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HOW TO USE THIS HANDBOOK
This book is not m~ant to be read. ,. :rt 1,6 intended t rather, as a resource.
to be .used by agroforesi:ry workers In':thc field in conjunction with a
companion documen~, Guidetines for Agroforestry Diagnosis and Design~
which is being published simultaneously as ICRAF \-lorking Paper No.6. ' .
(22 pp.). The companion volume,which1:s meant to be read, gives an
introduction to Iem's Diagnostic and Design methodology,. explains the
logical framework. of the D&D. apprclach and. presents the suggested '.
methodological procedures in outline form. The present volume, Resources
for Agroforestry .. Diagnosis and Design., is a compendium of optional
supplementary materials, which contains a far more detailed set of
methodological guidelinas and sugge3ted procedures, and a collection of
useful ancilytical tools and resource matE:'::'c:'c. .'

The two-volume publication format has been chosen as a means of
facilitating ease and flexibility i~ the use of the D&D methodology. Not
all of the procedures d~scribed in: the Resources will be applicable to
every situation. Because the D&D methodology has been designed to fit
a wide range of applications in varying land. use circumstances, it must
be adapted somewhat to fit particular applications and tailored to the
needs and resources of the user. While users of the D&D methodology.
may be happy to have the detailed guidelines contained in the Resqurces,
th~re.is a danger of getting lost 1n the details and 'not being able to,.
see the fOrest for. the trees.' To avoid this difficulty, tbereader is
referred to the GuideZines for an overview of the rnetbodoiogy and summary
outline of the procedures as a whole, and to tbe ReSOUl'~e8 for detailed
procedural suggestions on the implementation of each step. In the final
analysis,' the user must pick and choose from a~ng the suggested
procedures and assemble an' adap·ted. set of procedures \-'hicb is appropriate
to the' situation at hand •. Ry alternating between 'the GuideUne8~ for.
general orientation purposes, and. 'the'Resoul"oeS, ,for detailed procedural
suggestions, the user should b'e able to make intelligent and flexible USe

of the D&D methodo~ogy to meet his,particular needs.

ORGANIZATION OF THE HANDBOOK

A glance at the table o~ contents will·reveal that thiS book is organized
into three sections. Part 1 contains the detailed, Step~by-Step . '.
Guidelines. for eacbstagein the appi:Lcationofthem,ethodology.,Part· 2·,
contains a collection of Worksheets deSigned.to.f.acilitate the acquisition
and processing of diagnostic..and design infomai:ion:~ , Th.e third section"
tbe Appendix~'containsa v~riety. of rcsourc~s(to'ols and,mater:ials).: for
agroforestry:"'<?5:1.ented d:la~nos{s.and design, ,dong f~i.th·~urther st.ep-by-step
instructions llndguidelines which are eith~r of an, optional ,nature or. , . ,.
considerf'id too' .!ongthy for .inclusion in"rar~1.. . . .. .

_, l • •• ..' -,' • • .. . . ' . ~•. ~ •

• . •"". . ~ I ; • • ; . '.., L

The Wor~sheets, ~..t'I-it is, de.cided tq u6e··them,,·.can·b~ a grca~ .aid tQ. the
effective appiica(t>m of the: D&D process by' ~niufti~iD~ipiinary."te·am.
By providing a pre~defined'set of output targets, the Worksheets complement
tb~ s;tep~bY-6tep J~uidelines in giv.ing concrete form and"dir,ectio~; to
the sequence ot ,group activities. Used fle>;ibly by th~, team,. the.:
Guidelines-pIus-Worksheets constitute a kind of 'blueprint' for tbe D&D
exercise, a workingagreernent or protocol for coherent group progress
toward the goal of an eventual interdisciplinary consensus on all major
aspects of diagnosis and design for the target land use system.



TIle real 'heart' of this handbook, h~evert is the lengthy Appendix
of useful analytical tools and resource materials. In its present form
the Appendix can be considered a beginning for Yhat will, hopefully,
evolve over time into a genuinely useful and comprehensive set of
resources for positive diagnosis of land use systems and precision design
of agroforestry ~echnologies. We are a long way from that goal, however,
in the present early stage of the scientific development of agroforestry.

HOW TO CONTRIBUTE TO'THE DEVELOPMENT AND USE OF THE D&D METHODOLOGY

It should be emphasised that this is an evolving methodology. ICRAF
has been working concertedly on the methodology for over two years and
has brought it to the present preliminary state of completion though
collaboration with research partners in more than twenty test sites
around the world. To complete the development of the methodology and
adapt it to the wide range of potential uses in different environmental,
social and institutional settings will require much wider collaboration
and assistance from the global community of agroforestry workers.

The present set of documents has been published in Working Paper form
in order to facilitate widespread testing and critical review of the
D&D methodology by potential users around the world. Thus, the methodology
is being launched with an appeal to agroforestry researchers and field
workers for constructive criticism and comment. In about a year's time
the manuals will be revised to incorporste useful suggestions on how to
improve the methodology and make the D&D process more accessible to
interested users. Needless to say, suggestions arising from actual
applications of the methodology in the field will carry greater weight in
subsequent revisions than those resulting from a mere reading of these
documents, but all manner of critical review and comment is welcome.

Methodological considerations aside, the ultimate objective of using the
D&D methodology to advance the science and practice of agroforestry in the
field will require a great many applications to generate a large volume
of case study information pertaining to a wide range of physical and
socioeconomic environments. To facilitate the documentation of
diagnostic and design information and dissemination to potential users,
ICRAF has initiated a publication series on Case Studies in Agroforest~;

Diagnosis and Design. Reports published in this series will be available
from ICRAF on request, and users of the methodology are urged to submit
cas~ studies for possible publication. A computer-based global data bank'
of D&D results is also being developed at ICRAF headquarters in Nairobi.
Users of the methodology who do not wish to prepare a full case study
report are urged to request the forthcoming data recording forms in order
to place their case information on record in the data bank. In this way
ICRAF hopes to assist the development of agroforestry in the same way ,
that case studies have aided the development of medlcal science.

Comments and contributions may be addressed to: Dr. J.B. Raintree, Project
Leader, Agroforestry Diagnosis and Design Project, ICRAF, P.O. Box 30677,
Nairobi, Kenya.

\

VJ



CONTENTS
.:'-',

,ACKNOWLEDGEMENTS

'HOW TO USt:THIS HANDBOOK

iv

v

PART 1 STEP-BY-STEP GUIDELINES 1

Pl'ediagnostia Stage 3

OVERVIEW 3

STEP 1.

STEP 2.

ENVIRONMENTAL DESCRIPTION OF THE STUDY AREA

1.1 Biophysical Environment
1.2 Socioeconomic Environment
1.3 Structure nnd Function of the Human Ecosystem

DIFFERENTIATION OF LAND USE SYSTEMS WITHIN THE STUDY AREA

2.1 Identification of Land Units
2.2 Identification and Characterization of Management

Units within Each of the Identified Land Units
2.3 Differentiation of Land Use Systems
2.4 Selection of Priority Land Use System(s)

for D&D Attention

4

4
5
~

6

7
9

10
11

STEP 3. DESCRIPTION OF THE SELECTED LAND USE SYSTEM(S}

3.1 Preliminary Description of Household
Production Subsystems

3.2 Additional Land Use Information
3.3 Structural-Functional Description of the Syst~m

3.4 Preliminary Identification of Major Land Use
Problems and Potentials (Optional)

3.S "Final P:J?eparat~ol1s for the Diagnostic Survey

12

1,3

14
15
17

18

Diagnostia Stage 21

OVERVIEW 21

STEP,4. DIAGNOSTIC SURVEY

4.1 Orientation and Reconnai~sance

4.2 Survey of Representative Management Units

22

22
23

30

31

, '26

25

'·':25 "
25 "

j"26 ,

Analysis of Production Problems
5.1.1 P~esent Supply Problems
5.1.2 Causal Factors and Constraints Involved in

the Creation of Present Supply Problems
5.1.3 Household Strategies for Coping with the

Identified Problems and Constraints:
5.1.4 Syst~m8 Annlysis of Constraints' and Problems .'" " 27
Assessment of Sustainability Problems 28
Assessment oC'ProbleMS and Potentials at the 29
Ecosystetn/Comm~nity'i.eve1 ,
5.3.1 Distribution of Production Problems

and Potentials
5.3.2 Larger-Than-Farm Scale Conservation Problems

DIAGNOSTIC ANALYSIS

5.1

5.2
5.3

STEP 5.

\I I I



STEP 6. DERIVATION OF SPECIFICATIONS FOR APPROPRIATE TECHNOLOGY

6.1 Development Strategy
6.2 Functional Potentials for Problem-Solving Interventions
6.3 Potentials for Improved Use of Resources
6.4 Possible Constraints on candidate Technologies

31

31
34
35
35

Design Stage

OVERVIEW

37

37

STEP 7.

STEP 8.

STEP 9.

TECHNOLOGY APPRAISAL

7.1 Body of Knowledge Review
7.2 Preliminary Identification of Technological Alternatives
7.3 Preliminary Appraisal" of Alternatives

DESIGN OF TECHNOLOGY FOR AN IMPROVED LAND USE SYSTEM

8.1 General Design Considerations
8.2 Specific Design Procedures

EX ANTE EVALUATION OF THE DESIGN

9.1 Rapid Appraisal Methods
9.2 Detailed Evaluation Procedures"

38

38
39
40

41

42
42

45

46
47

FoUowup PLanning Stage

OVERVIEW

STEP 10. IDENTIFICATION OF RESEARCH NEEDS

10.1 State of the Art Review
10.2 Outline of Specific Experiments

STEP 11. IDENTIFICATION OF TOPICS NEEDING FURTHER D&D ATTENTION

STEP 12. DEVELOPMENT OF A PROJECT IMPLEMENTATION PLAN

REFERENCES CITED IN TIlE TEXT

P,lIRT 2 WORKSHEETS

49

49

50

50
52

53

54

57

Pztediagnostic

Worksheet 1.1
Worksheet 1.2
Worksheet 2

Worksheet 3.1

Worksheet 3.3

Worksheet 3.4

Worksheet 3.5

Worksheets

Biophysical Environment
Socioeconomic Environment
Differentiation of Land Use Systems Within
the Study Area
Preliminary Description of Household
Production Systems
Structural-Functional Description of the
Land Use System
Preliminary Identification of Major Land Use
Problems and Potentials (Optional)
Preparations for the Diagnostic Survey

viii

61
62
65

66

67

69

71



C-5
C-6

C-2
C-3
C-4

Diagnostic Worksheets

Worksheet 5.1 Analysis of Production Problems
Worksheet 5.2 Assessment of Sustainabi1ity Problems
Worksheet 5.3 Assessment of Problems and Potentials at

the Ecosystem/COmmunity Level
Worksheet 6 Specifications for Appropriate Technology

Design Worksheets

Worksheet 7 Technology Appraisal
Worksheet 8 , Design for an Improved Land Use System
Worksheet 9 Design Evaluation

FOUOlJUp Planning Worksheets

Worksheet 10 Identification of Research Needs
Worksheet 11 . Topics Requiring Further DaD Attention
Worksheet 12 Recommendations for Project Planning

APPENDIX: USEFUL TOOLS AND Mt\TERIALS

Prediagnostic Resources

A-I Sources of Prediagnostic Information
A-2 Guidelines for Description of the Biophysical Environment
A-3 Additional Climatic Information
A-4 Guidelines for Completion of the Socioeconomic Datasheet
A-5 Ecosystems Analysis in DaD Applications
A-6 Note on the ICRAF Basic Needs Approach
A-7 Guidelines for Description of F~restry Production Systema
A-8 Watershed Evaluation Guidelines
A-9 Livestock Production Systems
AlO Indices of Land Use Intensity

lJiagnostia Resouraes

B-1 Environmental Observations at the Diagnostic Survey Stage
B-2 Interview Guidelines for Agroforestry Diagnosis and Design
B-3 Sample Diagnostic Survey Form
B-4 Commodity/Resource Availability Profiles
B-5 Assessment of the Adequacy of Land Resources
B-6 Notes on the Assessment of Land Management Problems

and Degradation Hazards
B-7 Introduction to Causal Diagramming
B-8 Introduction to Functional Diagramming
B-9 Assessment of Resource Potentials and Limitations

Design Re8ouz>aes

C-l Improving vs. Transforming Approaches to the Development
of Land Use Systems .
Multifunctional Agroforestry Designs
The Concept of an Optimal Pathway of Intensification
Scoresheet for Evaluation of Candidate Technologies
and Designs
Classification of Agroforestry Systems
Some Examples of Prominent Agroforestry Systems and
Practices in the Developing Regions of the World

ix

72
74
75

76

78
79
80

82
83
84

85

87
93
115
135
137
157
161
165
173
181

183
185
193
207
209
215

223
231
253

257

254
261
265

271
277



C-7
C-8

.C-9
C-lO
C-ll

C-12
C-13
C-14
C-15

Location Decision Matrix
Woody Components of Existing Agroforestry Systems
Characteristics of Selected Multipurpose Trees and Shrubs
Bibliographic Sources of Lists of Multipurpose Trees and Shrubs
~~ditionalCharacteristicsof Woody Plants to be Considered
in Choosing Species for Agroforestry Systems
Potential Agricultural and Horticultural Crops
Plant Arrangement Considerations
Notes on the Microclimatic Effects and Design of Shelterbelts
Ex Ante Economic Evaluation

281
285
307
313
325

333
335
343
357

FoZZ~up Planning ReBouraeB

D-l Experimental Approaches
D-2 Example of Research Plans Developed from a D&D Application

in Kenya

x

365
371



/
/(

PART 1

STEP-BY-STEP GUIDELINES



Step 1.

Step 2.
Step 3.

:

PREDIAGNOSTIC STAGE

PURPOSE: '!he purpose of the Prediagnost1e Stage. is to lay the
groundwork for' the Diagnostic and Design Stages which follow
by describing the diagnostically relevant characterietics
of the chosen land use system and its environment.

PERSONNEL: It is suggested that 4 Prediagmostic Working Croup
be formed to carry out this task. It is highly desirable.
but not absolutely necessary. that theUorking Group
contain at least one senior scientist who will cOQtlnueon.
as part of the D&D Field Team at thlf Diagnostic Stage.

SOURCES OF INFORMATIOn: '!he two main sources of prediagnostic
information are:

1) E:dsting documentation on the study area, including
published and unpublished research reports. soil surveys,
meteorological records. census reporta, maps. air photographs,
etc •• Bupplemented by consultations withexpert8 familiar
with the study area; and 2) P'GCOtma1.SSanc6 visits to the
study area. partly to familiarize .the WOTking Groupw1ththe
-area and to aid in the interpretation of existing dOcUlIlentation.
but also to collect supplementary inform4tion·throug~direct
observation .0£ enviroIl!:lental features and land use pattel"ns.
and through interviews with qualified informants (LOCal
officials. extension agenl:!J. articulate farmers. researchers
familiar with the area, etc.). See Appendix A-I for further

. suggestions on Ilources of prediagnost,1c information.

SUGGESTED PROCEDURES:
Environmental Description of the Study Area .

Differentiation, of' Land .. Usa Sy~t~lIlB lli thin the Ar~a

Pre11m1naryDe!llcription of Selected Land Use System(s)
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GENERAL GUlrELINES

The aim is not description per se, but description for the purpose of
diagnosis and design. The amount of documentation produced at this stage
will vary from application to application. Good documentation is
necessary if different peraonnel are to carry out the next stage or if
a formal report or project proposal is planned. On the other hand, brief
notes will suffice if it is judged that there is no particular value in
extensive documentation.

SPECIFIC PROCEDURAL SUGGESTIOOS

STEP 1. ENVIRONMENTAL DESCRIPTION OF THE STUDY AREA

The purpose of the information gathered at this step is to characterise
the environment of the land use system or systems which will be selected
for more detailed attention in succeeding steps and thus to provide a
context for the interpretation of information about the focal system(s}.
For completeness and clarity it is convenient to divide the environmental
description into three substeps: 1) description of the biophysioaL
environment, 2) description of the Boaioeooncmrf,a environment and, if
sufficient information is available, 3}description of the organization
(structure and function) of the human eaosystemin which all dimensions of
the relevant environment are integrated.

1.1 Biophysical Environment

1.1.1 Worksheet

Worksheet 1.1 has been provided to assist in the selection and recording
of relevant environmental information in accordance with the guidelines
given in Appendix A-2. The suggested information system is based on
ICRAF's Environmental Data Base for Agroforestry and is designed to
provide a standard set of descriptors for aspects of the biophysical
environment which are relevant to land use systems in general and agroforestry
systems in particular.

Minimally, the information categories described in Appendix A-2 are meant
to be suggestive of what may be relevant to know about the environment
of the study area and as such it is not absolutely necessary to use
the suggested recording system to satisfy the purpose of this step.
However. the use of this information system is highly recommended if you
wish to maximise the international accessability and comparability of your
case data and particularly if you intend to contribute to ICRAF's global
data bank on agroforestry or to the publication series on Case Studies
in Agroforestry Diagnosis and Design.

See Appendix A-2 for detailed guidelines on the use of Worksheet 1.1

1.1.2 Additional Climatic Information

In some cases additional climatic information may be required to assess land
use constraints and agroforestry potentials. Where water is a limiting
factor for agriculture. it may be particularly useful to undertake a more
detailed assessment of water availability throughout the year.
Part 1 of Appendix A-3 contains detailed guidelines for

John M
Previous Page Blank
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computation of water budgets. Part 2 contains·a more general discussion
of temperature effects on plant development~"TheWorking Group should
evaluate the need for additional climatic information and compile:th~

necessary data from exis ting sources ,. :," ,: :

1.2 Socioeconomic Environment

Relevant information on the socioeconomic dimensions of the environment
may be more difficult to identify and collect, but is no less
important than biophysical information as a determinant of land use'"''
decisions. The categories of socioeconomic information suggested,'"
in Worksheet 1.2 are designed to provide a reasonably complete; and"yet
efficient, coverage of potentially useful background information. The
level of detail in the completed Worksheet will obviously depend on the
availability of existing information. Following a reasonable effort
to gather the information to complete Workaheet 1.2, the Working Group
should restrict further expenditure of time and energy to those
categories which it knows, or strongly suspects, Will be relevant to the
deliberations of the D&D Team. Unexpectedly important information gaps
can be filled,by the D&D Team or a subsequent working group once the
relevance of the missing information has been established. (This comment
applies to all categories of information at any stage in the D&D process).

See Appendix A-4 for detailed guidelines on completion of Worksheet 1.2.

1.3 Structure and Function of the Human Ecosystem

The human ecosystem (i.e. an ecosystem whose organization reflects the
dominant influence of human activity) is a distinctive level of
integration comprising both biophysical and socioeconomic'dimensions
of the environment characterized in 1.1 and 1.2. It is the effective
environment of long term relevance to the land use systems and
management units to be identified and described in Steps 2 and 3.

A descriptive understanding of the main ~tructural and functional
attributes of the larger human ecosystem .can Jlasiatin identifying
the most important land use systems within the study area for D&D
attention. It can also aid in the understanding of those systems and,. . ". >

perhaps more importantly. in the diagnosis of problems and, potential~
which exist beyond ,the boundaries of the unit systems. .These notes
and the detailed procedures de~~dbed in Appendix A-5 are designed to
assist the user" in arriving at'ameaningful prediagaostic overv1e~ of.
the human eco~ys,te'f!l. The suggested pr~cedures may. ,of course, be
adapted to fit the needs and resources of the user. ' .

The first step in most cases will be to define the botmdaries of' the
human ecosy~tem in order to set limits on what is to be described. If,
the analysis ap!llies to a watershed management project. th~Q. th~,'
watershed may be conveniently taken as the. ecosystem unit.pro~iding

therear~no overriding socioeconomic COI),siderations (e.g~ a different
scale for the effective, community or market organization of the area).
l-Jhatever weighting is ultimately given tQ the various factors," th~
definition of system boundaries for D&D purposes should reflect both
socioeconomic and biophysical considerations.
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Once defined, the system may be treated as a homogeneous unit or it
may be stratified by geographical or social criteria. If it is
treated as a homogeneous unit, the components, the status of the eco
sy~tem and its relationship to the outside may then be inventoried
(using checklist 1 in Appendix A-5 part 1) The various different
components are defined by their role within the ecosystem: energy
sources, physical resource base (land, water, soil), primary producers
(vegetation), secondary producers (also consumers - animals for milk,
meat, labour), consumers (people, one or more groups including migrant/
seasonal labourers), and savings/investment stores (cash, buildings,
other 'infrastructure, capital items). These components, their
condition, the exchanges between them, external inputs and system
outputs constitute a structural/functional outline of the human ecosystem
and its links with the larger environment.

If the human ecosystem is to be stratified by geographical area and/or
by population subgroup, the analysis emphasizes exchanges between
subareas and groups within the ecosystem. This -approach is useful
where there is a pronounced difference in land management technology
or internal division of labour by group or area. For example if there is
a strong association of two socioeconomic groups with two respective
land units and types of production, then the modified input-output
analysis in Appendix A-5 (Checklist 2 and related text) may help to
clarify the roles of the two groups relative to each other, the immediate
biophysical environment, and the larger ecosystem.

This second type of analysis (check list 2) is intended as a prelude to
the identification of problems and potentials at the ecosystem scale. It
includes a modified input-output matrix defined by ecosystem sub
divisions (or groups) and basic needs of the inhabitants. Surplus and
deficits may be reported in addition to inputs. outputs and statis
condition.

See Appendix A-5 for detailed guidelines and Appendix B-8 for optional
diagramming tools.

STEP 2. DIFFERENTIATION OF LAND USE SYSTEMS WITHIN THE STUDY AREA

For diagnostic and design purposes it is important to distinguish
clearly between the different land use systems found in the study area.
Each distinct land use system can be expected to have its own unique
set of., constraints and. potentials, different from those of other land
use systems in the area. Diagnosis and design are system-specific
activities, so it is crucial, right from the start. to have a clear
definition of the system(s) being addressed. All subsequent information
will relate to the systems so defined or to their environments.

As conceived from D&D purposes, a Zand use system has both biophysical
and socioeconomic dimensions. To define a land use system thus involves
specifying the particular combination of biophysical and socioeconomic
characteristics which distinguish it from other land use systems in ,the
area. It could be that a difference of even only one salient
characteristics, e.g. soil type (a biophysical characteristics) or land
tenure (a socioeconomic characteristic), may justify the classification
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of two otherwise similar farms in different land use system categories.
On the other hand 9 it is also 'possible that several minor differences do
not 9 in the judgement of the Working Group, add up to a significant
difference, requiring a separate land use system classification.

There are no hard and fast rules for assigning farms (or other land use
units) to one category or another, but basically the deciding criterion
is a pragmatic one:' Whether or not a difference of one or more
characteristics is likely to result in a signij~cantly diffe~nt Bet of
land management constraints and potentials~ requiring separate diagnostic
and designttea'ttllent. Based on this criterion the Prediagnostic Working
Group must, come to its own decision. Keep in mind, however, that this
is only a'pre1iminary classification. TIle D&D Team may, on the basis of
its survey findings, decide to modify the initial classificati.on to
bring it more into line with identified technological options.

To simply the task of the Working Group in arriving at a preliminary
classification of land use systems within the study area, Step 2 is
broken down into three substeps:

2.1 Identification of land units with a relatively homogeneous
set of biophysical characteristics.

2.2 Identification of management units and their characteristics.

(Alternatively 9 the order of the preceeding steps could be reversed).

2.3 Identification of those combinations of land units and
management units which represent distinctive land use system.

2.4 Selection of priority land use system(s) for D&D attention.

Worksheet 2 is provided to record the results of this stepwise process.
Specific guidelines follow below.

2.1 Identification of land units

A land unit is an area or type of land which possesses relatively
homogeneous biophysical char~cteri9tics. All land within a land unit
has similar resource potential and hazards, and compared with other
parts of the study area. It is the basic unit for diagnosis of biophysical
resource constraints and potentials.

It should be noted that the term "land unit" is not restricted toa
particular scal~ or degree of homogeneity. In reconnaissance studies
covering large areas, the land units may cover areas of hundreds of
square kilometres and possess substantial internal variations of land" .
characteristics. In more detailed studies, the appropriate land unit~

will be smaller and more uniform. w~atever areas of land are perceived
as the appropriate physical basis for the diagnostic survey are' taken as
the "land units" for the survey.

Possible mapping unl~s which can serve as land units include land systems
or land faaets~ terms taken fron the land systems approach; .~
capabiZity subclas8es or Zand capability unit8~ taken from the method
of land capability classification;· and soil a8sodations or soil senes
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as distinguished in soil survey, For definitions of these mapping units,
and accounts of the methods of survey ,see Dent and Young (1981).
Land systems or soil associations are appropriate at reconnaissance
scales or survey, while land facets, land capability units or soil
series are appropriate in detailed surveys. For most diagnostic survey
work, land facets will form the appropriate land units. However, where
a reliable map of anyone of the above kinds, at a suitable scale,
already exists, it will be time-saving to accept the units which it
shows as the land units for survey purposes.

If no such map exists, the land systems approach (also known as the
method of integrated survey) is recommended. It is a rapid method of
survey in which all factors of the physical environment are taken into
account simultaneously. The method is first to identify the land systems
which occur in the study area, and then the Zand facets lvhich occur in
each. The land systems are first delineated (i.e. their boundaries
are drawn) on air photographs for the whole of the study area, these
boundaries being subsequently transferred to a map. Land facets will then
be identified, but need only be delineated for sample parts of each land
system. If air photographs are not available, the Working Group should
follow basically the same procedure using whatever topographic maps and
survey information are available.

Worksheet 2 has been prepared for the land systems approach. If other
mapping units are being used, then the headings for columns 1 and 2
must be changed accordingly.

Column 1. Land Systems. A land system is defined as an area. with a
recurring pattern of land facets. MOst land systems are initially
identified and defined in terms of their landforms; they are then
described in terms·of the full r~ngeof·en~ironmentalfactors (as in
Worksheet 1.1). Exauntples of land systems are an undulating plain,
s range of hills, and a coastal or alluvial plain. Some land systems
are given local names, e.g. the Masambara Hills Land System.

To complete column 1, simply decide what land systems are present in
the study area and enter their names or brief descriptive phrases.
Be sure to leave enough vertical space between entries to allow for
recording of subsequent information in columns 2-12.

Colwnn 2. Ulnd Facets. A land facet is an area within which, for most
practical purposes, biophysical conditions'are uniform. All land within
a land facet can be expected to respond ~inr.larly to management. Land
facets frequently occur in regular sequences, wltr~n a land system,
from hill crest to valley floor; they often correspond to elements in.
a soil catena. For example, a land system characterized by moderately
undulating relief might include the following land facets: steeply
sloping land with shallew soils;~entle to moderate slopes with deep.
freely·· drained soils, and poorly-drained valley floor. A convenient
method for identifying land facets is to draw a representative cross
section of the land system and mark off the land facets, showing their
relative pOSitions and getting an approximat~ idea of their relative
extent.

Once identified, the major land units may be entered into column 2,
leaving space for the information which is to follow.
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2.2 Identification and Characterization of ~mnagement Units within
Each of the Identified Land Units

Once the major biophysical divisions of the study area have been
identified. the' next step is to differentiate the types of management
units found within each of the major land units. (Attema.tive7,y~ one
aould begin lJJith the rranagement units and then differentiate them according
to their" "location in different land wzits). It may be that there is
no simple relationship between land units and management units. Thus,
there may be more than one type of management unit per land unit, or a
single management unit type may span several different land units
(e.g. several different farms of the same type spread over several land
units, or even a single farm with parts in different land units).
Flexible use should be made of Worksheet 2 to indicate the relationships
between management units and the associated land units.

Each set of entries in columns 3 and 4 refer to a single w~nagement

unit type characterized in terms of the scale (column 3) and the social
identify (column 4) of the typical management unit. Columns 5-10
are for notes on the main characteristics of each unit which are likely
to be important for purposes of diagnostic classification. Needless
to say, if the Working Group identifies other characteristics, not on
the Worksheet. which are considered important for the purposes of this
step. then they should also be noted. Specific guidelines for completing
columns 3-10 follow directly.

Column 3. Scale of the Management Unit. Enter one of the following
terma which best describes the scale of the management or production unit:
8malZ~ medium or large • . Since the scale of production is a relative
dimension which varies from area to arC3 j indicate the range (in
hectares) of the scale terms you are using for the study area in the
space provided on ~he Worksheet.

Column 4. Social Identity of the Hanagement Unit. The social identity
of the management unit may be a bit harder to define and will require
some judgement. The most important criterion is to choose a term which
best describes the social unit which acts collectively in making and
implementing land management or production decisions. For example. the
most common units might be: the family farm (in some cases it may be
useful to distinguish between different types of family units. e.g.
nuclear or extended); the corporation (private or parastatal); the
cooperative farm; various communal farm units (organized along traditional
rather "than modern cooperative lines); etc. The Working Group should
feed free to une other categories as necessary to adequately
characterize the relevant units. (Obviously a different set of terms
might be needed to characterize forestry management units operating
within the" study area)."

Column 5. Labour Sources. What are the main sources of labour for the
management unit? Possibilities include: family labour, hired labour,
communal labour, reciprocal exchange labour, etc. ~Ad other categories
to adequately charactorize labour resources. If more than one type of
lahour is used. list in order of importance.
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Column 6. Land tenure. Common forms of agricultural land tenure include:
Freehold ownership, lease, rent, tenancy (usually implies share-cropping
and a more inclusive set of social rights and obligations vis-a-vis
the landlord), communal tenure (distinguish be~een collective and
individual use rights), etc. Tenure rights in forestry production
systems usually reside with government, parastatal or private owners,
butan additional descriptive phrase may be necessary to characterise
use rights of the labour force (e.g. as in taungya systems or where
workers are permitted to gather firewood, make charcoal, etc.). Tenure
rights and restrictions exert a strong influence on land management
decisions, so feel free .to use other tarmsor descriptive phrases to
adequately characterize this feature of the land use systems.

Column 7. Land preparation tools. One of the most distinguishing
features of agricultural land use systems is the type of tool used for land
preparation. Indicate the predominant tools used by the management
unit for clearance (if relevant) and cultivation, e.g.: axe, machette,
fire, etc. for land clearance; tractor, animal-drawn plough, dibble
stick, etc. for cultivation. Add other terms as necessary.

Column 8. Inputs. List major agricultural inputs such as fertilizer,
manure, pesticides, herbicides, etc. used by the management unit.

Column 9. Economy. Indicate the main production emphasis of the
management unit, Le. subsistence, commercial, or mixt!d. Some judgement
must be exercised here. There are very fev, if any "purell subsistence
economies left in the world today. Almost every household land
management system has aeRsh production component, however limited.
We arbitrary propose the· following definitions: A sub8iB~nce system.
will be defined as one in which the major production goal is to satisfy
the basic needs of the land management Unit, even if this involves a
supplementary cash production component. A mixed system, by contrast,
is one in which the basic needs and cash production objectives are
nearly equal. A commercial system is one in which cash cropping or
home processing activities constitute the mainstay of the economy of the
management unit, even if there is a supplementary subsistence-oriented
production component (e.g. a large home garden, a fruit orchard for
damestfc use, or perhaps a domestic fuelwood lot). Minor variations on
the main production emphasis may be indicated in the space provided in
the Worksheet by a brief descriptive phrase.

Column 10. Major products. Indicate the two or three most important
products of the land management unit. These should describe the main
outputs of the system (whether for domestic use or sale) in terms of
the production emphasis indicated in column 6; e.g. for subsistence
system: "maize, beans and squash;" for mixed systems: "maize, beans and
squash for subsistence, coffee for cash;" for c01lDJlercial systems :lImilk
and cheese".

2.3 .Differentiation of Land Use Systems. Having separately
characterized the physical and management aspects of land use, the next
task is to combine the two sets of characteristics and distinguish
those combinations which define distinctively different land use systems
within the study area.
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Column 11. Reference Number. ~view the information previously entered
in columns 1-10. evaluate whether the combination of characteristics
associated with the different management units (Step 2.2) within each
of the land units (Step 2.1)' are 8ufficientZy different to justify
distinguishing different, land use systems, and assign a reference number
to each of the systems so distinguished. Thb step involved analysis
and grouping of similarities and differences between rows of data
displayed in the Worksheet. It und~ubted1y requires a lot of judgement
and may occassion extended discussion among members of the Prediagnostic
Working Group.

Criteria for distinguishing different land use systems are entirely
relative. It may be that in the judgement of the Working Group only
one significant difference is sufficient to warrant different-land use
systems classifications. Or it may be that several minor differences
do not, in the judgement of·,the group, add up to a major diiference in
land use system type for purposes of the D&D exercise. it is up to the
Working Group to decide. No foolproof guidelines can be given for the
completion of this step.

The aim should be ;to produce an heuris~ic classification of land use
Qystems which are sufficiently different from each other (on salient
biophysical and/or socioeconomic dimensions) to require separate diagno~es

and potentially different approaches to design.

Column 12. Naming of Land Use Systems~ This is simply a naming step.
The purpose of giving a name to each of the land use systems distinguished
by a separate number in column 11 is to facilitate communication about
them. Usually a short descriptive phrase (e.g. smailholder subsistence
farming) will suffice as a name for a system.

2.4 Selection of Priority Land Use System(s) for D&D Attention

Having differentiated the major land use systems within the study area,
the next step is to decide which of them will rec~ive priority attention
in the Diagnostic and Design exercise. Priortization is nec~8sary since,
in most caseo it will not be possible to survey each and every land
use system i~ the study area ina single field exercise. particularly
if there are many.

It is difficult ~o predict the capaci~y of the'D&D,field team, i.e~ how.
many systems the team will be able to survey in a single exercise. since
this will depend on weather., logistical factors. the complexity of
the systems, the degree of differenc~ between the systems, etc. As
a general rule, however, it will be difficult to s\lrvey more than one
distinctly different system per week of, field time. Thus. if the
exercise is planned to be. of twow~ek8 duration (the usual upper liinit
for sustained field surVey acti,;ity by a highly qualified multidisciplinary
team), then only two. systems can be surveyed. This, of course, docs
not preclude ,the possibility of subsequent survey exercises to deal.with'
any remaining systems in the study area.
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Priortization of the systems at the Prediagnostic Stage will aid the
D&D Team to focus its efforts on the most important systems first
and then proceed to the others in turn. The number of systems to be
dealt with will depend, not only on the number of distinct land use
systems in the study area, but also on the objectives of the exercise.
If some of the existing systems fall outside the Gcope of the exercise
(e.g. large commercial farms in an exercise which is mandated only to
focus on smallholders), then the task is correspondingly simplified.

What criteria should be used in selecting priority systems? Obviously,
the selection will be based on the judgement of the Prediagnostic
Working Group, but it may be helpful to think in terms of the following
suggested criteria: .

1) The selected system(s) should be representative of important larid use
systems within the country, so that the results of the D&D exercise'
and any resulting research and development activity may find wider
relevance beyond the study area•. Importance, in this sense, may be
judged either on the basis of the size of the potential recommendation
domain for the agroforestry technologies which may result, or by
some measure of the importance of the problems which the identified
technologies may solve (even if the recommendation domain is not large)~

For example, a land use system which is at present of limited spatial···
extent, could become the target of an agroforestry R&D effort if it i8-';
judged to be one that will figure prominently in the future of the
study area or some significant portion of the country as a whole.

2) The selected system(s) should be in need of technical assistance to
solve pressing land use problems, either of a production of conservation
nature, or both. Otherwise, perhaps research and development resources
should be committed elsewhere, where problems in need of a solution do
exist. .

3) There should be at least a prima facie potential. for· an agroforoestry"
approach to the improvement of the selected land use system(s). Although
the D&D team is not automatically obliged to return an agroforestry- .
oriented recommendation if in its judgement no significant agroforestry
potentials exist, it will be helpful in making best use of the human
and other resources committed to the exercise to pre-screen the target
systems for relevance to an agroforestry approach. (See Appendices
C-5 and C-6 for an indicatipn of the scope of the agroforestry approach~

STEP 3. DESCRIPTION OF THE SELECTED LAND USE SYSTEM(S)

The information provided at this Step will be crucial to the D&D Survey
Team in making a rapid entry into the diagnosis of the system. The
Prediagnostic Working Group should be aware, however, that the D&D
Survey Team may, on the basieof more in-depth survey work, find it
necessary to modify the preliminary description by the Working Group.
An effort should be made to make the preliminary description as complete
and accurate as possible within reason, keeping in mind that the main
purpose is to provide a good starting point for the diagnostic survey
and that, in any case, it will not be possible to anticipate all
information needs.



- 13 -

The main source of information for this Step will be interviews with
qualified informants, supplemented by any available documentation on
the focal system(s). Basic instructions for each substep are given
below, with more detailed suggestions for specific or alternative,
procedures in Appendices A-6 through A-lO.

3.1 Preliminary Description of Household Production Subsystems

The main purpose of this step is to characterize the production objectives
and the location of the related production activities on the land
management unit. Worksheet 3.1 provided for this step is oriented toward
the description of household management units, although it could be used
with minor adaptations for multipurpose management units which have some
other basis of social organization. Likewise, although the 'tt>Clsic needs"
approach which underlies the Worksheet (See Appendix A-6) is most fully
and usefully employed in dealing with systems which attempt .to produce
a wide range of outputs to satisfy a variety of production objectives,
the Worksheet can also be uged for other land use systems with more
narrowly defined objectives, providing that those objectives can be classified
under one' or more of the production objectives listed in column 1 of
the Worksheet. ThuB a specialized commercial land management unit would
have most of the entries under the cash subsystem. The same crop or
animal component may be listed under several production subsystem headings
(e.g. a particular food crop could be listed under food~ cash, and social
expenditure headings; firewood could come under fuel, cash and raw
materials for cottage industry headings; livestock could have multiple
purposes food, cash, and savings/investment enterprises. By the same
token, there could be several locations on the management unit where
specific production/objectives are fulfilled.

To complete Worksheet 3.1 simply list the specific crop, tree or animal
component in the space provided under the headings in column 1 and in
each box of the location matrix where the component is produced.
MOdify or add othar production objectives or locations as needed to
adequately characterize the system.

In cases where Worksheet 3.1. does not, even with modifications, provide
an adequate basis for description of management objectives and the
location of associated,land ,use activities~ a different matrix format
should be devised by the Working Group. For example, in the case that
the client for the D&D exercise is a 'forestry or watershed management
project, the management objectives and locations would be quite different
from those in Worksheet 3.1 (appropriate to farm households). Alternative
guidelines are givon in'the Appendix' for forestry (A-7) and watershed
(A-8) applications.,

The use of alternative Worksheets to describe different management units
does not, of course. preclude thB compZemen~ use of Worksheet 3.1
to describe any household (or other multipurpose management unit) which
may also exist within the project are~. Thus~ in a complex situation
inv~lving forestry and watershed management units together with farmers,
at least 3 different Worksheets could be completed, one for each set of
management objectives.
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3.2 Additional.Land Use Information

Completion of the foregoing section will not, in most cases, complete the
description of the system. DepeIlding on the type of production technologies
or management objectives, the following additional information might
also be needed:

~ricultural Production

a) Intensity of agricultural land use (see Appendix A-lO for sugg~sted

indices)

b) MOst common crop rotations

c) ~~st common iritercrop combinations

d) Cropping calendar

Forestry Produ~tion

a) Establishment practices

b) Maintenance operations

c) Management system

d) Harvest practices.

e) Rotation schedule

(See Appendix A-7).

Livestock Production

a) Type of livestock and herd structure

b) Role of livestock in the system (consumption, sale, savings,
draught power, etc.).

c) Seasonal feed sources

d) Management practices

(See Appendix A-9).

AgroforestEY Practices

a) Component combinations (trees with herbaceous crops and/or livestock)

b) Role of the tree in· the system (production/service roles)

c) Interaction of trees with other components (in space and/or time)

d) Spatial arrangement of components (zonal/mixed)

e) Management practices (pruning, lopping, mulching, etc.)

(See Appendix C-5)

Watershed Management

a) Sources of water (type/location)

b) Type and distribution of water harvesting or drainage infrastructure
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c) Condition of land surface in watershed

d) Distribution of land cover types (sketch map)

e) Condition of river and stream channels

f) Community groups potentially concerned with watershed management

(See Appendi~ A-8 for detailed guidelines)

3.3 Structural-Functional Description of the System

Worksheet 3.3. is designed to enable the analyst to determine the flow
of inputs and outputs within the selected land tmcsystem. Both
economic and ecological aspects of the system are included.

The main purpose of this description is not to identify problems but to
assist in the understanding of· some of the problems which will be identified
later at the Diagnostic Stage. The Worksheet, in effect, describes the
syetein1 s operating context an'd, hence, the context of the problems.
This information \iil1 assist the D&D team to simulate the system's
response to potential interventions. One use of the completed Worksheet
which might be made is to produce a functional diagram of the system.
See Appendix B-8 for guidelines on the construction of functional
diagrams. It may be helpful but it is not necessary for the Prediagnoetic
working group to produce such a diagram in order to complete this step.

The Worksheet is comprised of 2 sections. The first section deals with
the sources Bnd uses of major inputs. The second section deals with
sources and uses of outputs and includes by-product outputs such as soil
erosion and surface water runoff.

Specific Guidelines for Completion of Worksheet 3.3

3.3.1 Inputs

InputD have been subdivided into 3 main categories i.e. lab'our,' land and
other.

Labour is defined in terma of its availability for farming, off~farm
and household activities. It is subdivided into family, hired and
other e.g. community labour.

land is here defined in terms of acreage and existing vegetation and/or
infrastructure improvements, e.g. terraces, irrigation canals, fences
etc. It is subdivided on the basis of whether it is owned, rented or
has other use rights, e.g. communal land, forest land temporarily used
for intercropping, etc.

Other is divided into ,capital and operational inputs. Capital items,
other than the prcviom11y mentioned land-based infrastructural
improvements, are draft ,animals, productive animals (dairy and/or
beef cattle, pigs, sheep, goats, chicken), equipment (tractor, plough,
irrigation pumps and pipeo).
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Most common operational inputs are planting material~ fertilizers
(organic and inorganic), chemicals (insecticides, pesticides, herbi
cides, drugs) raw material for cottage industries, water, fodder, fuel.

The main activities of the farm family (the uses of the inputs) are
summarised below.

Primary activities

Cropping of annuals is here defined as producing, harvesting and selling
of crops.as well as development and maintenance of land infrastructure.

C,vopping ofp~penniaZB is here defined as producing, harvesting and
selling of tree (products) as well as development and maintenance of
land infrastructure.

Livestock keeping is here defined as rearing, grazing, watering and
selling livestock (products).

Gathering is here defined as collecting products other than from
cropping and livestock keeping for home consumption or cottage
industries or livestock keeping.

Off-farm ~7lplo~nent is here defined as family labour engaged in paid in
come generating activities off-farm.

Secondary activities

Cottage indUstries are here defined as the on-farm processing of
purchased or farm produced raw materials into products for sale or home
consumption.

HousehoLd maintenance is here defined as all regular household chores
other than gathering including maintenance of household structures.

Livestock keeping is here defined as rearing, feeding, watering and
selling livestock (products).

Note that livestock keeping can either be a primary or secondary activity
depending on whether the animals are grazed or fed with products from
primary activities.

3.3.2 Outputs

Products resulting from primary activities are crops, fruits. animals,
livestock products (milk, eggs), fodder, fuel, (fuelwood crop residues,
manure), water, timber and poles, organic fertilizers, manure, planting
material, raw material for cottage industries and draft power. Water
is considered a primary product when it is an output of a specific
activity or a new infrastructural investment· for the purpose of water
storage or harvesting. Otherwise it is considered a by-product.

Products from secondary activities are processed food, shelter and
cottage industry products.

The final uses of the products are subdivided into household consumption,
sold for casl1 or recycled as inputs into the production system.
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By-products of both primary and secondary activities may also constitute
outputs, as in the case of soil erosion, surface runoff or deep
percolation of water resulting from particular cropping systems, livestock
raising activities or farm infrastructure. The effects (rather than
uses) on the farm IDld off the farm are.shown as land degradation (from
soil erosion), as effects on specific activities (cropping for example),
or as farm exports to the larger ecosystem. These may serve as positive
or negative inputs "to other farming units in the area.

3.4 Preliminary Identification of }fujor Land Use Problems 'and Potentials(Optional)

On the bssisof the groundwork und~rtaken to complete the preceding
Prediagnostic Steps, the Working Group will have developed a preliminary
appreciation of the outstanding land USe problems and potentials
of the selected systems. Although, this area will be covered again in
greater depth by the D&D Field Team, it would be a pity not to benefit
from the thinking already done in the Prediagnostic stage. Therefore,
a brief characterization of the major land use problems and potentials
identified by the Working Group would be desirable. .

The information should refer to problems and potentials at two levels:
that of the local ecosystem and that of the management unit. Information
on the latter would tend to be system specific, so a separate entry
should be made in Worksheet for each land use system. At the ecosystem
level, the problems and potentials might be more general, but any system
specific (or land unit specific) influences should be noted. It is not
expected that the Working Group will go into great detail, but reference
might be made to the detailed gUidelines given in the Appendices.

3.4.1 PToblems and Potentials at the Ecosystem Level

to the spaces provided in Worksheet 3.4 list:
c

Major Resource Limitations and Potentials

Some analysis of previously collected information and perhaps more
supplementary tnformationwill be needed to complete this section. See
Appendix B-9 for guidelines.

Major Conservation Problens and Potentials

This should be based mainly on the understanding development by the working
group on the basis of its previous information gathering activities,
supplemented by brief additional consultations with qualified informants.
See Appendices A-5, A-a and B-6 for guidelines.

3.4.2 Problems and Potentials at the Management Unit Level

Based mainly on intervie~s with qualified informants and existing surveys
or research reports, complete the following sections of Worksheet 3.4.
A separate Worksheet should be completed for each management unit type of
relevance to the D&D exercise.
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Failure to Meet Management Objectives

The aim here is to identify the major problems arising from the failure
of the management unit (whatever if may be) to meet its management
objectives (whatever they might be). In the case of household production
systetll$t the basic needs supply subsystems identified in Step 3.1
provide a checklist for a quick preliminary assessment of household
supply problems which will suffice for completion of this section. In
the case of other types of management units with different management
objectives, substitution or addition of other-objectives will be
necessary (e.g. non-household production units, forestry production or
watershed management units as discussed in the instructions for Step 3.1).

Productiori Constraints . "

Specify, if YJ1own, what major management constraints (e.g. low soil
fertility, lack of labour, poor erosion control, etc.) are responsible,
for the problems identified in the previous step (See Appendix B-6).

Outstanding Potentials for Overcoming the Identified Problems and
Constraints

It is not necessary to spend a great deal of time on this section since
this will be the main subject of the D&D field exercise. The aim here'
is simply to record existing thought on the most outstanding potentials
for improvement of the system.

3.5 Final Preparations for the Diagnostic Survey

Before the PrediagnosticWorking Group concludes its work in preparation
for the activities of the multidisciplinary D&D Field Team, the following
two items should be addressed.

3.5.1 Selection of P£presentative Management Units

Some-effort should be made to identify a selected sample of management units
which are broadly representative of the system(s) to be surveyed by the
multidisciplinary field team at the Diagno~tic Stage. A formal statistical
sample is not required, but a list of about 20 representative farms, or
other relevant management units, would aid the DoD team to gain a rapid
entry-into the diagnosis. A separate list should be prepared for each
distinct land use system selected for DoD attention in Step 2.4.

'Representativeness' should be interpreted broadly to include examples of
'typical' management units as well as other management units which
illustrate the range of significa~t variation within the selected system
(e.g. smaller, average and larger farms within the range of size variation

-for the system). The list is intended as an aid to the D&D team in planning
and giving an initial focus to its survey activities, although the Team may
elect to go beyond the working list to clarify any diagnostic questions
which may emerge in the course of the survey_

Worksheet 3.5.1 may be used to record the list of representative management
units. This list should be developed on the basis of prior consultation
with unit managers to check on the representativeness of the unit, as well
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as the manager's ~illingness to be interviewed. The Working Group should
avoid giving the impression. however, that the D&D Team will. without
fail, interview the selected farmer, since it may not be possible to
visit every farm on the list and, in any case, the D&D Team may decide
to modify the list in the course of the exercise.

3.5.2 Suggested Composition of the Multidisciplinary D&D Field Team

Based on the foregoing description of the selected land use system(s), the
Prediagnostic Working Group will have developed an appreciation of th~
types of problems and potentials likely to be encountered by the full
multidisciplinary field team during the course of the diagnostic survey.
This should allow them to identify the range of disciplines which should
be represented in the D&D Team in order to insure adequate coverage of the
selected land use system(s).

The exact requirements will vary from application to application, but
the minimal requirement should be for a team which is competant to
assess the likely biophysical and socioeconomic constraints and potentials
of the selected system(s). For logistical and management reasons.
however. it will be difficult to work with a D&D Field Team composed of
more than five or six senior scientific personnel. It may be possible to
economise somewhat on personnel resources by recruiting individuals who
combine expertise in more than one discipline. but this should generally
not be done at the expense of adequate disciplinary coverage of known or
suspected aspects of the field situation which are likely to prove
crucial for an accurate diagnosis.

In addition to the disciplinary requirements, the team should include at
least one member with experience in field survey and informal interview
methods as well as a person with in-depth knowledge of the study area,
i.e. not just theoretical knowledge but a practical working familiarity
with the area and its inhabitants. These could be, but need not be. the
same person. The local expert need not be a senior scientific member of
the team; a local research assistant or technician with a good knowledge
of the area could be recruited for this role. In any case t someone will be
needed to serve as local guide.

If langugage interpretation is required, two or three interpreters may
be needed (since the field team may elect, after an initial period. to
split up into smaller survey groups). These need not be professional
interpreters, but it is important to select individuals who are able to
interpret technical questions and answers in an unbiased way. Social
dimensions of the interview situation should be considered in selecting
interpreters. (Are women needed to talk to women? Are there ethnic or
casteconsidcrations that will affect the willingness of the farmer to be
interviewed or the quality of the information he or she givQS to the team?).

Although the composition of the multidisciplinary team will be heavily
influenced by the needs of the Diagnostic Survey. some thought should
also be given to the post-diagnostic Design Phase. Normally, best design
results will be obtained if the technology design specialists are able
to participate in the diagnostic survey. Ideally, it would be the same
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core team that would participate from beginning toend~ However, it may
be desirable to supplement the core D&D team, once the general design
requirements are known (following Step 6), by experts in particular
aspects of relevant technology who, for various reasons, may not have
been involved in the diagnostic field work. It~ll be impossible, at
this early planning stage, to say exactly which types of supplementary
expertise might be required,. but it could be useful.ilt this stage to
identify individuals who would be willing to be members of a multi
disciplinary backup pool.

The space provided in Worksheet 3.5.2 may be used to record the
suggestions of the Working Group. This concludes the Prediagnostic.·
Stage. .... :. . . ,.. ,. .

'.', ,

. ;;'



DIAGNOSTIC STAGE

PURPOSE: the purpose of the Diagnostic Stage is to arrive at,a
diagnosis of the problams and potentials of the chosen.land
use system and to use ~~is as a basis for derivation of dasign
specifications for appropriate technological interventions in
the system or its environment.

PERSONNEL: Normally a high level multidisciplinary team, reflecting
the discplinary compatance to handle all likely aspects of
the diagnostic situation, will be the preferred way of meeting
the personnel requirements of this stage. In some cases a
smaller interdisciplinary working group, in consultation with a
multi~iscipl1n4ry backup pool, may be able to carry out the
diagnosis. Care should be taken to insure that the composition
of the D&D Field Team is adequate to cover the socioeconomic as
well as the biophysical aspects of the diagnostic situation.
If at all possible, it is highly advisable in research-oriented
applications to involve the eventual researchers directly in the
diagnostic process as members of the D&D Field Team.ldea~ly.. the
same group thnt does the diagnosis should carry through with the
Design Stage activities as well. For logistical and management
reasons the size of the D&D Team should not normally exceed
five or six individuals. Beyond this size communication and
coordination within the group becomes difficult. TIle success of
the group' process will be enhanced by selected of team members
with a high aptitude for teamw~rk.

SOURCES OF INFORMATION: Area reconnaissance and diagnostic survey
of representative management units within the selected system(s),
suppleaented by information compiled at the Prediagnostic Stage.

SUGGESTED PROCEDURES:

Step 4.

Step 5.

Step 6.

Diagnostic Survey

Diagr~stic Analysis

Derivation of Specifications for Appropriate Technology
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GENERAL GUIDELINES

The aim of the Diagnostic Stage is to arrive at an.appreciation of the
problems and potentials of the target land use system and its environment and
to use this information as a basis for the derivation of design specifications
for appropriate technological interventions. To facilitate this activity
the suggested procedure for information gathering and analysis has been
broken down into three Steps and further divided into substeps. Not all of
the suggestions contained in the following gUidelines and the accompanying
appendix material will be relevant to each application. The user is
encouraged to use the methodology flexibly and to select and adapt the suggested
procedures to meet the needs and resources of the specific application.

SPECIFIC PROCEDURAL SOOGESTICJIlS

STEP 4. DIAGNOSTIC SURVEY

This step is subdivided in~o two parts. The first is intended to allow the
D&D field team to obtain a general environmental orientation to the study
area, to view the target system(s) in context, and to plan the remainder of' the
survey. The second part focuses in more closely on the diagnosis of system
problema and potentials through survey of a selected sample of representative
management units.

4.1 Orientation and Reconnaissance

Once the D&D field team is assembled in the study area. the first steps to be
taken are to review the Prediagnostic background material, if this has not
already been done, and to take a reconnaissance tour of the study area.
A motor vehicle will normally be used for this vindshield survey' but
frequent stops should be made to allow the team members to view the landscape.
visit representative management units, have informal discussions with local
residents, and in general begin to develop a feel for the. area. It is
advisable to include in the reconnaissance survey party local guides,
interpreters, and researchers or technicians familiar with the area. These
persons may themselves be sources of information on the area and may also
serve as intermediaries, assisting the team to obtain information'directly
from local farmers and qualified informants.

General guidelines for environmental observations at this stage are given in
Appendix B-1. Supplemental suggestions are given in other appendices for
forestry (A-7) and watershed (A-B) applications and for description and
possible stratification of the human ecosystem (A-5) for D&D purposes. A
general familiarity with the purpose and content of succeeding steps will also
aid the team in making observations which may be relevant to the tasks ahead.

Minimally, the team should use the opportunity of the reconnaissance survey
to interpret and, if necessary, refine the Prediagnostic description of the
area. Notes may be made on the worksheets~ if these have been used, or
alternately it might be useful for each team member to have a blank set of
prediagnostic worksheets for supplementary note taking as the exercise
progresses. Maps~ air photos and other sources of supplementary information
should also be available for consultation throughout the reconnaissance survey.
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The amount of time devoted to this initial orientation and reconnaissance
activity will vary. but normally one to three days at the most will be
sufficient in 'rapid appraisal' type applications. The process of
environmental observation will continue throu~lout the survey of repre
sentative management units, so not too much time should be lost before
starting the unit level survey. The important thing, always, is to view
the management units in aontext.

At the end of the reconnaissance period the full D&D team should meet
to discuss its observations, make any necessary additions to or modifications
of the Prediagnostic descriptiori, and develop a plan of action·for carrying
out the remainder of the survey. Among other things, the team should
review the suggested procedures and decide exactly how the team will proceed
(i.e. which procedures to apply, at what level of detail, what modifications
might be necessary to adapt specific procedures to the situation at hand,
etc.). Once agreed upon, the implementation plan which the team develops
at this pointwi11 become the 'blueprint' for the exercise. Although the
plan may be modified, of course, as the exercise progresses, in coordinating
individual efforts toward a coherent interdisciplinary exercise it will
generally be found useful to have some'such plan,which everyone agrees to
follow.

4.2 Survey of Representative Management Units

General Guidelines

Having gotten an orientation to the general environment, the focus now shifts
to the diagnosis of problems, constraints and potentials of the lsnduse 
system(s) selected for priority D&D attention in Step 2.

Using the 1ist(s) of representative management units prOVided by the
Prediagnostic Working Group in Worksheet 3.5, the D&D Field Team chooses' a
set -'of management units to survey each day. It· is advisable to· keep the
team together during the first few days of the survey of each system in
order to build up a ,shared image of the system, but in the latter part of
the survey the team·may elect· to split up into smaller survey parties to
cover a larger sample of management units or'to focus in on problems·
requiring specialized attention.

Each night the survey team assembles· to discuss the results of the day's'
survey work, sharing information and building up an increasingly clear
picture of the problems, constraints and potentials of the focal land use
system(s). The team may begin to use the analytical Worksheets accompanying
Step 5 as "note paper fl to record tentative findings. Problems requiring
more concentrated attention are identified and the following day's sample
selected accordingly. The process is analogous to detective work, i.e.
using the clues provided to zero in on the major problems and constraints.

It is-essential that the survey information be digested and understood as
the team goes along, since this is the only way· the team will be able to
focus in on aspects of the situation needing further attention.
Statistical rigor is far less important, in the final analysis, than achieving
a satisfactory sense of having wu1erstood the situation. The team will
know where the weaknesses are in its understanding and the survey process
'should be continuously adjusted to correct these weaknesses~ The proper
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place for rigor in this type of survey is in the understanding which is
being build up rather than in adherence to a mechanical procedure for
achieving this understanding.

Midway through the survey of a particular system the team may feel that
it is necessary to take a morni~g off, or even a full day, from the
survey work to summarize the results obtained 90 far and catch up on the
analysis. It is far better to devote enough time to the analysis than to
rush on with the aim of surveying a larger sample. Variations on the
main diagnostic themes can be dealt with later through more formal
survey·procedures infollowUp'activities, but this will be possible only
if the multidisciplinary team takes the time to lDiderstandthe main .
themes while it is still in the field. The temptation to rush ahead
accumulating completed survey forms with the idea that 'we can analyse
them later' should he thrictly avoided.

Specific Guidelines

Guidelines on diagnostic interviews for agroforestry purposes are given
in Appendix B-2. A sample diagnostic survey form, based on a compilation
of previous survey forms used by ICRAF's D&D.team, is given in Appendix·
B-3. This sample checklist and data entry form can be used flexibly as
a basis for developing the team's own working cheokZist which is appropriate
to the land use system(s) to be diagnosed. Although the sample survey form
is intended to be widely applicable. some modifications may be needed to
adapt it to the local situation. In preparing an appropriate survey form,
the team may find it useful to consult Steps 5 and 6 to clarify the kind
of information that will be needed for later analytical steps (see also
Appendices A-S through A-9and B-1 through B-9).

The working checklist (B-3) is intended to be used as a 'prompt' to guide
the interviewer through the survey process in a flexible manner. It is
not·a questionnaire to be read out to the person being interviewed.· This
reflects a deliberate methodological tactic based on two conSiderations:
In the first place, this survey includes non-interview aspects ,direct'
observations to be made by the D&O Field Team. Secondly, a checklist
rather than a questionnaire format is more conducive to a smooth flow of
communication with the farmer. Equiped with a checklist to remind them of
what points to cover, the interviewers are encouraged to use·maximum
ingenuity and conversational skills to elicit the required information
from the relevant respondents. This typ~ of structured but open-ended
survey procedure'is best accomplished by senior scientific personnel
(rather than junior level 'enumerators'), since it requires considerable
skill and' judgement in the elicitation and interpretation of information.
(See Appendix B-2 fo~ suggested interview techniques and guidelines.)

Special care should be taken to address the team's queries to the most
relevant and knowledgeable person within themanag~ment unit. Men, women
children may each have different roles with regard to management decisions
and production activities on the farm. Try to address the questions on
particular aspects to the responsible persons. For example. 1¥'cmen may
be more involved with and know more about firewood than men; men may be
specialised on cash crop production. whereas women may have greater
responsibility for food production; women may have supplementary cash
cropping or processing enterprises about which the men may ,know, very little,
and vice-versa; children may have ma10r responsibility for certain
activities like herding, etc.
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After a few days survey work~ the team may begin to feel that it has
identified the major problems and that the need is now to focus in on
these problems and speed up the survey process somewhat to cover a. "

larger sample of farms. If the team 80 decide8~ the survey checklist
may be streamlined to focus on the problem subsystems and related causal
faceors. Care should be taken, however, to remain open to 'surprises'
which may emerge from survey of subsequent units. ..

At all times in this kind of survey work, the team should trj to
'follow its nose.' Somehow, the image of Sherlock Holmes, the roaster
detective, always comes to mind in D&D survey work~ It is, perhaps,
a useful image to help keep the team on the case.

The survey exercise continues until the tenm feels that it has developed
a sufficient diagnostic understanding of the selected land useaystem(s)
to complete the analytical Workshe~ts (5.1-6.4). ObViously, in a time
limited D&D exercise the criterion of 'sufficient information' must be
interpreted pragmatically. Generally, however, the team will reach the
point where it feels that further survey will not add appreciably to its
understanding of the system. "At this point the Diagnostic Survey may
be terminated, although the team retains the option of resuming limited
survey activities to clarify critical que~tions of diagnosis and/or,

. particularly, design (see Step 9.1).

STEP 5•. DIAGNOSTIC ANALYSIS

Although the analysis of diagnostic findings is a continuous, iterative
process which has been ongoing throughout the survey period, the time
will come for the team to pull all of its findings (recorded on the
checklist forms) together, complete the analytical Steps 5.1-5.3, reach
a consensus and record the results. One or more sets of Worksheets
might be used as 'note paper' by the team in reaching the eventual
consensus. Another set of Worksheets could then be used to record .the
findings in an orderly and final form. The team may elect a 'rapporteur'
to take responsibility for recording the 'official' version of the
Workshep-ts. A separate set of Worksheets should be'c9mpleted for each
separate land use system being diagnosed.

In the step by step guidelines which follow, Steps 5.1 and 5.2 focus on
the diagnosis of problems at the management unit (farm) level. Step 5.3
deals with problems at the ecosystem or community level. Step 6
integrates the diagnostic findings at both levels and arrives at a set
of general design specifications for appropriate technological
interventions in the system.

5.1 Analysis of Production Problems

For'reasons of completeness and convenience, the analysis of production
problems at the management unit level may be broken down into four
substeps, corresponding to Worksheet sections 5.1.1-5.1.4.

·5.1.1 Present Supply Problems

The purpose of this Step (which corresponds to Prediagnostic Step 3.4.
but at a deeper level of analysis made possible by the Diagnostic Survey),
is to record the major problems experienced by the management unit in
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meeting its production objectives. In most cases the symptoms will be
in the nature of supply problems~ i.e. shortfalls of basic commodities
brought about by the failure of the management unit to meet its production
objectives.

To complete section 5.1.1, simply indicate the nature of the major
diagnosed supply problems together with a note on the farmer's perception
of the severity of each problem. The problems could conveniently be
listed in order of priority for solution in the farmer's thinking. A
certain amount of aggregation of the survey findings will be necessary.
It may be best to think in terms of the 'typical farm' for a given land
use system, while taking care not to lose sight of 'typical variations'
from the norm. The aim is to arrive at a system-specific, but not farm
specific, diagnosis, which will be of use "in identifying priorities for
technological improvements in a somewhat 'generalized" system of a given
t~:pe.

If the management unit is other than the household, or equivalentmulti~

purpose production unit, the basic needs categories may not directly apply
and, consequently, problems in meeting management objectives will have to
be assessed in other terms, i.e. those previously defined by the
Prediagnostic Working Group in Step 3.1. In any case, the purpose of this
step is to describe the major problems involved in the failure of the
management unit (whatever it might be) to meet its management objectives
(whatever they might be). A separate copy of the Worksheet should be completed
for each separate land use system being diagnosed t incorporating any
necessary modifications in the suggested categories.

5.1.2 Causal Factors a~d Constraints Involved in the Creation of Present
Supply ProblW'..8

The findings of the trouble-shooting analysis carried out on site in the.
course of the survey of management units should now be summarised in
section 5.1.2 of the Worksheet. A simple listing of all causal factors
and constraints which are considered to h~ve a significant role in the
generation of the identified supply problems t¥.lll suffice at this poInt.
There may be SOme discussion on what is to be considered a 'significant'
causal factor or constraint, but the teeJn should not at this stage spend
much time trying to sort out relationships between causes since this will be
done at Step 5.1.4.

5.1.3 Household Strategies for Coping with the Identified Problems and
Constraints

Summarize briefly what the team has learned about how unit managers try to
cope with identified problems (e.g. purchase of staple foods or firewood
to make up for production shortfalls) and constraints (e.g. crop rotation t

use of farmyard manure, purchase of fertilizer~ etc. to cope with low soil
fertility). The purpose of the notes entered into section 5.1.3 of the
Worksheet at this point is to bring the farmers' strategies momentarily
to the forefront of the team'a thinking in order to fix them in the mental
background of all subsequent analytical steps. This will become particularly
relevant in assessing the farmers' potential responses to technological
innovations, but it is also helpful in throwing additional light on the
nature of the problems they are facing.
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5.1.4 Systems Analysis of Constraints and Potentials

The activities of this step are called 'systems' analysis because it is
here that the various elements of the total problematique are considered
as a whole, with particular attention to interrelationships among the·
elements. This step is the heart of the diagnosis.

By now the team will have achieved an appreciation of the many factors
(listed in Worksheet section 5.1.2) involved in the causation of the
identified performance problems (listed in section 5.1.1). It remains.
now to organize that understanding. In doing this the team mustwe1gh
the various factors, explore that interrelationships among them, and
identify the critical constraints, bottlenecks and causal syndromes in the
pattern thuB revealed.

Two diagramming techniques are recommended to aid the team in carrying out
the systems analysis required for this step: aausaz, diagramming and
funati~uzZ diag~ng (see introduction to these techniques in
AppendicesB-7 and:B-8, respectively).

Causal Diagramming

When used judiciously as a tool in analyzing relationships among caussl
factors, causal diagramming has been found in previous D&D applications
to be very useful, particularly when it comes to removing impasses to a
team consen~us on the analysis of the total problematique.

Different team members may have different perceptions of what is the
problem or what is the cause of a particular problem. Usually, the
often lengthy and heated discussions which can arise over this issue are
pointless, since, as the list produced for Worksheet 5.1.2 will indicate,
there may be many contributing causes to any problem. What is needed at
this Btep is to sort out the various relationships among causal factors,
and this is precisely what a causal diagram can do.

An additional value of the technique is the stimulus a causal diagram can
give to the team's perception of potential intervention points within the
system where specific technologies may have an effect in removing or
reducing constraints. causal diagramming, thus, provides a bridge between
diagnosis and design. What is learned by this technique about the
functional potentials inherent within the system for problem-solving
interventions comes into the design specifications in Step 6.

Functional Diagramming

Functional diagrams are, likewise, an aid to arriving at an Understanding
of system functioning which may be used in conjunction with causal
diagramming. The particular use of a functional diagram is to show, not
so much causal connections between aspects of a problem,as fl,oz.1s of'
concrete inputs and outputs between components of the system. Such a
diagram may be useful in visualizing 'how the system works' and this may
be helpful in arriving at a better understanding of system problems.
Functional diagramming is recommended mainly as an adjunct to the use of
causal diagramming at this step, since the main purpose of the step is to
arrive at a causal understanding of system problems. If structural-functional
diagramming may be helpful in this respect, then its usc is,recommended.
(It has another use as well, at the Design Stage, in thinking through the
probable effects of particular technological innovations).
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In both cases what is recommended is a judiaious use of the respective
diagramming techniques. While it is possible to construct complete causal
and functional diagrams of the entiPe land use problematique, it may not
be helpful to do so since complete diagrams are normally too complex to
be of much practical value as an aid to understanding. Several partial
diagrams to assist the team in clarifying specific aspects of the general
problematique might be .more useful than one monstrous diagram.

Whatever analytical techniques are finally used to aid the D&D team to
discover and develop a clear representation of the major causal
relationships involved in the generation of the diagnosed problems, the
final analysis should pinpoint the important limiting constraints and causal
syndvDmes. A constraint is any factor which limits or reduces the
effectiveness of the production subsystem in achieving its objectives.
A syndrome is any set of causal relationships which reveals how a
problem, constraint or degradation process arises within the system. When
using causal diagrams some syndromes may be easily recognized by the
presence of positive or negative feedback loops which reveal how
degradation processes or constraints are generated and perpetuated within
the system.

Once this analysis is completed, the results should be recorded, either in
the form of a causal diagram (supplemented by a functional diagram if
helpful) or some other clear> and unambiguo1..l.s r>epresentation of the major
constraints and causal syndromes~ together with written explanatory notes~

The space provided in Worksheet 5.1.4. may be used for this purpose, adding
additional pages as necessary to adequately document the major diagnostic
findings.

The general outlines of potential interventions will already start to
emerge from this analysis of the problem complex. Team members may note
potentials which occur to them in the course of the diagnostic analysis,
but it would be conducive to a more objective consideration of a wider
range of potential interventions if the team defers detailed consideration
of potentials until Step 6, when the full analysis of system needs and
problems will have been completed.

5.2 Assessment of Sustaillsbility Problem.<;

The £oregoinganalysis focuses on present production problems, but it is
important also to consider the future productivity or 8ustainabiZity of
the focal land use system(s). To elaborate on the medical analogy,
having diagnosed present constraints and syndromes, the team should now
come up with a prognosis for the system, i.e. a prediction of futuPe
system pepfor.manae. Tntsinyolves examining trends inherent in the
system (either present trends or likely future trends), extrapolating them

I .

into the future and anticipating what problems the system will have in
meeting its objectives at the future date.

Two distinct kinds of factors ~ust be considered in making this assessment:

1) conservation problems and degradation trends affecting the ability of
the resource base to support a given level of production demand
(see Appendices A-8, A~lO, B-5 and B-6)
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2) the level of demand likely to be placed on the system in future
(see below)

The exercise consists basically of imagining how the system will respond
under different assumptions about relevant aspects of these two sets of
factors. In making the assessment, relevant information is drawn from
all preceedi~g steps.

The level of population pressure will, obviously, play an important role
in determining the level of future demand on the system, but population
pressure alone may not be responsible for all degradation processes in
the system (some might be the result of improper land use per se).The
team should decide which of the follow:l.ng scenarios are relevant to
consider:

1) "If present trends continue •••• " (This is simply an extrapolation into
the future of present trends vis-a-vis both the above sets of factors.··
It may incidentally cover one of the following population pressure
scenarios.)

2) Constant population pressure scenario. (Assuming that the current
level of population pressure is maintained, i.e. that population growth
and outmigration cancel each other out.)

3) Increasing population pressure scenario. (Assuming that there is
a net increase in population in the study area. The present rate of
population growth would be covered under scenario HI above, but it
might be useful to consider the effects of higher or lower rates of
increase, if there is reason to believe that either of these conditions
might obtain.)

4) Decreasing population pressure scenario. (Assuming that there is
a net decrease in population due to outmigration or other demographic
processes, what effects would this have on the system?)

One useful way of proceeding would be to examine the diagram(s) produced
in Step 5.1.4 and try to visualize how the system would respond to the
various scenarios. For example, under the increasing population pressure
scenario it would be relevant to ask: What present problems would be
intensified? What new p~oblems would emerge? How might the farmer respond
to these conditions? Would the system be expected to break down
altogether. or might it stabilise at some low-level equilibrium?

The results of the team's deliberations at this step may be noted in
Worksheet' 5.2. They will be helpful at a later point (Steps 6.1 and 8) in
deciding on a design strategy.

5.3 Assessment of Problems and Potentials at the Ecosystem/Community Level

The rationale for a separate assessment of problems and potentials at
the ecosystem and/or community level stema from the fact that they may
be different from those identified at the individual farm or
management unit level. For example, it may be the case that the cause
of a problem on one farm may arise on another, or that the farm in
question is exporting problems to its n~ighbours, or that the origin of
a problem cannot be attributed to a specific management unit or land use
system at all, but arises instead as a condition of the ecosystem as a
whole, or as the result of processesoccuring on the boundaries between
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management units or systems (e.g. gully erosion along roadsides or in the
spaces between farms). Moreover, even where problems can be attributed
exclusively to one land use system, potential solutions to these problems
may exist in other systems or geographic subdivisions of the study area
or the wider environment. For these reasons, although each distinct land
use system should receive its own diagnosis, it is necessary to go beyond
the system-specific concerns of sections 5.1 and 5.2 above in order to
complete the diagnosis of problems and potentials.

This task may be broken down, for convenience, into two parts as follows:

5.3.1 Distribution of Production Problems and Potentials

As at the farm level. problems and potentials are related to productivity,
Bustainability and distribution, and can be subdivided in accordance with
the basic needs categories: food, water, fuel, shelter, raw materials
for cottage industry, cash, savings/investment, and social production and
expenditure. Problems and potentials can be inferred in large part from the
completed checklists for structure and function of the human ecosystem
(Appendix A-S, part 1, checklists 1 and 2), supplemented by observations
and interview information arising. from the Diagnostic Survey.

To integrate the diagnosis at the ecosystem/community level, the
incidence of problems should be linked to the land use system, the
geographic location and/or the population group in which the problem
symptoms are felt. The problem specification should indicate which of
the basic needs are affected and what are the immediate or apparent causes
of the problem. Is the cause a oondition of the ecosystem as a whole or
can it be attributed to a source? If so, is the source within or outside
the local ecosystem/community? If inside, locate the source area, land
use system, source activity and associated population group (if pertinent).
An example of a problem originating outside the ecosystemis a falling
regional market price for local cash crops. A problem endemic to the
ecosystem could be crop failures caused by erratic rainfall. An example
of a problem caused by a process that can be located at a particular source
ia erosion of cropland caused by heavy runoff from upstream grazing areas.

Having identified the problems and assigned them to sources, the next
step is to consider potentials, either for solving the identified problems
or for realizing special opportunities for increased production of
certain outputs in particular parts of the ecosystem (gee Appendix B-9
for guidelines on a general assessment of resource potentials and limitations) •
.Finally, the exercise is concluded by comparing problems and potentials.
in different subdivisions of the local ecosystem/communi~y to determine
whether there are any problem-solving linkages to be made, which would
suggest.an integrated ecosystem/community level approach to design.

Detailed guidelines for this type of analysis are giv~n in Appendix A~5

(part 2) along with an example of the identification of design potentials
in one land use system to solve problems in another. The results of such
an analysis may be recorded on Worksheet 5.3.1.
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5.3.2 Larger-than-Farm Scale Conservation Problems

The other, complementary, use of ecosystem scale diagnosis is to identify
significant conservation problems and potentials which exist either
outside the boundaries of particular land use systems, or which exist
within the land use system butj for one reason or another~; do not
emerge prominently from the unit level diagnosis. The example of erosion
gullies between farms or along roadways has already been cited. Other
examples might include overgrazing of common lands, deforestation of
public watersheds, siltation of water courses, etc. Even where the causes
of such proble~ are at least partially attributable to particular land
use systems within the study area, complete solutions may require a latger
than-farm level approach to design.

Detailed guidelines are given in the Appendix for assessment of land
management problems and degradation hazards in general (B-6) and ~atershed

management problems in particular (A~8). The aim here is to supplement
the system-specific diagnosis of conservation problems and potentials ,.
(vis-a-vis the sustainability of production systems at the unit management
level) with an assessment of problems and potentials within the ecosystem
at large.

Results may be entered in the space provided in Worksheet 5~3.2.

STEP 6. DERIVATION OF SPECIFICATIONS FOR APPROPRIATE TECHNOLOGY

This is the final and most integrative step of the Diagnostic Stage. It
is here that the desigm implications of all preceeding steps (including
those of the Prediagnostic Stage) are analysed and spelled out in terms
of a complete set of design specifications for appropriate technology.
To insure full treatment of all important design considerations, this step
has been broken down into four Bubsteps. The notes entered in the
corresponding Worksheets (6.1 - 6.4) will, collectivelYt constitute
the terms of reference for subsequent design activities. That is to say,
they will define the design probZem to be tackled by the team at the
Design Stage.

6.1 Development Strategy

Before commencing on the actual design of technologies for improvement
of thed:Lagnosed land use systems t it is imperative that the team come
to a general consensus on three overriding questions:

1) What is the appropriate scale for design activities? ,

'2) What. general approach to take in developing existing land use
systems?

.c

3) How to deal with the time dimension in agroforestry design?

These questions involve certain interrelated issues which, once resolved,
would tend to define the general design strategy for the area,
thereby giviug shape to subsequent design thinking. It is unlikely that
these issues can be completely resolved before getting down to the
detailed design work (Step 7), but at least a preliminary level of agreement
on the general approach should be reached before commencing the Design
Stage. The design strategy can always be amended to accord with new
possibilities arising from the detailed design work.
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What is the Appropriate Scale fo~ Design Activities?

As a general rule, we have said tllatdesign of appropriate technologies
should be thought of, in the first instance, as a system-specific exercise.
This is to insure greater'relevance of the eventual technologies to the
actual needs and potentials of existing land use systems. In Borne cases,
however, a larger scale design approach may be called for to deal with
problems or potentials arising within the ecosystem or community at large.
Indications of the need for supplementary 'larger-than-farm' scale
design are the major output of Step 5.3. Departures from the management
unit or system~scale focus toward smaller scale designs might' also
be required to deal with problems associated with the intra-household
distribution of labour or production opportunities (e.g. women's cash
crop or processing enterprises).

A project has been initiated at ICRAF to systematically investigate the
role of scale factors in agroforestry diagnosis and design, and to develop
suggested guidelines to aid in resolving questions regarding the
appropriate scale ot agroforestry interventions (Rocheleau, 1983). These
will be made available in due course in the form of Working Papers and
updated versions of the present manual. In the meantime, it may suffice
to simply be aware of the possibility of different scales of design to
address different needs and potentials within the diagnosed area.

What General Approach to Take in Developing the System?

The options can be succintly stated as follows:

a) improving vs. transforming approach

b) problem-solVing vs.potential realizing approach

Neither of the8e issues necessarily involve mutually exclusive options,
but thinking of then as Ipartial optional helps clarify important
differences in emphasis which could le~d to radically different designs.
The first issue is whether it is beat to take a design approach which
aims at making discrete technical interventions in the system to bring
about incremental impruvements, or whether the approach should aim at
total transformation or substitution of the existing system by a new
system of land use.

Generally speaking~ experience has tended to indicate that total system
transformation is rarely acceptable to farmers. On the whole, small
scale, traditional land users are far more likely to respond favourably
to incremental improvements in their existing system. Since the
'adoptability" criterion in technology design will, in the final analysis,
be the determining one with regard to the practical impact of an
otherwise good design, as a first principle of design, preference should
be given to an 'improving' approach (Torres, 1980; Raintree, 1983).
(SeeAppend~x C~l).

This injunction does not stand without qualification, however. There are
situations in which a 'transforming f approach to design may be indicated;
notably, when dealing with modern, commercialized farmers who have
demonstrated a willingness in the past to adopt· innovations which have
resulted in major changes in their pattern of land use, .01' when dealing
with traditional systems that have been stressed to the breaking point and
in which there is simply not much scope for improvements based on the
traditional w~y of doing things.
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As previously stated, the two approaches are not mutually exclusive.
For example, in the case of a worn out traditional system where a
transforming approach may be indicated, the designers can still try to
incorporate familiar elements of the.old system into the design for the
new one. It is psychologically important, for a good rate of adoption,
to give the farmers something they can relate to.

In general, traditional farmers will be more susceptible to a transforming
approach to cash crop rather than subsistence food production. Only in
extreme eases, should the team contemplate a design which changes· •.
the basic production objectives of the management unit with respect to
food crops grown for home consumption. Food habits are notoriously hard
to change; although, in historical perspective, most of the major food

.crops now grown in the world present local introductions from past ages
of exploration and contact. But the modern situation took along time.
to bring about.

On the related issue of whether to aim at providing solutions to existing
problems or whether to try to realise inherent potentials within the
system for more optimum use of existing resources, the conservative,
adoption-oriented strategy would tend to favour the problem-solving
approach. In general, farmers are more likely to respond favourably to
technologies which offer solutions to perceived problems than to those
which do not. Again, the two strategies are not mutually exclusive. A
good overall design might incorporate elements of both. Nevertheless, to
maximize the chances of awakening the farmer's interest in adopting the
new technologYt perceived problem-solving elements should be incorporated
into the design. Once the main 'selling points' have, been included in the
design,. there is no reason, given the extreme design flexibility of
multipu~pose agroforestry trees and production systems, ~hy additional
design elements cannot be incorporated. These might address unperceived
problems, or problems with a low priority for solution in the farmer's
thinking, or perhaps latent resource potentials of the system. (See
Appendix C-2 for further notes on multipurpose design strategies.)

How to Deal with the Time Dimension in Design?

The main issue here is: statio VB •. dynamic design. Agroforestry systems
are likely to be a long time on the ground. Once land is committed to a
specific form of land use involving long-lived trees, the system cannot
be lightly changed. Moreover, ea certain amount of research and development
work is likely to be necessary before most agroforestry technologies are
ready for dissemination to potential users. It 'Would be a disappointing
use of resources to spend five or ten years perfecting a new agroforestry
technology, only to discover that in the meantime the target system had
changed sorouch as to render the design obsolete. For these reasons it is
necessary to give adequate thought· to the time dimension in agroforestry
and to favour, whenever possible, a dymanic approach to design.

Minimally, a dynamic design approach would involve taking account of the
trends and sustainability problems inherent in the system (viewed in the
context of its wider environment) and at least attempting to insure that
the technologies envisaged teave scope for developments which may become
necessary or desirable in the future. A more complete approach to dynam1.c
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land use design would involve actually designing a stepwise series of
technology' developments for the system. Obviously, this would be a much
more ambitious design undertaking, but perhaps the effort ~ould be
worthwhile in some cases. Although it is difficult, at present, to give
examples of proven agroforestry design which demonstrate this stepwise
approach, some general design principles can be suggested (See Appendix C-3).

One of the possibilities which a dynamic approach to design would tend to
open up is that of a phased introduction of both problem-solving and
potential-realizing technologies, i.e. first the problem-solving .
technologies and then, once the system has been stabilised, technologies
which realise higher potentials for improved resource use could be added.
A useful principle to keep in mind in all of these considerations is the
fact; as .Collinson (1981) has expressed it, that the existing syste'm is the
base upon which changes can be most successfully grafted.

To complete the step, the team should record the conclusions of its
deliberations on the above issues in the space provided in Worksheet 6.1.
Brief notes, indicating the team's recommendations and rationale with
respect to a general strategy for development of the target systems/area
will suffice as a basis for further design thinking. It should be
recognised, of course, that once the team has actually embarked on the
formal design exercise, many ideas may emerge on technical options for
implementing the general design strategy and that these concrete ideas
may prompt the team to reinterpret or reformulate the development strategy.

6.2 Functional Potentials for Problem-Solving Interventions

Based on the proceeding analysis of present supply problems, production
constraints, causal syndromes and £a~er strategies together with the
team's assessment of sustainabi1ity problems and bearing in mind the
problems in the wider ecosystem (Step 5) and the general development
strategy for the system (Step 6.1), the next step is to identify poiuts
within the system where interventions might be made to remove, reduce or
by-pass constraints, alleviate detrimental syndromes, and solve or
mitigate supply problems. The perception of these intervention points
will naturally come simultaneously with the perception of the funationaZ
nature of the interventions at each point.

As previously noted, a causal diagram of the system problematique can be
an excellent aid to this process. If a causal diagram haa been produced,
the team simply studies the diagram and, for each node in the causal net
work, asks such questions as: Can we think of anything that could be done
to remove, reduce or by-pass this constraint? ~fuat would be the
functional nature of a constraint-reducing intervention? What does this
tell us about the functional needs of the system at this point and, hence,
the functional potentials for technology interventions? Particular attention
should be given to in.terventions which could reduce the effects of the
major problem-causing syndromes within the system. Attention should a~so

be given to functional potentials for the solution of problems (identified
in Step 5.3) which· exist within the wider ecosystemic environment of the
focal system(s). .

The above questions will bring the team very close to thinking about the
specifics of design, but the full benefit of the team's diagnostic
preparations will only be realised if it can restrain the design imagination
just a little while longer. This means keeping the suggestions abstract
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rather than going directly to concrete technological alternatives at this
point. Only if the thinking about functional potentials is couched in
broad~ abstract terms will the team be able to appreciate the full range
of functional -alternatives. Once the jump is made to concrete technological
suggestions, the discussion will take on a very lively dynamic of its
own which might tend to obscure some of the less obvious, but no less
interesting, alternatives. In other words, the interventions should be
expressed abstractly in terms of funation8~ rather than concretely in
terms of teahlloZ.ogie8~ at this point.

Once the team has exhausted all the thinkable possibilities for functional
interventions in the system, these should be loosely prioritized, and
listed as functional speaifiaations for problem-solving technologies in
Worksheet 6.2. Some selectivity and judgement should be exercised at
this point (Le. the team should not list trivial interventions), but
the general tone of the thinking should not be overly critical just yet.
The purpose of this step, after all, is to begin to open up thinking
about alternatives (including non-agroforestry alternatives). The time
for critical assessment will come later.

6.3 Potentials for Improved used of Resources

Drawing on environmental and economic information gathered from previous
Prediagnostic and Diagnostic Steps (1-5), the focus at this step is
on deriving design specifications for improved used of existing or
introduced resources (e.g. new crops more Buited to the land qualities
of the area', alternative uses of land or labour resources, etc.). The
discussion of land evaluation methods in Appendix B-9 may be helpful in
thinking through the biophysical potentials of the area. Insights into
potentials of a more socioeconomic nature (e.g. more efficient use of
labour) will mainly come from the Diagnostic Survey. Economic potentials
for new crops or increased production of existing crops may be discovered
by reviewing information collected at Steps 1 and 4. Reference should be
made to the general development strategy (6.1) when,antertainlng
Buggestions for 'potential realizing' technology.

Notes on the team's conclusions may be entered in Worksheet 6.3. There
may be some overlap with the results of the previous step.

6.4 Possible Constraints on Candidate Technologies

Oue of the main advantages of a systematic diagnostic approach to agroforestry
(or non-agroforestry) design, is the increased probability of developing
good designs based on a complete set of design specifications. The
design specifications could not be considered complete however, if the
team fails to specify possible constraints inherent in the system on
potential technologies; hence, the need for this final pre-design step.

Needless to say, the assessment of potential constraints on new technology
at this step will be of a preliminary nature. since the team will not
yet have considered specific candidate technologies in detail. Once this
is done (in Step 7) a more focussed assessment of specific constraints
pertinent to the candidate technologies can be undertaken. The purpose of
this initial assessment is to identify the general aonatrainta which
would apply to any candidate technology, so as to give greater focus to
the initial design considerations (i.e. not to waste time on technological
suggestions which have little or no potential for fitting into the existing
system). It will always be possible to revise the assessment of constraints
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if, at a later point in the design process, it becomes apparent that the
deSign itself may change the pattern of constraints on candidate
'technologies.

Attention should be focused on assessing two different kinds of potential
constraints: reGou:t'oe constraints and intel'aationaZ o01'lstraints.

Resource constraints are those which may limit the suitability or the
performance of a candidate technology by virtue of the system's inability
to satisfy one or more of the resource requirements of the technology,
e.g. climatic or soil requirements, labour or capital requirements,
management skill, etc.

Interactional constraints are those which may limit the· suitability or.
performance of·a candidate technology by virtue of adverse interactions
with existing system components, e.g. faunal pests, a strong local
prejudice against the planting of trees on cropland, an unfavourable
interaction with labour requirements of existing enterprises at a
critical period in the establishment or operation of the new technology, etc.

As the last example indicates~ there is no absolute diving line between
the two types of constraints, since the unfavourable labour interaction
could also be categorised as a resource constraint. Nevertheless, there
are many possible constraints on candidate technologies which would be
hard to classify as resource constraints; for these·thecategory of
interactional constraints has been suggested. The point here is not to
come up with an airtight classification scheme but, rather. to avoid
overlooking any potentially significant constraints on new technologYt at
least as far as possible in this preliminary assessment. The proposed
categories should be used flexibly for this purpose.

Space is provided in Worksheet 6.4 to list the identified potential
constraints as additional (negative) specifications for appropriate
technologies. Completion of this Worksheet brings toa close the
Diagnostic Stage of the ~&D exercise.



DESIGN STAGE

OVERVIEW

PURPOSE: The purpose of thQ nes1gn Stage is to follow through on
"the diagnostically derived specifications to develop a general
design concept for an improved land use system and. where
possible, to develop in~tial 'best bet' designs for prototype
component technologies.

PERSONNEL: If at all possible, the same persons who participate
in the diagnostic exercise as part of the D&D Fi~ld Team should
carry through with the activities of "the Deaign Stage. These
may be supplemented by individualg with particular expertise
in relevant aspects of technology design, either by bringing
them into the D&D Toam at this point or by separate consultations.

SOURCES OF INFO~MATION: Output of design specifications from the
Diagnostic Stage, roview of relevent information in the body of
technical knowledge, and Team discussion.

SUGGESTED PROCEDURES:

Step 7.

Step 8.

Step 9.

Technology A?praisal

Technology Jesign

Design E~aluatlon
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GENERAL GUIDELINES

Up to this point in the D&D process the design imagination has been held
in clleck somewhat in order to insure adequate and objective diagnostic
preparation and to avoid the 'pet technology' syndrome. Now, on the
basis of a more-or-Iess complete set of diagnostically derived design
specifications, the technological imagination may finally be unleased.

The level of detail achieved in the design result will depend upon a
number of factors: the time and personnel resources available for the
D&D exercise, the number and complexity of land use systems addressed,
the specific nature of the technological potentials; the state of the
technology art, the availability of design information, etc. These and
other factors affecting the design result are discussed in the companion
volume to this document (ICRAF, 1983). In general, for 'rapid appraisal'
type applications, wherein the amount of time available for design work
may be severely limited, the aim of the multidisciplinary D&D Team should
be to develop initial design aonaepts, leaving the more detailed design
work to be addressed by a smaller working group in a later followup phase.

To give form and coherence to the design activities of the D&D Team, a
stepwise approach is suggested. The logical order of steps is:
Teahnol.ofJ1J App:raisaZ followed by TeohnoZo{f'J Design followed by Design
EvaZuation. For convenience and completeness a number of substeps have
been introduced. In most cases :reitepation of the procedural sequence
will be required to adjust the various design elements to eacll other
and produce a well-integrated overall design.

SPECIFIC PROCEDURAL SUGGESTIONS

STEP 7. TECHNOLOGY APPRAISAL

Logically and psychologically this step is conveniently broken down into
three substeps: Body of Knowledge Review~ Preliminary Identification
of Technological Alternatives, and Preliminary Appraisal of Alternatives.
The Body of Knowledge Review is a logical requirment, inasmuch as it: is
impossible to design technologies without reference to the body of
technological knowledge. The separation of the preliminary technology
identification and appraisal steps is a psychological tactic designed
to encourage a more complete consideration and listing of all potentially
interesting alternatives (both agroforestry and non-agroforestry) before
starting to evaluate critically and focus down to a more restricted set
of technologies for further design consideration. While it may be
psychologically helpful to follow this phased approach initially, it will
be obvious to the team in the course of the exercise that the three
substeps in Step 7 will have to be treated reitePatively~ i.e. the team
will probably find :l.t useful to return to the first step, after going
through the sequence oncc, to repeat the sequence again in order to
reconsider and refine the output. This applies to all activities at the
Design Stage.

7.1 Body of KnOWledge Review

The Body of Y~owledge Review is, obviously, a continuous process which is
carried on throughout the entire research and development cycle. The
extent to which a full review of existing knowledge can be accomplished
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in a time-limited D&D exercise is obviously limited. In most cases it
will be necessary to supplement the limited rapid appraisal review by
a more thorough information search at the post-D&D exercise Followup
Stage. The purpose of including a state of knowledge review as a
discrete step at the beginning of the Design process is to initiate
the revie~ process and to allow team members to prepare themselves to
make pertinent contributions to the next step of the design process.

Since the review process is likely to be a fairly unstructed kind of
activity., it may be best to allow each team member to pursue it
individually. In other words., it may be desirable to have an intermi
8sion in' gro\1~ work at this point(the length of which would depend on how
the exercise has been scheduled). Even in a time-constrained rapid
appraisal exercise. it would be useful to schedule a little 'free. time'
apart from the group discussion process to allow each team member to
digest the diagnostic results and review his sources of relevant
information in preparation for the resumption of interdisciplinary
discussions.

Since it would be difficult to document the results of this step., no
Worksheet is provided. Each team member simply carries forth the
results of his deliberations as part of his mental background to
subsequent designactivj.ties., along with any documentary materials he
may have assembled in the course of his review.

Sources of Information

In principle, there are no restrictions on the sources of information
which could be consulted at this step. Pragmatically, however, available
information may be quite limited., particularly in a rapid appraisal
field exercise. The body of knowledge on agroforestry-related land
management options and technologies is largely unorganized at present.
This is a problem which is being addressed by various programme
activities atICRAF (notably the Technology Programme., the Information
and Documentation Programme, and the Global Inventory of Agroforestry
Systems Project within the Systems Programme at IeRAP) as well as other
researchers and reviewers all around the world. Hopefully., the body
of knowledge on agroforestry technologies will be much better documented
in future.

In the meantime, several items in Appendix C have been included in this
manual to proVide at least some assistance to D&D teams engaged in rapid
appraisal exercises. Although some of these Appendices are intended for
consultation 011 specific points arising at later steps at the Design'Stage
they may also be consulted at this step for general information purposes,
particularly in relation to the scope and content of agroforestry
alternatives. Although some general information on non-agroforestry
alternatives is included, these are leas adequately documented., largely
because the need is less than in the case of agroforestry.

7.2 Preliminary Identification of Technological Alternatives

This is basically a 'brainstorming' step (Delp et a~., 1977) in which the
team members puc forward suggestions for concrete technologies which
would appear, initially, to satisfy the design specifications given in
Step 6. Both agroforestry and non-agroforestry te~hnologies should
be considered.
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Of course, some preliminary judgement must be exercised at this step,
and some light pre-screening,done, to insure that irrelevant or obviously
infeasible technologies are eliminated from the suggestions, but not '
too much emphasis should be placed just yet on critical evaluation of
the technologies. That will come in the next step. The main purpose now
is simply to get as many initially interesting suggestions out on the
table for subsequent discussion. The advantage of this two-step approach
is that, by withholding critical judgement for the time being, it may
serve to encourage the brainstorming process and help open up thinking
about alternatives. .

Also, since many potentially interesting agroforestry technologies may be
of a presently undeveloped nature, the team should not worry unduly at this
stage about the 'state of the art' with respect to the technologies they
are brainstorming (this will be explicHly considered in Step 10). It
may be that the final recommendations will be for a research project to
develop the promising agroforestry technologies. This comment applies
mainly to research-oriented 0&0 exercises. In development-oriented
exercises the team, of course should~ be more conservative.

Worksheet 7.2. is provided for listing of all initially interesting
technologieal suggestions •. Some technologies will jump full-blown into
the well-prepared minds of the team members. Others may need a little
discussion and conceptual development before they can be listed as
concrete suggestions.

7.3 Preliminary Appraisal of Alternatives

Now is the time to unlease the critical capabilities of the team. The
alternatives listed at the preceding step should be ruthlessly scrutinized.
This is still a 'preliminary' appraisal step, however, in that the
alternatives are here evaluated with respect to their suitabiZity for
incZusion in a design for an improved system, but that design synthesis
itself (the result of Step 8) will be subjected to a more complete ex ante
evaluation inStep 9.

At this stage the first step is to scrutinize the list of alternatives
and decide whether any of them can be ruled out immediately because of
infeasibilities arising from the constraints on potential technologies
listed in Step 6.4. Once that is done, the pros and cons of the
remaining alternatives are actively discussed. This discussion takes
place within the context of the overall development strategy for the
target system, as outlined in Step 6.1. The primary design criteria
are: ppoduativity~ 8U8tainabil.ity~ and adoptabiUty.

Relevant questions to consider would include~ among others: Does the
proposed alternative have the potential to make significant improvements
in the productivity of the system? Does it make best use of available
resources by improving returns to the most limiting resources? Is it a
sustainable technology? What effect will it have on resource degradation
syndromes within tlle system and its wider environmental setting? Is it an
adoptable technology? What aspects of the technology might limit its
adoption? Could it be modified in some way to remove the adoption
constraints? How do the alternative technologies compare with each other
in these respects? What combination of alternatives represents the best
opportunity for meeting the cri~eria for improved system performance?
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The initial assessment of technological alternatives will be essentially
qualitative and intuitive. Nevertheless, a: systematic comparison of
alternatives should be attempted. Appendix C-4 contains a Technology
Assessment Scoresheet designed'to assist the team in arriving at an
objective comparison of candidate technologies in tenns of the above
mentioned criteria. Time and resources permitting, a more quantitative
evaluation may be undertaken (in Step 9), once an integrated design
has been proposed (in Step 8), or alternately, in a pre-project Follow
up Stage (see Step 11).

The suggested output of this step, which can be recorded in Worksheet
7.3, is a list of candidate technologies for possible inclusion in the
design for an improved land use system. The degree of specification for
the proposed component technologies will not be very high at this stage,
since that will depend on the outcome of the next step. To complete Step 7
it may be necessary to run through Bubsteps 7.1 to 7.3. more than once.

STEP 8. DESIGN OF TECHNOLOGY FOR AN IMPROVED LAND USE SYSTEM

This is the design synthesis step, wherein the team is asked to pull
together the most promising component technologies into a design for
an improved land use system which meets as many of the Design
Specifications (Step 6) as pos9ible. Needless to say, a separate
design may be needed for each of the diagnosed land use systems within
the study arca.

If this Step is to be taken as part of a rapid appraisal D&D exercise, the
outcome might be best described as a 'preliminary design' which may need
to be refined in subsequent post-exercise followup activities. If
time is very limited, the team may decide to focus only on the most
significant problems and potentials of the system. If this step is taken
as part of an extended exercise which 1s not time-constrained, then
the design result may be more complete. In any case, the outcome of this
step will be subject to review and possible mOdification following the
Design Evaluation in Step 9.

Thef~cus will normally be on arriving at a generalized design for the
typical management unit within the diagnosed system; although, if
needed, the team may elect to develop additional or modified designs for
'typical variations' on the basic system type or for other scales of design.
While t~e ideal outcome might be an integrated design for the complete

.. system, for practical reasons the team may find it necessary or
convenient to consider different parts of the system separately, at
least initially. For example, a solution to a firewood problem might be

. considere4 separately from solutions to sped.fic food or cash production
problems. On the other hand, there may be scope for combined solutions to
several problems. e.g. a single type of tree planting for both firewood
and building materials, or the combinatlon of a production role with a
conservation or service role (see Appendix C-2). Other things being
equal, an integrated design combining several functions may be more
'elegant' and make more efficient use of resources than several separate
designs for 'component technologies, but this design tactics should 'not
be stretched too far. It may be that a set of separate, simple inter
ventions, aimed at different aspects of the design specifications, would
be more adoptable than a complexincegrated design.
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To assist the team in its deliberatiollS at this step, the design process
haa been subdivided into two substeps: 8.~ General Design Considerations
and 8.2 Specific Design Procedures, each with an associated set of
Appendices.

8.1 General Design Considerations

Now that the team has some specific candidate technologies in mind, the
general development strategy outlined in Step 6.1 should be reviewed with
the aim of deciding how, specifically, it is to be implemented in the design.
It may be that the specific candidate technologies may suggest permissible
modificAtions in the development strategy. .

At this point it might be helpful to reconsider the guidelines and design
tactics suggested in Appendice~ C-l to C-3 with the more specific
possibilities in mind. It may also be useful, in starting with an adequate
conception of the scope of agroforestry potentials, to review the
Classification of Agroforestry SyBtems in Appendix C-5 and the Examples of
Agroforestry Systems and Practices in Appendix C-6. Of course, the team
may have reference. to these and other design resources at any point in the
design process.

The specific procedures given below are oriented toward the design of
agPOforestry solutions. Before launcing into the sequence, however. the
team should firBtdecide whether an agroforestry technology should be
uBed to address a particular problem or potential or whether a non
agpofopestry technology would offer a better solution. In making this
determination, the team will draw on the results of its deliberations
in Step 7. But before making a final decision the team should consider the
following general point.

It may be very difficult at this early stage in the development of
agroforestry to make objective comparisons between agroforestry and other
land management technologies. since the information base for agroforestry
is not nearly as well developed as for other technologies. We may know
what the other technologies can or cannot do, but in most cases we can
only hypothesize abont the pe~formance of agrofo~estry technologies.
Therefore. if tho agroforestry alternatives are at least hypothetically
promising, and if the objective of the D&D exercise is to come up with
proposals for rese~hJ then the team may be justified in going ~hea4with

an agroforestry design In order to be able to visualize the research'that
would be needed to develop and objectively evaluate the performance of an
agroforestry technology vis-a-vis non-agroforestry alternatives. In
development-ori.ented applications, where the premium is on producing
recommendations for immediate disGemination. the team will have to be more
conservative.-

8.2 SpecificDesi~ Procedures

To arrive at aapecific design.for a component technology it is suggested
that the team work systematically through the following sequence of design
questions. This is a reiteram:ve sequence. Since, in order to (ltthe
various elements of the design. together into a workable whole. the various
decisions taken in response to each question may require some mutual
adjustment, the team may need to repeat the sequence a few timesbefo~~

arriving at a final proposal for a particular technology. It will also need
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to be repeated for each separate tecl~nology, and perhaps onceagain~o

optimize the design as a whole. This latter ~teratf.on could perhaps be
postponed until after the first run,of the Design Evaluation sequence
(Step 9). .... . ,

What Functions?

The first step is for a team to d~cide what function or combination of
functions will be addressed by tha design. These could be functional
potentials for problem-solving interventions or poten~~als.for improved
resource use (as identified in Steps 6.2 and 6.3). the identified
functions. could be, aimed at fulfilling a productive role, a service role or
a combination of both (see Appendices C-5, C-8 and C-:9for examples of
diff~rent;productionand service roles played by trees).

What Locations?
.'/"

For each function or combination of functions the team now decides what'
would be the best locat,ion within the management unit. Appendix C-7
contains a function-location matrix tool wilich the team may find helpful
in thinking through the optimum locations for different functions.

What Components?

Having n~rrowed down the choice.oflocations for the various functions, the
next step is to narrow doen the choice of component species to perform
the fu:a.ctiofls. Obviously, the choice of component species may affect
the previous decisions about locations and functional combinations, which "
may require some adjustment in the, next iteration.

Appendices C-8 through C-12 contain information on woody and herbaceous
components which may be considered by the team for inclusion in the
design, along with any other locally important species. C-8 presents
tables of prominent woody species and the uscs or functions they perform
in existing agroforestry systems in six different regions ofthevorld,
with references for additional information. C~9 contains ecologiCal and
management information on the most promising multipurpose trees and shrubs
for agroforestry systems. C-IO presents a bibliographic listing of
multipurpose tree lists and descriptions. C-ll contains a table of
additional characteristics of woody species, beyond end-use or functional
characteristics, to be considered in selecting components at a more
detailed level of design. C~12 contains a table of other, mainly non-woody.
components for possible inclusion in agroforestry designs, classified
byecplogical zone.

How Many of Each Component?

Although the scarcity of data on performance of species components
in agroforestry systems may not allow precise quantitative
estimates 'of productive yield or service benefits, some rough 'back of
the enveldpaf'est!mates should be made of the approximate number of
components (or scale of the enterprise in which they are involved) that will
be required to achieve the required functional result (or some slgnigicant
fraction of it thetis worth considering). Such estimates may suggest
the need to re-evaluate the·functional potentials of certain components
or technologies. It may also require rethinking of the loca~ion9 for the
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components. If, for example. a hedgerow fuehlOod production technology is
seen to'be incapable of meeting household energy requirements, the team
may wish to consider 'the addition of a small woodlot on marginal land
within the farm (e.g. inside or at the source of an erosion gully). In
general, the team should not shy away from the finding that one or more of
the initially promising technologies may not, in itself, be capable of
completely fulfilling its intended role. ~he rethinking that this will
occasaion can only improve the final design.

What Spatial Arrangements?

This question will have been partially answered by the location decision,
but it remains to specify the exact arrangement of plants at each
location on the management unit. Some mutual adjustment of: location and
plant arrangement decisions may be necessary. Appendix C-13 presents
a general. discussion of plant arrangement possibilities and decision
criteria which supplements the examples of agroforestry arrangements given
in Appe~dix C-5. C-14 considers aspects of the special forms of spatial
arrangement required for shelter~elts and windbreaks.

What Management Programme?

The final step is to decide how exactly the components are .to be managed
so as to fulfill their intended functional roles with the system., The
exact set of management questions to be answered will depend on the nature
of the 'envisaged technology, but a minimal list would include: How will
the components be established? What maintenance and harvest operations
will be performed and when? i~at management practices will be needed to
control interactions between adjacent components? etc. Care should be
taken to insure that the management recommendations do not contravene
the design constraints identified in Step 6.4.

Since management options may introduce a high degree of flexibility into
agroforestry designs, the whole sequence may need to be reconsidered in
the light of the management alternatives for specific components.
locations and plant arrangement~.

Documentation of the Design Result

The 'degree of design precision which is appropriate and achievable at this
stage of the design process will depend upon a number of factors
mentioned above. Much more latitude for experimental variation in the
design ",-ill be possibl'3 in research-oriented applications than in
development-oriented ones intended to produce a disseminable design' product.
Indeed, many of the above questions may not be answerable on a scientific
basis at the present time, for the simply reason that the research base for
answering specific questions may not yet exist. In that case, the design
should embody sufficient latitude for experimental variation to answer the
major design questions. Even a development-oriented followup project
may require a modest research component to settle presently unanswerable
design questions.

The aim in any case should be to produce a 'best bet' design concept based,
if necessary, on the intuitive judgement of the team. Yois will serve to
define the prototype teohnot.oiJy for further research and development.
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Once the team has completed the iterative decision process and arrived
at a best bet result, the design outcome be documented iri Worksheet 8,
adding additional pages for diagrams, descriptions. etc., as necessary
to complete the documentation ina preliminary form. Later, after the
Design Evaluation (Step 9), a more complete docUIllentation of the ,design
should be produced in a form which is easily understandable by persons
who did not participate in the de9i~1 exercise. At that point it may be
helpful to call in the service of graphic specialists.

STEP 9 EX ANTE EVALUATION OF THE DESIGN

Having produced a design the next step is to evaluate it. This Btep
differs from the previous appraisal of candidate technologies (Step 7.3)
in that it is concerned, not wi,th an initial assessment of partial
design alternatives, but with"a f.;1irly thorough evaluation of the
complete design in terms of its potential impact on the land use system
considered as a whole. It is similar to S~ep 7.3 in the sense that both
are carried out before the actual technologies. have been developed,
tested and evaluated in the field. In other,words, this is still a
theoretical e:z:ercnve which does not, in any way. constitute or substitute
for a full field evaluation of the envisaged technologies on the ground.

The purpose of this step is to critically examine the theoretical potential
of the proposed design to satisfy the specifications for an improved
land use system given in Step 6. It also serves the additional purpose of
suggesting ways in which the design might be modified to adapt it better
to its envisaged role within the system. As such it isa atep in the
overall iterative process which. depending on the results of the evaluation,
may suggest the desirability of returning to an earlier stage of the design
process to refine the initial attempt and produce a more productive,
sustainablo a~d adoptable design. (This same process of reiterative
evaluation and redesign will reappear again at the on-site field· testing
stage of the D&D followup activities. It i~ the meana by which the
overall D&D process enables agroforestry research and development workers
to develop a progressively more appropriate and·effective design.)

Two levels of evaluation are possible ~tthis step. The first, based on
rapid appraisal methods which rely heavily on the experience and intuitive
or clinical judgement of the D&D team, .is ,appropriate to applications in
which time or available information are limiting cqnstrainta. The second~

based on more in-depth or quantitative methods, is appropriate to applications
in which time and information are not limiting. The first step in the
evaluation process is for the .team to decide which level of evaluation to
attempt and which specific procedures to follow. It may be that B ..
combination of levels will be feasible, i.e. more thorough quantitative
procedures could be followed for specific aspects of the evalu&tion. '

,', "

If the telll11 elects to apply only the rapid appraisal procedures, then,
there will probably be a need to plan for.a followup phase to carry out I

at least Borne aapectsof the more detailed evaluation. niis could be
accomplished either as a pre-project folloWllp activity, or as one of the
activities of the first stage of project implementation. Even if the
team elects to use the more detailed evaltmtion methods, it should also
complete both parts of Worksheet 9.1, first as a working tool to identify
those areas of the design needing detailed evaluation, and ~hen to record
the team's final ex ante assessment of the potential impact of the proposed
design (based on the in-depth evaluation).
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9.1 Rapid Appraisal Methods

Two interrelated evaluation procedures are suggested which can be
accomplished by the D&~ team in the field, or shortly after the field exercise
providing that there is a possibility to return to the study area to carry
out the design survey.

Rapid Survey of Farmers' Response to the Design

The final decision on the appropriateness of the design will be made by
the intended users themselves, in the form of the decision to adopt or
reject the proposed technologies. It is only reasonable to try to assess
the farmers' initial response to the design proposals at this point. To
accomplish this the team, or some part of it, should return to the
field to discuss the design~ith selected farmers previously visited at
the Diagnostic Survey stage. The team may select the most articulate
farmers for this visit, but care should be taken to insure the representative
ness of the ad hoc sample of farmers selected for this purpose. This
activity is complementary to the use of the technology evaluation scoresheet;
some survey information will be necessary to complete Worksheet 9.1 (i.e. to
assess the level of· farmer enthusiasm for the proposed technologies and to
check with farmers on other aspects of the ratings.)

Technology Evaluation Scoresheet

The Technology Evaluation Scoresheet given in Appendix C-4, previously
encountered in Step 7.3, reappears now as Worksheet 9.1, to
be completed by the team as an output from the present Step. If the
team has already used this scoresheet in Step 3, it viII still be
relevant to complete a fresh version now that the design has been narrowed
down to a more concrete and specific proposal. The evaluation procedures
used to assign a score to each of the candidate technologies in the final
design"will remain largely qualitative in nature, but the purpose will
be different from the previous use of the scoresheet: Before, the aim
was to select component technologies for ii:\clusion in the design. Now t

the aim is to arrive at and document the team's final assessment of the··
appropriateness of the proposed design as a whole, and to assess its
potential impact on the target system (see detailed guidelines for use of
the scoresheet in Appendix C-4). The team may also wish to use causal
and functional diagrams (produced at Step 5) to trace out the likely impacts
of specific technologies. .

Using the completed scoresheet together with Worksheet 6 (documenting the
Design Specifications), the team may now go on ·to assess the
completeness of the design and its potential to remedy the problems and
~eakne8se8 of the diagnosed system. It may not have been feasible for
the team to aim at a design ~hich addresses all of the diagnosed problems
and potentials of the system, but it will be useful for the team to state
how far it considers it has gone in this respect. Also, it is never too
late to modify or elaborate the design to correct deficiencies which may
become apparent at this point. Part 2 of Worksheet 9 is provided
for the team to document its conclusions, including recommendations for
further design and/or design evaluation work.
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9.2 Detailed Evaluation Procedures

Supplementary to the rapid appraisal procedures described above, the
D&D team, or some appropri.atedly composed followup working group, may
elect to apply selected procedures of economic, ecological and social
impact evaluation. Appendix C-15 contains suggested guidelines
for detailed ex ante economic evaluation of the candidate technologies.
Guidelines for social and ecological evaluation will he forthcoming in
future editions of this resource book.



FOLlOWUP .PLANNING STAGE

OVERVI~

PURPOSE: The purpose of the Pollowup Plar~ing Stage is to assess
research needs to develop and test the proposed-technologfes,
to identify topics requiring further D&D attention, and to
develop an imple~entatlon plan for an appropriate research and
development project.

PERSONNEL: The D&D Field Team, before it adjourns, can be expected
to accoopl1sh the initial planning of post D&D exercise
followupactivities. For development of a detailed project
implementation plan, however, it is suggested that a Followup
Working Group be appointed. Ideally, the Working Croup should
contain one or two persons who participated in the previous
stages as part of the DErD Field Team, but the Working Group
may be smaller than the full multidisciplinary D&D Team (Which,
in any case, may be consulted from time to time during the
Followup phase). The Working Group should preferably contain
at least some of the persons who will be responsible for the

. implementation of the envisaged D&D project. The final details
of project planning and the iterative mid-project D&D review
and revision process may be left to the project implemcnters.

SUGGESTED PROCEDURES:

Step 10. Identification of Research Needs

Step 11. IdentiUcl1tion of Topics Needing Further D&D Attention

Step 12. Development of a Project Implementation Plan

PREVIOUS PAGE BLANK
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GENERAL GUIDELINES

A design for new land management technology, no matter how elegant or
appropriate to the needs of the target land use system, will come to
naught unless it is followed up by a plan to put it into action tn the
field. Having developed, as a result of the preceeding steps, a design
concept for an improved land use system, the next major activity is to
decide what course of action would be needed to implement the proposed
improvements, i.e. what actions would be necessary to get the design off
the draWing boards and into the landscape. Given the present state of
knowledge in agroforestry and the relative scarcity of scientifically
validated technologies, it is unlikely that many of the proposed
technologies will be ready for immediate dissemination to potential users.
In most cases the envisaged agroforestry technologies will need to pass
through a process of research and development before they can be considered
ready for dissemination. Hence, the emphasis in what follows on identifica
tion of research needs (Step 10) and development of an implementation
plan (Step 12) for an agroforestry R&D project. Step 11 is included to
record recommendations for further diagnostic and dosign followup work
which the D&D Team, in rapid appraisal applicati'ons, may feel is necessary
before a detailed project implementation plan can be prepared.

The level of detail, reached in the planning of followup activities will
depend on the type of D&D application and the stage of planning. What can
be accomplished by a 'rapid appraisal' D&D Team in a time-limited exercise
is only to sketch out the general outlines of suggested foiiowup activities.
The development of a detailed project plan will normally be the
responsibility of a followup working group. If, on the other hand, the
'rapid appraisal' option has been skipped over in favour of a straight
forward time-extended application of the D&D methodology (see ICRAF. 1983
for further explanation of these two options), then the team may aim for a
more detailed level of planning in the first round. In either type of
application, once the research- and development project gets under way
and begins to generate feedback information, the continuing, iterative
D&D process will provide a basis for periodic refinement and modification
of the plan of action in accordance with the implementation team's
experience in the field.

SPECIFIC PROCEDURAL SUGGESTIONS

STEP 10. IDENTIFICATION OF RESEARCH NEEDS

10.1 State of the Art Review

The identification of the type of research needed to develop the agroforestry
technologies envisaged in the design for the improved land use system
will depend in large .meBsure on the current state of the technology art.
To accomplish the necessary state of the art assessment, the D&D Team
should review existing experience with the candidate technologies and
decide in which of the following categories each candidate technology should
be placed:
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1. Notional

2. ,Prel;1tQ.i,nary

3. Validated
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SUITABILITY

Suitable mainly for on-station experiDlelltatiou
and prototype development; possibility for
limited on-farm trials as an explicitly

'eXperimentaZ activity (if farmers are willing
to accept the trials on these terms)

Suitable for on-site trials and on-station
research to develop and refine the preliminary
prototype

Suitable for immediate extension throughout the
t, recommendation domain With on-farm adaptive '

research (possibly accompanied by on-station
backup) to adjust the technology to site
specific variations.

The terms 'on-farm' and 'on-site' are usod'interchangeably here in
reference to trials of technology conducted under real field conditions
withIn the study area~ althotigh the latter term might be preferable to
distinguish trials located outside of farm boundaries, e.g~ in forest or
watershed sites~

As the terms for'thedifferent categories imply, the assessment hinges
on the degree of knowledge and prior research and development work on the
different technologies. A 'notional' technology is one that has had
very little,' if any, prior research or field experience. The inclusion
of any such technologies in the design implies an hypothasis to the effect
that if the technology were to be developed it could have a theoretically
high potential for affecting significant improvements in the diagnosed
land use system. A 'preliminary' technology is one that has received Borne
previous research attention (at least ~nth respect to its composite
elements); or'is known to exist in traditional land use systems which are
sitnilarto the" diagnosed land use system on major points of relevance.
The implication'is that preliminary technologies are sufficiently
developed to be included in on-farm trials, but that the purpose of such
trials should be to develop further and improve the prototype
technologies. A 'validated' technology is one that has a well founded
basis in research or in existing usage (in the target system or some
highly similar one) and is considered ready for widespread dissemination
throughout the recommendation domain. The implication is that, with the
possible exception of some relatively minor on-farm adaptive research,
a '.validated technology' is essentially not in need of further development '
before it cart be released to appropriate land use systems. For a
technolosy,td qualify under this final category it should have been
previously submitted to on-farm trials and found to be an adoptable
technology, as indicated by its adoption record among farmers representative
of the recommendation domain.

While the state of readiness of the candidate technology is the primary ,
factor in deciding whether to classify it in one category or another,
in'borderline cases other factors may need to be taken into account
before reaching a final decision. These include:
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research-oriented or

For development-oriented projects, where premature dissemination of a
new technology could have serious negative consequences, the classification
should be made 'on a conservative basis. For research-oriented followup
activities; more latitude could be allowed providing there is a favourable
attitude toward farmer~involvement in research (see next paragraph).

Farmers' and research or extension officers' attitude towards on-farm trials

If the technology is on the borderline between notional and preliminary
categories, a favourable attitude toward on-farm experimentation may
justify classification in the 'preliminary' category, while a negative
attitude would suggest 'the wisdom of'assigning"a new technology to the
'notional' category to insure adequate research station testing and
development before going onto farms.

Riskiness of the proposed technology

If the candidate technology poses little or no risk to the potential user,
this may affect the classification decision in the direction of on-farm
trials or even dissemination on a limited scale. If, on the other hand,
the technology is considered a high risk one which would result in real
difficulties for the user if it failed, then the decision would be
influenced in the opposite direction. The main question is whether more
research at a less advanced stage would result in the type of knowledge
that would make it possible to reduce the assessed risk sufficiently to
advance it to the next stage.

Need for the candidate technology to be exposed to a wider range of
environmental conditions

Providing the technology has at least the possibility of inclusion in the
'preliminary' category, if what is needed to develop it further is exposure
to new environmental conditions (i.e~ other' than those in which'it was'
initially developed and tested), then, providing the other conditions are
met, this classification may be justified in research-oriented projects.

Need for the candidate technology to be exposed to real farming system
conditions

Here again the main decision is whether, to advance further in the
development of the technology, it is necessary to subject it to on-farm
trials to test the farmer's reaction and see how it integrates into the
existing land use system. This, by definition, is the meaning of a
'preliminary' technology, for which on-farm trials would be the research
method of choice.

Worksheet 10.1 is provided to record the results of this technology
classification exercise.

10.2 Outline of Specific Experiments

Having identified the general type of research appropriate for each
technology, it remains to specify precisely what exyeriments.would be
required to generate the needed research knowledge. Research in
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agroforestry is similar, but not identical, to research in agriculture and
forestry. There are a number of factors associated with agroforestry
technology whichm1ght suggest departures from conventional experimental
methodology. Various considerations involved in choosing an appropriate
experimenta1, approach for a given piece of agroforestry research are
discussed in Appendix D-1. ' ,

, '

AppendixD-2 contains an excerpt from a research project proposal developed
by ICRAF's Collaborative and Special Projects Programme in collaboration with
research partners in Kenya. This' may serve an an example of the kind
of research plan which is the intended output of this stage of the D&D
process. In most cases, however, .it viII not be possible to reach the
level of detail shown in the example by the end of,a 'rapid appraisal'
exercise. The example illustrates the type of output which can be '
expected from a small working group in thefollowup period after the
D&D field exercise.' , '

, '

Worksheet 10.2 is provided for the D&D Field Team to record its research
recommendations in outline form. Additional pages, diagrams, etc. may
be added, as necessary.

STEP 11. IDENTIFICATION OF TOPICS NEEDING FURTHER D&D ATTENTION

At the conclusion of the D&D exercise the rapid appraisal D&D Team may
feel that certain topics, relating either to the diagnosis or the design,
are in need of further attention during tho post-exercise followup period
before a detailed project implementation plan can be draWn up. Typical
examples might include the need for more detailed ex ante ecological
economic and/or social evaluation of the likely impact of the design on
the target system or community, or perhaps the need for more detailed
design development based on a more thorough review of the literature
or on 'desk top' 'modeling of specific design alternatives.

Certain aspects of the required followup might be taken up by a Followup
Working Group prior to the commencement of the planned research and development
project, if considered necessary boforea detailed project proposal
can be developed. Other aspects might best be ,undertaken in the course
of project implementation. Appendix D-2 (section L 3.1) contains an
example of some calculations involved in an ex ante analysis leading to
the refinement of a design for an experimental alley cropping system.

An example of activities undertaken at the project implementation stage
in order to refine the diagr~Bis may be drawn from another D&D site.
At the Kathama site in the semiarid zone of Machakis District in Kenya,
~he initial rapid appraisal diagnosis indicated the following problems
experienced by farm households: , low soil fertility due to soil mining,
a shortage'of fuelvood for domestic consumption and household industry,
severe erosion problems occuririg both within and outside the farm
boundaries. The rapid appraisal diagnosis could detect these problems,
but it could not give them a precise quantitative specification.
Consequently, once the on-aite research was under way, several 'special
studies' were undertaken with the intention of developing at least a
rough quantitative estimation of the magnitude of the diagnosed problems.
These studies ranged in duration from 3 months to a year. One focused on
the soil nutrient balance of manured and unmanured cropland and involved
monitoring of soil inputs and outputs during the cropping season. Another



- 54 -

involved measurement of annual stickwood increment on grazing land to
assess the potential of meeting fuelwood requirements from this type
of land. Another study undertook. to conduct a landscape scale analysis
of the entire project site to ascertain the incidence of erosion problems
in relation to existing land use and drainage patterns in the area. This,
coupled with a sociological study of the potential agroforestry and
conservation roles of traditional cooperative self-help groups in the
area (mainly women's organizations), led to the development of designs
for larger-than-farm level erosion control measures. All of these
'special studies' 'were undertaken by students under the supervision of
ICRAF staff through a cooperative.agreement with the Fore$try Departments
of Wagen1ngen University. .

This example indicates both the natura of typical D&D related followup.
activities and one possibility for tapping available manpower r~8ourc~s

to implement special diagnostic and design studies. The example is drawn
from one of ICRAF's early D&D methodology development sites and reflects
the staffing constraints and opportunities opperant at the time. Other,
full~scale agroforestry R&D projects would, of course, have different
staffing opportunities. The main point to empnasize is that in some
cases relatively short duration 'special studies' might be suitable for
filling in specific information gaps in diagnosis and design, while in
other cases long term monitoring throughout the project implementation
phase may be required to obtain the necessary information.

Worksheet 11 is provided for the D&D Team to record its recommendations
on topics for further diagnostic and design activity and to make any
suggestions it may have on how the required information might best be obtained.

STEP 12. DEVELOPMENT OF A PROJECT IMPLEMENTATION PLAN

In most rapid'appraisal type applications of the D&D methodology the
D&D Field Team will t in all likelihood, not be in a position to develop
a fully detailed project implementation plan. Not only will time be
limited t but critical financial and administrative decisions may not
yet have been taken. What the Team, in such situations, should aim for
is to produce an outline of its recommendations for features to be .
included in an eventual project implementation plan developed by a pre
project working group and/or the project implementation staff itself.
Even though these recommendations on project design may be substantially
modified as a result of wider technical or administrative considerations
taken up following the initial D&D exercise, the D&D Team should make an
effort to give project planners the benefit of the perspective developed
in the course of the exercise by the full multidisciplinary team.

One aspect of project design to which the D&D'Team(and subsequent project
planners) should give particular attention is that of building intePnaZ
feedback ~ahani8~~ into the project implsmantation plan~ as necess~ry

to institutionalize the iterative and continuing D&D process throughout
the course of project implementation. Figures 1 and 2 depict the
essential features of the D&D process as an element of the 'internal
guidance system' of a research and development project.
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Figure 1. Components of project design incorporating the D&D process
as part of the projects internal guidance system. Note feedback loops.
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Figure 2. The iterative D&D process in the life cycle of a technology
generation and dissemination project.
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The potential role of the continuing D&D process as a followup to the initial
project formulation application is discussed at greater length in
GuidoUnes fop Agroforest't'lj Diagnosis and Design (ICRAF, 1983). It will
suffice here to note that some such in-built feedback mechanism is a necessary
component of project design, which will allow project implementers to:
1) assess the impact of technological interventions in the target land
use system, 2) rediagnose the changed situation resulting from intervention
in ,the system, 3) redefine the newly emergent set of constraints and
potentials and refine or reformulate the technology design, and 4) in
general take advantage of the often neglected opportunity in project
implementation to profit from 'the mid-project Ze~aing experienae and to
apply what is learned to the ultimate goal of developing truly productive,
sustainable and adoptable agroforestry tQchnologies for the target land
use system(s).

In its recommendations for feedback mechanisms to be incorporated into the
eventual project implementation plan, tho D&D Team should given attention
to three things:

1) Insuring adequate communication between on-site researchers and
farmers (or other unit managers at the site);

2) Insuring adequate communication between on-site researchers,
on-station researchers, and extension personnel who may be
responsible for the eventual dissemination of the resulting
technologies;

3) Scheduling of periodicintcrnal project review exercises to
identify and discuss needed refinements in both the diagnosis and
the design and to plan further R&D activities in accordance with
this updated information on the project's progress toward the
objective of developing an effoctive and adoptable set of improve
ments for the target land USq system(s).

Worksheet 12 is provided for the D&D Team to record its recommendations
snd suggestiops for the project implementation plan.

This concludes the inltial D&D exercise.
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WORKSlIEET 1.1

BIOPHYSICAL ENVIRONMENT: BASIC CHECKLIST

REF. NO. __________ AREA NAME _

LOCATION

Latitude
Longitude
Altitude(m)

GEOLOGY

LANDFORMS

CLIMATE

Generalized type
"Koppen classif.

RELIABILITY

1 Reliable
2 Probable
3 Guess

HYDROLOGY

Waterlogging
River Regime
Degradation

SOILS

Generalized type
Local Classif .
Degradation

VEGETATION

------_._--_.-.-_ ....._.._ .. -.- .._._--

Area in general
Specific Localities __
Degradation

LAND USE (by Land Unit)*

(Unit)

NOTES:

(Uses)

*See guidelines Step 2.1. for definition of Land Unit.
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WORKSHEET 1.2

SOCIOECONOMIC ENVIRONMENT

Reliability codes: 1.

HUMAN FACTORS

Population density

Population growth rate

Sex ratio

Ethnic composition
of population

Other relevant social
differentiations of
population

Migration trends

Settlement history

Current settlement
pattern

Size of holding

Labour utilization
pattern

Land tenure

Land use traditions

ReliabIe, 2 •

Average

Probable,

Range

3. Guess.

Reliability
rating
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SOCIOECONOMIC DATA SHEET CONT'D

INFRASTRUCTURE

ROads and transport

Agricultural input supply

Processing facilities

Storage facilities

Water supply

Extension services

ECONOMY

Area exports

Area imports

Marketing structures

Agricultural commodity prices
(indicate subsidies if 3ny)

Use of agricultural inputs

Agricultural input prices
(indicate subsidies if any)

Reliabili ty
rating
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SOCIOECONOMIC DATA SHEET CONT'D

Degree of mechanization

Degree.o~ commercialization

Availability of credit

Opportunities for
non-farm employment

Important cottage industries

ADDITIONAL NOTES

Reliability
rating·
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WORKSHEET 3.3

STRUCTURAL-FUNCTIONAL DESCRIPTION OF THE LAND USE SYSTEM

1. INPUTS

USES OF INPUTS LAND

SOURCES OF INPUTS

LABOUR

PRIMARY PRODUCTION

_,_._ Annual cropping

___ Perennial cropping

___ Livestock keeping

_ Gathering

___ Off-farm employment

SECONDARY PRODUCTION

___ Livestock keeping

Household maintenance

___ Cottage industries

Owned Rented Other Family Hired Other

'-

OTHER INPUTS

--.:.. Draft power

Productive animals

_ Machinery

Hand tools

___ Planting materials

Water

Manure

Fertilizers

Pesticides

Herbicides

Feed

___ Timber/poles

Fuel

Farm Other
Produced Purchased Rented (Specify) Uses
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WORKSHEET 3.3 Cont'd

SOURCE ACTIVITIES
(Specify)

PRIMARY
PRODUCTS PRODUCTION

HOUSEHOLD
CONSUMPTION SALE

Field crops

Fruits

Animals (live)

Animal products

Draft animals

Feed

Organic fertilizer

Planting material

Timber/poles

Fuel

Raw material

Water

SECONDARY
PRODUCTS

Processed food

Cottage ind.prods.

Shelter

BY-PRODUCTS EFFECTS

On-farm Off-farm

Water(runoff and
groundwater)

Soil(erosion and
sed1mentation)
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WORKSHEET 3.4

PRELIMINARY. IDENTIFICATION OF MAJOR LAND USE PROBLEMS AND POTENTIALS

3.4.1 Problems and Pbtentials at the Ecosystem Level

Major Resource Limitations and Potentials

Major Conservation Problems and Potentials
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WORKSHEET 3.4 cont1d

3.4.2 P~ob1ems and Potentials at the Yltlna.s;ement Unit L?vet

Failure to Meet Management Objectives

Production Constraints

Outstan:ling Potentials for Overcoming the Identified Problems ar.d Constraints
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~RKSHEET 3.5.

PREPARATIONS FOR THE DIAGNOSTIC SURVEY

3.5.1 b-ist of Representative Management UJiits

3.5.2 Suggested Composition of the Multidisciplinary D&D Field Team
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i
WORKSHEET 5.1

ANALYSIS OF PRODUCTION PROBLEMS

5.1.1 Present Supply Problems

5.1.2. Causal Factors and Constraints Involved in the Creation of
Present Supply Problems

(add other pages as necessary
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WORKSHEET 5.1 cont'd

S.l. 3 Household Strategies for Coping with the Identified
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5.3.2 Larger-Than-Farm Scale Conservation Problems

(add other pages as necessary)



- 76 

WORKSHEET 6

SPECIFICATIONS FOR APPROPRIATE TECHNOLOGY

6.1 Development Strategy
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WORKSHEET 6 Cont'd

6.3 Potentia15 for Improved Use of Resources

6.4 Possible Constraints on Candidate Technologies
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TECHNOLOGY APPRAISAL

7.2 Initial List of Potentially Relevant Technologies
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WORKSHEET 8.,

DESIGN FOR AN IMPROVED LAND USE
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l.
1.1

1.2

1.3

2.
2.1

2.2

3.

CANDIDAtE~TECUiOLOGIES
EVALUATION CRITERIA

PRODUCTtVI1Y
Potential to' Solve Household Supply Problems
Primary Production Objectives 0 to 10 (no potential to full IX>tential)
- 0 to 10 ..
- 0 to 10 ..
- 0 co 10
- 0 to 10

- 0 to 10
Secondarv Producclon Objectlves .
- o to .5 ..
- 10 co 5- o to 5 ..
- o to 5 ..
- o to 5
- o to .5
- o to .5 (u:lac1equate to adequate)

Potential to Reduce Production Constraints
- Kest l~m1tln~ conseralnt 0 to 5, (no oocentl,al to full potentlal)
- Contributlnlt constrlunts 0 to 3
Potentlal to Improve Resource Use
- Mos t 11.fU tlng resource o to 5 ..
- Other resources o to J

SUSTAINABILITY
Potential l~act on Future Resource Base
- Solve severe deltradat10n problems u to 10
- Solve lesser dsgradat~on problems o to 5 ..
- Improve use of source future resources o to 5 "
Potential ImDact on Future Demand -
- Sacufv anticipated denand o to 10
- Future market \lotentla} (cash enterprues) o to 5 ".nadeQuate to adecuate}

ADOPTABILITY
Does the techno102v addres8
- a priority objective? o to 10 (No - Yes)
- a perceived need? o to 5
Will it use only available resources? -5 to 5 (* see below)
Will 1t avoId Interctlonal conatral.ntl} 5 to 5
Is It rIsk free? o to 5 (No - Yel)
Wlll 1t Yleld QUlC\c. beneflts'l o to 5
Is it SImple to understand? -- o to 5
Is it compatible with the LOcal cul ture. u to ;)
Does the idea meet yith ~nahusiasfic o to .5 ..
r&8!2nse from the nten e users

fs it adoptable by 'tns poor? o to ) "
Is it widely applicable beyond the .. -

study area? o to .5 .,

\0

....
~
nl
0
;;:r
;:l
0....
0

t"
c::
III....c:
~
rt....
0
;:l

tr.l
n l:;j
0 t>1
"1 ';/l
nl 1-1 ~::
Ul

~
0::r ~ I

~ "ttl t'j :r. co
rt <: ::t: 0:> 'trj

't"" tIl I

~ ~

t-3 \0
H
0
Z

NOTES: - The possibility of • negative score
is allowed for here to emphasise
the importance of keeping within
the limits defined in Step ~.4.
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9.2 Overall Ex Ante Evaluation of the Proposed Design
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WORKSHEET 10

IDENTIFICATION OF RESEARCH NEEDS

10.1 State of the Ar't Review

10.2 Outline of Specific Experiments

(add other pages as necessary)
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WORKSHEET 11

TOPICS REQUIRING FURTHER D&D ATTENTION



- 84 -

WORKSHEET 12

RECOMMENDATIONS FOR PROJECT PLANNING



APPENDIX

USEFUL TOOLS AND MATERIALS



APPENDIX A-I

SOURCES OF PREDIAGNOSTIC INFORMATION*

1. MAPS, AIR PHOTOS AND SATELLITE IMAGERY

Topographic Maps

Existence: Do topographic maps of the area exist? If so, at what
scales? Date of surveyor revision? Are they contoured?

Availability: Are the maps in print'l 'Are they security-rest1:icted'l
What is the procedure for security clearance and/or purchase?
Address of the national survey organization and/or outlet for purchase?

This enqui~ should be started at an early stage, since it is basic b~t

can beti~:-consuming. Contour maps at l:50,OOOscale are desirable,,·.
but may· often not be, available.· .

Geological Maps

A geological map may be of indiroct utility. Most countries have a
national geological map, obtainable for the Geological Survey.
~rganization. Request also a list, or cartog~aphic key, to such more
detailed maps as may exist.

Vegetation and Land Use Maps

Maps showing vegetation and/or land use are not a regular product of
most survey organizations, and no standard forms· exist. Agood
ecologically-based map survey can, however, be highly indicative of
the nature of environmental interactions and possibly land use problems,
and thus enquiry into the existence and availability of such maps. is.
worth while.

Air Photographs

Existence: Is there air photo cover of the area? Date?· Scale'I Quality'l

Availability: Air photos will usually be security-restricted. What
is the procedure for obtaining clearance? Address for purchase
(natibnal organization, or outside consultant companies?).

High quality photos~ less than 5 years old, at 1:25,000 to 1:20,000
scale are the most desirable. Air photos serve two kinds of .function:

1) Location: Photographs can often be a more reliable means than ~ps

of finding routes and identifying locations in the field.

2) Interpretation: A rapid stereoscopic examination of air pho~ogr~phs

is the best' means of pre-field fnmiliarization.with an area, . <"
particularly with respect to landforms, vegetation and land use.
They may subsequently be needed for more through interpretation.

*eontributionsfrom A. Young, T. Darnhdfer, andJ.B. Raintree for·
sections 1, 2 and 3, respectively.

John M
Previous Page Blank



- 88 -

Satellite Imagery

Landsat imagery provides a rapid overview of the area, enabling broad
regional differences to be seen at a glance. Whilst considerably less
useful than air photographs, owing to their very small scale and low
resolution, Landsat images are usually much easier to obtain. There is
no security clearance needed. To request a Geographic Computer Search
Inquiry Form, write to:

EROS Data Center
Siou." Falls
South Dakota 57198
U~S.A.

Fill in the form for thestudy"area. You will receive a computer print
out listing the best quality imagery available, plus an order form. A
false colour composite enlarged to either 1:500,000 or 1:250,000 is the
best product. Computer-enhanced imagery is also evailable from commercial
sources, but the cost may not be justifiable.

2. CLIMATIC .INFORMATION

Macroscale surveys for D&D exercises will be mainly useful for delimiting
the agroclimatic range for mesoscale surveys. Such information can in
most cases be obtained from:

agroclimatic surveys published by WHO, UNESCO, FAO or UNEP

climatological handbooks and atlases

climatological data compilations,

Mesoscale surveys containing more relevant meteorological data are
generally compiled and published by national meteorological services.
These should be considered the main sources for meteorological information.

To facilitate data collection for research purposes worldwide, the
World Meteorological Organization (WMO) has issued a catalogue of
meteorological data, listing all relevant references and sources. In many
countries meteorological data is also collected by organizations and
authorities other than the national meteorological services (e.g.
agricultural and forestry departments, private companies, non-government
volunteer organizations, international agencies, etc.). A local inventory
of these sources can very often turn up useful climatological data.

It should be mentioned, however, that in many countries relevant climatolo
gical data,'even if it exists, can be difficult to obtain (original
documents not accessible, publications out of print, recent data not
yet processed, old records badly documented or lost; even data stored
on modern supports such as microfilm, punch cards or magnetic tapes
may not be·avai1able due to reproduction problems). To retrieve such
data may require considerable material and personnel resources.

Therefore, the following bibliographic list of sources of general
climatological and specific meteorological information is given (not all
of which may be specifically relevant for prediagnostic purposes).
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General

WHO "Guide to AgricuZ,tu:t>aZ MeteoroZogiaaZ Pl'aatiaes" WMO No. 134,
2nd edition 1981. An 'overall view of the scope of agricultural,
meteorology is given in 8 chapters under headings like:
Agricultural Meteorological elements and their observation,
Agromet, eoro10gical forecasting, Application of Meteorology to
Forestry etc.

Appendix I

Appendix II

Appendix III

- Bibliography of literature on agricultural meteorology

- List of periodicals of interest to agri~ultural

meteorology

- List of international organization of interest to
agricultural meteorologists.

GEIGER R.. "The CUrrrzte near the ground" (611 p) 1965 English translation,
. Harvard University Press. Textbook on basic microclimatology.
It g~ves an,e~~austive analysis of physical laws and their
consequences ~n various meteorological elements including descriptions
,of the influences of topography vegetation and artificial devices
on weather.

MOTHEITH,J.L•
. SUlIInary

Vol. 1.
studies

"Vegetation and the atmosphere" 1976 N.Y. Academy Press.
of actual micrometeoro10gical and ecological knowledge.
Summary of physical biological elements. Vol. 2. Case
in agricultural, forestry ,and ecological fields.

J. HU. QUANG "CUmate and Agroiau Z, ture - an EootogiaaZ SuZ'vey"
Aldime Publishing Company 1968. 304 pp. Textbcok on the general
principles of agri~ultural climatology•

. Y•. SEEMANN Y. CHIRKDV, J. LOMAS, B. PRIMAL"LT "Agrometeoro'Logy " (324 pp)
1979. Springer Berlin. Introduction to the present day problems
of agrometeorology, a series of accounts, each complete in
itself, of agrometeorology problems.

C.W. ROBERTSON, "The Rote of AfJ!'ometeoroZogy in AgroiouZ,tu:t>al
Development and Investment ~ojeots" WMO No. 536, 1980, SSp.

Climatology

LANDSBERG H.E. and other "World Survey of CZimatology" Elsevier
Publishing Company: Vol. 9: Climates of South and Western
Asia 248 p. Vol. 10 Climates of Africa 604 p. Vol. 12.
Climates of Central and South America. . Summaries of the existing
climatological knowledge for the area concerned with references
for more detailed literature.

BLUETHGEN "AUgemeine Jaimageog2>a:phie wZnd edition (German) 1966 720 p.
WALTER DE GRUYTER and COM. BERLIN. Basic textbook on geographical
climatology, covering the fields of analytical climatology,
synoptical climate geography, general circulation, general types
of climates, climate classification, changes in climate, climate
modification by man.
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L.R. BROWN, J. COCHEME "A study of the .ag:t'ocUmatology of the highl-ands
of East Africa. WMO No. 339, 1973 197 p. Report on the
FAO/UNESCO/WMO Project on the Agroclimatology covering the
countries Ethiopia, Kenya, Tanzania and Uganda•.

"Ag:t'OoUmtoZogy of the highlands of Eastern Af:t'ica". Proceedings
of the Technical Conference Nairobi 1973. WHO No. 389 242
pages. Follow up of the agroclimatic survey carried out
by FAD/UNESCO/WHO.

J. COCHEME, P. FRAUQUIN " Agrometeorowgiaa."l SUP1Jey of a semi-aPid area
in A~ca South of the Sahara" WHO No. 210, 1967 136' p.
The subject covered include rainfall, crop transpiration.
availability cif water during different periods of the year,
heat and light and the correlation between crops and climate.

"AgrocZimato logy in the Semi-arid areas South of the Sahara"
Proceedings of the technical regional conference Dakar 1971
WHO No. 340, 1973, 253 p FAO/UNESCO/WMO interagency project.
Follow up of the survey mentioned under reference 15.

E.G. DAVY, F. MATTEI, -5.1. SOLOHON "An EvaZuation of Cl-imate and Water
Resoupces fol' Development of AgI'icultUPe in the sudano-SaheZian
Zone of West Af:t'ica" WMO No. 459 1976. 289 p. General
background information on agrometeorology and surface vater
resources in a large part of West Africa.

M. FRERE, J.Q. RIJKS, J. REA "Estudio agrocUmatol.ogico de la"Zona
andima" WHO No. 506. 1978 297 p. (Spanish). Outcome of
an agriclimatology project carried out jointly by FAO/WMO and
UNESCO. The first part of the note analyses the agrometeorological
factors; the second part studies the main crops in the area
and their reaction to agroclimatic factors.

AMARE-GETAHUN "AgI'o-cZimates and agricuZtuI'a~ systems in Ethiopia" 1980.
Agricultural systems, Vol. 5: 39-59.

I.J. JACKSON u(J[,irrr:zte.. water and agl'iou"lt;ure in the tI'Opics" 1977
Longman Corp. 248 p. This book examines characteristics of
tropical rainfall and evaporation together with their
implications especially related to agriculture landuse,and
aspects such as soil erosion and irrigation.

Agrometeo:t'oZogy ot C:t'ops

"Agrometeo:t'ology of the ",heat c:t'op" Proceedings of the WMO
Symposium in Brun5~ick 1973, WMO No. 396, 1974. 242 p.

"Agl'Ometeol'oZogy of the Maize crop" WO No. 48, 1977454 p.
Proceedings of the Symposium on the Agrometeorology of the
maize crop. WMO - Iowa State University, Iowa 1976.

F.S. DA MOTA "Soya Bean and Weathel'" WHO No. 498 1978 64 p.
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G.lY. ROBERTSON "Riae and Weather" WMO 423, 1975 40 p •

."Agrometeoro'logy of the Riae Crop". Proceedings 'of the wMo/IRRI
Symposium WMO No. 541 1980

Agro-Ecology

"Report on the Agro-ecoZogical, zones project" Vol. 1:
Me~hodology and Results for Africa 1978~ Vol. 2: Results
for SouthWest Asia 1978. Vol. 3: Results forS6utheast
Asia 1980. FAO World Soils Resources Report' No'. 48~

L.R. HOLDRIGE and others "Forest EnvirorunentB in Tl'opiaal. Ufe ZoneB"
A pilot study., 1971, Pergamon press 747 p. Particular'

. reference is made to. chapter two on the Holdridge "life
zone',system" as proposed 1947,

....'
':"; (

Miscellaneous

"Crtop Water Requirements" FAD Irrigation and Drainage papers
No. 24 1974 198 p.

M. FRERE, F. POPOV "Agrometeoro'logiaaZ crop mOnitoroing and fOY'ecasting"
FAO Plant Production and Protection Paper No. 17 1979 64 p.'.-. .

"Windbreaks and SheUel'beUs" WM(), No. 59 1964 188 p.
Established bya working group of the Commission of Agricultural
meteorology this publication summarised the results of research
on this subject. The bibliography' lists about 550 references.
(another approximately 300 ref,erences on shelterbelts for the
period 1970-1980 are available through the National Agricultural
Library, U.S. Department of LAgricu1ture) •

.. "lJI>ought and AgriaultUI'e!' WMO No. 392 1975 127 p. This
'publication gives consideration to many meteorological factors
of drought including its defini.tion and early recognition,
its effect on plants animals and diseases as well as methods
for alleviating its effects.

J.W. DAVIES ''MuZching Effects on PZant C'Liroote and YieZd" WMO No. 388
1975 92 p. This publication deals with effect of mulching
on the climate of the soil and microclimate near the ground.
The effect of mulching on temperature and moisture regimes
of the soil, soil erosion, soil physics, pest, diseases and
the growth of weeds are given wi ththe .published experiI!1ental
evidence.

w. BAIER, "Crop Weathe:raM{)dBl,s and theirUBe in Yie'td,AsseBsments"
WMO No • .4581971, 48 p!' A review' of the te~hniques currently
available for simulating and analysing crop responses to
weather, with special emphasis on the operational use of empirical
statistical yield models for periodic assessment of regional
produc tion.

"The effect of Meteorological, Factors on Crop YieZds and Methods
of forecasting the yie'ld" WHO No. 566 1982 54 p •.
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c. DANCETTE t J.F. POULAIN "InfZuent:Je de z"aaada albida SUP "les
faateups pedoalima mques et Zes rendements de aultures 11

1969 Sols Africains XIII No.3 (197-238).

H. SMITH, "Ught QuaUty, Photoperaeption and Plant Strategy"
Ann. Rev. Plant Physiology 1982, 33: 481-518

"Symposiwn on Forestry Meteorology" Proceedings of the
Symposium on Forest Meteorology 1978 in Ottawa. WMO No. 527
1978: 233 p.

, '.

Bibliosraphy

''Agpq:i-meteoroZogieahe BibZiographie des DeutJsahenWettev
dienstes" 1978, 1979, 1980. Annual bibliogr'aphy on
agricultural meteorological publications which have become
known to the Central Office of the "Deutscher Wetterdienst ll

in the course of the year. (1980: 2263 references including'
short abstracts).

3. SOCIOECONOMIC INFORMATION

Sources of relevant socioeconomic information may be .ha~der to identify
than for biophysical information. Nevertheless, the following potential
sources, should be checked for information on the study area:

the national census authority

national and regional planning authorities

ministries or departments of agriculture, economic development,
rural welfare, rural health, etc. ,

university departments (researchers in departments of economics,
sociology/anthropology, planning, rural health, etc. may have
published research reports on the area or have relevant information
in manuscript form)

university libraries

libraries of international agencies·

non~government organizations working in the study area

4. INTERVIEWS WIm QUALIFIED INFORMANTS

Qualitative information on all of the above areas of concern may also
be gleaned from interviews with local officials, teachers, extension
agents, rural health workers, community workers, articulate farmers.
etc., as well as from researchers familiar with the study area. For
some aspects of prediagtJostic information, these may be the main sources.



APPENDIX A-2

GUIDELINES FOR DESCRIPTION OF THE BIOPHYSICAL ENVlRONMENT*

ICRAF's Environmental Data Base for Agroforestry. from which the checklist
of biophysical data in Worksheet 1.1 is adapted. is designed to assiSt in'
standardizing information of the environment of agroforestry systems ,and
components in order to facilitate comparison'on a global scale. Several
options are available with regard to 'the level of detail of the information.
Levell is designed to provide a ,broad characterization of the environment,
suitable for large scale descriptioniandanalysis. Level 2 is more detailed,
containing finer subdivisions of the:environmental information, and is '
8uitab~~ for more precise desc~iption~n a smaller scale. Additional options
are also contemplated:' 'Level (j' (juS,t the 'basics) and 'Level 3' (site
specific information sufficient' fdr detailed design work).

" " ' . ••.. - .; i. : •

Wo-rksheet 1.1 and the accompanying legeWlgiven in this appendix represent
a slightly adapted version of levell, intended to be widely applicable
as a checklist for a general description of the biophysical environment for
D&D purposes. In the event that more detailed information is needed and
available, the Prediagnostic Working Group may wish to substitute the level
2 datashcet given in this appendix along with the level 2 legend. The
substitution or ~ddition of more detailed biophysical info~ationmay be done
for all or only some of the basic information categories contained'in
Worksheet 1.1, as the Working Group feels necessary to provide an adequate
Prediagnostic description of the environment of the study area. There is
also the option of supplementing the basic in~ormation at a later stage, if
the D&D Field Team or the post-D&D Fo1lowup Working Group discovers that
more detailed biophysical information is needed.

" ,

Sample outputs of levels land 2 of the Environmental Data Base are given
at the end of this appendix, along with a sample of the provisional 'level 0'
output•. Since 'level 3' information is highly site specific and not very
s~ceptible to standardization, no sample output is given.

To complete Worksheet 1.1, or the alternative level 2 datasheet, simply look
up the descriptors given in the appropriate legend and choose the one which
best characterizes the study area. If the relevant ,environment is highly
heteorogeneous, more than one descriptor may be entered on the worksheet!
datasheet, or alternatively, more than one ~orksheet!datasheetmay be completed
(each refering to some important subdivision of the environment, e.g. a
'land unit' as defined in Step 2.1). '

* Adapted from A. Young. 1983. An environmental data base for agroforestry.
Working Paper No.5. ICRAF. Nairobi.
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LEGEND FOR WORKSHEET 1.1

Basic Biophysical Checklist

LOCATION

Indicate country, province, district, town, etc. ,
Latitude Degrees and minutes if known, to nearest degree if not.
Longitude
Altitude(m) Indicate average and range for the area

GEOLOGY

Igneous or metamorphic non':'basi~, e.g.·granite,·gneiss
Tg~ .or met. basic or ultrabasic, e.g~ basalt,an.desite
Sedimentary other than calcereous,e.g.sandstone,shale
Limestones

. Alluvium, boulder clay ,blown sand, etc~

180

5-180

50
(excluding 5)

rain forest, permanently humid
rain forest, short dry season ('monsoon
one wet. season
two wet seasons

Koppen Classes

A£,Am
Aw, Aw lt

, Cw, ew"
BSh, BSk
BWh, BWk
Cfa
Cs
Cfb
D, E

forest')

Rainfal1(mm) Dry Ycnths

1500 4
600-1500 4-8
250-600 8-10

250 11-12
summar rainfall
winter rainfall
e.g. London

trop. high.IJlOntane)

1 Rain.forest
2 Savanna
3 Semi-arid
4 Arid
5 Humid subtropical
6 Mediterranean
7 Temperat~maritime

8 Cool or cold (includes
9 No data

K8ppen Classification

Hot Climates
1 Af Tropical
2 Am Tropical
3 Aw Savanna,
4 Aw" Savanna,

1 Crystalline, felsic
2 Crystalline, basic
3 Sedimentary, siliceous
4 Calcareous
5 Superficial deposits
6 Other .
9 No data

LANDFORMS

1 Steeply s~oping

2 Moderately'sloping
3 Gently sloping
4 Depositional landforms
5 Swamps
9 No data

CLIMATE

Generalized Type

Dry Climates
5 Bsh Semi-arid, hot
6 Bsk Semi-arid, warm to cold
7 BWh Arid, hot
8 BWk Arid, warm to cold
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"KOppen Classification Cont'd.

Warm Climates
10 Cfa Humid subtropical. montane rain forest
11 Cfb Temperate maritime
12 Cw Highland savanna, one wet season
13 Cw"Highland savanna. two wet seasons
14 Cs Mediterranean

Cold Climates, ,
15 D Temperate continental, tropical and subtropical montane
16 E Cold tundra. high montane

9 No data,'

HYDROLOGY

Surface waterlogging
1 None,
2 Seasonal
3 Permanent
9 No data

River regime (of largest river in the area)
1 Pere~niai. Nearly always at least some discharge throughout
2 Seasonal Dry for part oJ:.-~the year
3 Intermittant Flows only for short periods after rains
4 None No river in the area
9 No data

the year

deteriorated over time? (lower or shor~er flow,

No evidence of degradation
Degradation present but not
Severe degradation

Degradation of river regime
Has the river flow regime
more flash' floods?) ,. ,
1 Absent
2 Present
3 Severe'
9 No'data

severe

SOILS

Generalized Type

1 Latosols

2 Vertisols

3C&lcimorphic
soils

FAO soil classes included

ferralsols. acrisols
luvisols, nitosols

yertisols

chernozems, phaeozems.
kastanozems, redzinas

Description'&.synonyms

'Red &yellow' tropical soils,
fe~allitic & ferruginous soils,
OY.J.sols & ultisols

,Black cracking clays.
'black cotton soils'

Free caC03 present; includes
brown soils of semiarid zones,
'chestnut soils'

4 Desert soils xerosols, yer~Dsols

5 Saline or solonchak, solonetz
alkaline so:1.1s'

6 Cleys, alluvial gleysols, fluvisols.
soils or peat planosols, histosols

7 Shallow or lithosols,rankers,
immature soils regosols, arenosois,

andosols,

8 Temperate soil cambisols, podzols~

types podzoluvisols, greyzems

9 No data

Sand or rock, slight or no
hO,rizon development,,,

Of desert or coastal origin

Poorly drained valley floo~ &
swamp soils, gleys but not verst!
vertisols

Exclusing qesert soils which are
placed in class 4

Brown earths. podzols,'podzolic
soils'
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Local Soil Classification, ••••••..•••.•.•.••...••••••..•••••••.••••..

Soil degradation
Have soil properties deteriorated ~s compared with their condition
in the past? Which t if any, o~ the following types of degradation
are prominent in the area?

9 No data

1
2
3
4

5

6

7

Water erosion
Wind. erosion
Salinization or sodication
Chemical degradation

Physical degradation

Biological degradation

Fertility decline

Including sheet and/or gully erosion

Including acidification, lower~ng of b~ses

or nutrients, toxicities e~cept as in 3

Loss of pore space, compaction, decline in
permeability {" water st~~o!l;f?e:.:caI?ac.itY;,,etc.

Decline in organic matter or soil
biological activity

Lowering of the capacity of the soil to
produce crops, through combination of
chemical. physical & biological degradation
(to be used where precise causes are unknown)

VEGETATION

Generalized type
Note types important in the area

;,

'I Rainfores t
2 Tropical deciduous

woodland
3 Savanna

4 Thorn scrub or thorn
woodland

5 Grassland
6 Semi-desert vegetation
7 Desert
8 Temperate deciduous

woodland
10 Coniferous woodland
11 Montane vegetation
12 Swamp
13 Planted vegetation

9 No data

Incl. evergreen, semi~deciduous & montane
Savanna woodland, crowns 40% cover

Tree/shrub over 40%, predominm\tly
broadleaved with well-developed grass cover

Xeromorphic vegetation. predominantely
thorny and/or microphyllous '

Of any origin excluding so.~ pastures

Excluding plantations (see 13)
Excluding montane grassland (see 5)
Inc!. lDangrove and other coastal swamp
Incl. crops, forest plantations. SOi·m

pasture, etc.

Degradation of vegetation
Is there evidence of vegetation degradation as compared tapast, conditions?
Are there widespread symptoms of any of the following forms of degradation?

1 Decreased plant density Including defo~estation, denudation,
or biomass decreasing density and/or size of plants

2

3

Unfavourable change in
species composition

Insufficient regeneration

Incl. hush encroachment, invasion of
unpalatable species. lack of straight trees

As evidenced, for example. by lack of
young trees.
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LAND USE

What forms of land use are prevalent in the area? List by land unit
in which the land use type is found (see guidelines for Step 2.1 for
definition of land unit).

1

2

3
4

5
6

7
8
10
11
12
13
14
15
16
17

Annual crops

Tree and shrub crops

Field perennial crops
~wnmp rice

Gardens
Irrigated agriculture

Grazi~g of natural pastures
Grazing of improved pastures
Forestry, natural forests
Forest plantations
Recreation and tourism
Wildlife conservation
Water catchments
Engineering uses
Unused
Other uses

Including cassava, hill rice, vegetables
if on a field scale; excluding swamp rice,
vegetables if on a small plot/garden basis

Including fruit trees; excluding crops
listed under 3

Sugar cane, sisal. pineapple. banonns
If irrigated, code also as 6

Intensive cultivation on small plots .
Including rice if water brought to fields
but not if retention of rainfall only;
including irrigated grazing

Including nomadic grazing, rancing
Sown or substantially improved pastures
For timber and/or products

With specific intention of this purpose
With specific intention of this purpose
Any form of construction
No specific intention of use

No data
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ICRAF ~NVIRO~~TALDATA BASE: LEVEL 2 DATASHEET

DATA SET

User's initials ........ User's ref ••••••••• T1tle a ••••••

SITE REFERENCE NO. 0---
"User's ref .. ono.00--- • _ Title .••••••••••••• Source ••••••••.••.•••..•.

Country ..•.•..•.•••• ··I.ocation .

Latitude Longitude '_',Re1.. 0./ Altitude ' Rei. I

GEOLOGY

Geological formation: name •••••••• °
0
••••••••••••••

ROCK TYPE I ,RELIABILITY 01

Grain size I

age ~ lithology - ., .. ~ ........••.......••......•.•.........

LANDFORMS .

LANDFORHS OF AP.EA __----I' RELIABILITY ....0..-__'

position on slope I

Description e._ •••••••••••••••••••••••••••••••••••••., -

degrees ~ percentSlope angle at site: _

Relative relief ---
At site: slope curvature I
CLIMATE

GENE~IZED CLIMATIC -TYPE , RELIABILITY I
K8PPEN CLIMATIC CLASS , RELIABILITY ,

o AItitude zone' Rainfall regime ,

Mean annual temp. Mean annual rainfall No. of dry months _

Mean temp. t hottest month Mean temp. t coldest month _

Rainfall, driest month Occurrence of frost ,

Mean annual Eo By which method? •••••••••••••••••••••••••••••••••••••••

Growing period _Humidity index r/Eo _

HYDROLOGY

SURFACE WATERLOGGING __--il RELIABILITY I

............................................
RELIABILITY I

RELIABILITY 1

.. .. .. .. ... .. .. .. .. ... .. ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. ... .. .. .. .. .. ..

Other, soil class ...................................... on •••.••••••••.••••••••C1assification

.... ~ .........

Reaction I
Other features / _/_ ..-----•••••••• B horizon

B.horizon

Texture ,

Drainage 1
Texture class: topsoil

pH: topsoil _

Drainage class: I Depth to limiting horizon _

Soil degradation: type , severity 1
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.....................................................
· .

.......... ' ~ .
· .

___,I

___,I
RELIABILITY

RELIABILITY

___,IAREA___I

--_./

SITE

severity

nature t causes

VEGETATION

STATUS OF VEGETATION I
GENERALIZED VEGETATION TYPE':

UNESCO CLASSIFICATION: SITE

AREA

Physiognomic vegetation type'

Vegetation association

Vege tation degradation:,

__--,I

FAUNA AND DISEASE

AFF. PLANTS: termites

AFP. ANIMALS: tsetse

LAND USE

MAJOR KIND OF~ USE

__......1

__....,,1

Other

Other

_____.11 •.•.•..•.••......•...•........
______,1 • • • • • • • • • • • • • • • • • •• ReI.

___,I

Description •.•...•..•.•.••.•.....••.. ~ ~ ~ •..... ~. ~ ....•...........

· ~'." ' .

........ - ,., - .

__-!I --_./

........' - , .;

Coded 3

Numeric 3

Descri?tive 3

Agro;orestry class 1
USER-DEFINED ADDITIONAL DATA

Coded 1 / Coded 2

Numeric 1 Numeric 2

Descriptive 1

Descriptive 2 ~' .•• _... ~"..•.•.. e._ •••

GENERAL NOTES ON SITE

• '. -•••••••••,.,.' •• , ~ 4o •••••••• "'';' •••

· .: .
· .
•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 4 •••••••••••••••••••••••

SUPPLEMENTAR.YDATA
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ICRAF ENVIRONMENTAL DATA BASE

LEVEL 2: LEGEND SlIEET

This sheet covers the full list of data items used in level 2.
The legend sheet gives only instructions, explanatio'ns and'codes for com';'
pleting the check-list. For background discussion, including reasons for
data selected, see "An environmental data base for agroforestry infortDation"
ICRAF Working Paper, (1983). .

Instructions in itaZics itefe~'to aolTtputar-compatibit.ity; they need not be
fo~lotved if the data,is to be 8tol~ed and processed' nrmuat:Ly., ..

Using one copy of the cheCk-list for each site, enter code numbe~s or fill in
values. Data shown as must be numberts only. Data shown as ~'•• ~'•••••
may be words and/or numbers.

Multiple values. Up to tfJXJ values can be... acaepted for any data item. Two (un
coded) numerica1 values are assumed to represent a range. The aomputer ~~ll

erpect one value; to inst!'uct that 1;w are to be given" enter 888 (this applies
to coded as :Jell as nwr.-eric l'esponses). Ifthel'e are rtrJl'e than two values" the
third~ can be given tmder 'General Notes' at end.

No data 'No data' includes 'not relevant, not applicable'. For 'no data' enter:

Coded data: '9
Numerical data: 999
Verbal data:

N.B. Do not simply press the Return
key" acthisdeletes the :Jhote entry.

Sentences. In 'longer verbal data" do not use' Cortm:lS" somi-cotons" colons except
at ends Of Unes.

Reliability codes. The following codes for reliability of, information are used
throughout:

1 Confident
2 Probable
3 Guess
9 No data

DATA SET. This refers to the data set as a whole, e.g. 'Sites of recorded AF
Systems', or 'Growth requirements of multipurpose trees'.

User's initials •••••••••
User's ref .••••..••.•.•.

Title .•.••••••••••••••.•
Description of data set

SITE

REFERENCE NO.

User's ref. no.

Ti tle •..•..•....•••....

User~s reference to data set; may be a reference
number and/or letters.
Title of data set, see examples above.
This ie not entered on each check-list, but on a
separate sheet. For manual reference, it can be
of any length. For computel' stomge~ it is
entered only once~ L1i.th a ma:dmwn of 5 JUnes.

Sequential, reference number; for any data set
must be successively 1, 2, 3, •••• etc.
If the site is already known to the user by a
different number, it may be entered here;
otherwise re-enter sequential number.
Short title of site.
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Source of information, e.g. 'Parkinson
(1979) • '

Country .. ~ ..

.,

..................................................Location

Latitude Longitude

Reliability I
Al titude (m)
Reliability J

GEOLOGY

1 CrystaUine. felsic
2 Crystalline, basic
3 Sedimentary, siliceous
4 Calcareous
5 Superficial desposits
6 Other
9 No data

Reliability . I
Ro.ck, type ..

Grain size:

Geological formation:

LANDFORMS

E.g. district, nearby town, experiment
station.
En~r 'minutes Cl8 a p8eudo-decim::z~ 6. g.
1~47 as 15.11 '.
Give as 1 if confident to +1°.

Give as 1 if confident to ~ 100 m.

IgenouB or metamorphic, non-basic, e.g., grani,te,gneiss
Ig. or met., baaic or ultrabasic, e.g.basa1t, andesite
Sedimentary other than ca1careous, e.g. sandstone, shal
Limestones
Alluvium., boulder clay,blown sand, etc.

,See above
Any known name; age can also be ~ivenif wished, e.g.
Jurassic sandstone

1 Coarse grained
2 Medium grained
3 Fine grained
9 No data

name ••••••••••••••• e.g. Kapata Beds
age •••,•••••,•••••••• e.g. Jurassic
lithology •••••••••• e.g. sandstone

Landforms of area: give more detailed (two-digit) class if appropriate and
data sufficient, otherwise generalized class as for
Levell.

degrees percent

1 Steeply sloping Dominant slopes >180 >30
10 Very steep " " >25°' >45
11 Steep " " 18-25° 30-45

2 Moderately sloping 5-18° 8-30
12 Moderately steep " " 10-lSo lS-30
13 Moderate ,II " 5-100 8-18

3 Gently sloping " " <so <S )
14 Gentle ' ," ' II' 2_50 3-8)erasional landfol:
15 Very gentle " " 4 0 <3 )

4 Depositional
landforms (excluding 5)

16 Alluvial
17 Marine

5.- ~,jamps

18 Freshwater
19 Salt water

9 No data
:..

De~~~iption •••••••••••••••• General description of landforms
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Slope angle at 81te degrees .2!. percent

If not a specific small area, angle not relevant,
If a small area, but no data on angle~

enter 777 degrees
enter 999 degrees

Relative relief (m) _____ local average highest difference, e.g. hill-valley

At site: slope curvature 1 convex
2 straight
3 concave
9 no data

)refers to shape in profile,
)i.e. cross-section
)

position on slope 1 crest
2 upper slope
3' nddslope
4 lover slope

CLIMATE

A. GENERALIZED CLIM..\TIC TYPE __~I

5 base
6 other (slopes'of complex

shape)
9 no data

RELIABILITY __~I

The definitions of the generalized climatic types are in terms of the Koppen
climatic classes included in each; ~here sufficient data, are available, it 1s
therefore better to fill in Section B below first. The guidelines are approx
imate only, for use where more detailed data are not available.

Code and name

1 Rain forest
2 Savanna
3 Semi-arid
4 Arid
5 Humid subtropical
6 Mediterranean
7 Temperate maritime
8 Cool or cold
9 No data

Koppen classes'
included
Af,/un
A'H, Awn, ew, ew"
BSh, BSk
BWh, BWl<:
Cfa
Cs
Cfb
D, E

Approximate guidelines and' notes

Code and name

1 Rain forest

2 Savanna

3 Semi-arid

4 Arid

Approximate guidelines
(lowland tropics)

Rainfl;l1l Dry
(mm). months Notes

>1500 <4 Permanently humid or
short dry season

600-1500 4-8 Seasonally humid
with dry season(s)

250-600 8-10 Short rainy season;
'steppe', sahel

<250 11-12 Desert

Typical locations,

Singapore
'Belem

Lusaka
Caracas

Delh~
Niamey

Khartoum
Lima

5 Humid sub
tropical_

Swnmer
rainfall

East sides of continents;
includes also montane
rainforest

Hongkong
Nell Orleans

•• l



6 Mediterranean

7 Temperate
maritime

winter
rainfall
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Ex('luding semi-arid,
arid, see 3,4 above

Rome
San Francisco

London
Wellingt.on

8 Cool or cold

9 No data

,~.' Includes tropical
high montane

Moscow
Kilimanjaro

B.' KOPPEN CLIMATIC CLASS /----,
For definitions and key, see ,Attachment A.

A: Hot climates

RELIABILITY __..../

1· AI
2 Am
3 Aw
4 Av'

tropical rain forest, permanently humid
,Tropical rain forest, .short dry period ('monsoon forest'~

Savanna, one wet season
Savanna, two wet seasons ..

B: Dry climates

5 BSh
6 BSk
7 BWh
8 BWk

Semi-arid, hot
Semi-arid, warm to cold
Arid, hot
Arid, warm to cold

C: Warm climates

) Including
) KOppen
)a, band c

10 Cfa
11 Cfb
12 Cw
13 Cw"
14 Cs

D, E:

15 D
16 E

9

Notes

Humid subtropical; also montane r~n forest
Temperate maritime
Highland savanna, one wet season
Highland savanna, two wet seasons
Mediterranean

Cold climates

Temperate continental; also tropical and subtropical montane zone
Cold tundra; also high montane zone
No data

Cfb is used as an abbrevia tion to cover Cfb and Cfc
Cs exCludes summer-rainfall climates which fall into !S or BW.

RELIABILITY I

.C. ALTITUDE ZONE

Give as 1 if calculated ~ if estimated with
much confidence; for other estimates, give
as 2 or 3•

Computer will include this automatically if altitude has been included under
site data above.

1 Lowland
2 Highland
:3 'Montane
9 No data

Altitude <: 750 m
II 750-2000 m
" >2000 'm

.. 5/
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D. RAINFALL REGIME

1 Unimodal. maximum in summer (high sun period)
2 Unimodal t maximum· in winter (low sun period)
3 Bimodal (only give as bimodal if clearly so)
4 Uniform (all-year wet with no clear maximum, or all-year dry)
9 No data

E. PRINCIPAL VALUES

)
)If no data enter 99~

)
or otherc:30 mm)

·Mean annual temperature t °c----Mean annual rainfall, mm _
Number of dry months _

(tropics<:60 rom, subtropics

Mean temperature t hottest month _(oC) . ). In conjunction with data
Mean temperature. coldest month (oC) ---- )given at Level It these-
Rainfall, driest month (mm) )permit calculation of

Koppen class

Occurrence of frost: 1 never or rare
2 common
3 every year
9 no data

Mean annual Eo (mm) Op~n-water evaporation,. observed or calculated
By which method? ••••••••••• 'Pan'= class A evaporation pan

'Penman' =calculated by Penman formula
or name other formula used

Computer will print rainfall: evaporation ratio, r/Eo

Growing period Days, as calculated by FAO agro-ecological zones method.----
Users may wish to add monthly values of temperature, rainfall and evaporation
data at the end of the check-list. This information i~ not computer-stored.

HYDROLOGY

SURFACE WATERLOGGING _"------', RELIABILITY ,

1 None_
2 Seasonal
3 Permanent
9 No data

May include standing water
" If II

Groundwa ter type ,1

I Fresh
2 ·Saline
9 No da'Ca

Computer will assume fresh unle
2 or 9 is marked, i.e. 'no data
implies there -is doubt whether
saline.

Groundwater depth, m: average _

• lowest ----
highest. _

approximate average for year

usually late dry season

wet season

Flooding frequency ~I 1 never or rare 3
2 common 9

frequent
no data

•• E
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of largest ri~er easily accessible from site (guidel~ne<:5 km,
but flexible according to circumstances)

1 Perennial

2 Seasonal

3 Intermittent
4 lione'
9 No·· data

At least some discharge throughout year in
every or nearly every year
Continuous discharg~ for some substantial
period of every year, dry for part of year
Flow only for short. periods, after rat~s

No easily accessible river . '.:

Degradation: has river flow regime has deteriorated adversely through human
.. activities; eo'g. lower or shorter base· flow, more flash floods?

1· Absent

2 Present
3 Severe
9 No data

SOILS

. :.'
'; '.-

A~ GENERALIZED SOIL TYPE I---' RELIABILITY _ ....... 1

The definitions of the generalized soil types are in terms of the FAD soil classes
included in each (see Attachment B). The guidelines an~ sY:-D~xm! are for
use where the FAO class is not known.

.'

Code and name

1 Latosols·

2 Vertisols
:}-"'.','

3 Calcimorphic
soils

FAD'soil classes included
i

ferralsols, acrisols,
luvisols, nitosols

vertisols

chernozems, phaeozems,
kastanozems, rendzinas

'Red and yellow' tropical
soils; incl~des ferallitic
and ferrug~ous soils (CCTA,
French), oxisols and ulti
sols (US)

Black cracking clays, 'black
cotton soils'

Free CaC03 ?resentj includes
brown soils of semi-arid re
gions (CCTA}, 'chestnut
soils'

4 Desert soils xerosols, yermosols

5 Saline or alkaline solonchak, solonetz
soils

6 Gleys, alluvial gleY501s, fluvisols,
soils or peat planosols, histosols

7 Shallow or lithosols, rankers,
immature soils rcgosols, nrenosols,

andosols

8 Temperate· soil cambisols, podzols,
types podzoluvisols, greyzems

9 No data

Sand or rOeL; slight or no
horizon de~21opment

Of desert o~ coastal origin

See Note below

I

Excluding desert soils,
which ar~ p:aced in class 4

Brown earths. 'podzolic
soils' I poc.:ols

.. 7/
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Poorly-drained soils of. valley floors and swamps should be classed as 6,
Gleys, unless there is positive evidence of being widely-cracking bl~ck

clays (=2, vertisols).

FAO CLASSIFICATION: MAIN GROUP •••••••• 1 SOIL UNIT ••••••••1 RELIABILITY 1

G~ve the class of soil. accord~ng to the FAO system (FAOIUnesco (1974) So!l Ha2 of
the World 1: 5 000 000, .. Volume '1, Legend). Attachment· 2 gives the soil units and
their letter codes, togethe~with a summary and analogues in the US soil taxonomy.
For further details, refer to the Legend Volume.

As the classification.employs letter codes, these same codes are used in the data
base, he~ce the symbol •••••••• 1

'Main group' refers to capital-letter (noun) classes, e.g. J Fluvisols. 'Soil
unit' refers to two-letter (adjective-noun) classes, e.g. Je Eutric fluvisols.
Enter letter code alone or, preferably, code plus name •....
Other soil type ••••••••••••••••••••••••••••.••

On which classification1 .•••••••••••••••••••••

B. PRINCIPAL SOIL PROPERTIES

Any other known name;two or more
names may be included.
Refers to previous question: in
ternational classification (e.g.
US I French/ORSTOM) or local name.

Texture, reaction and.drainage, predominant for profile.

Texture

Reaction:

Drainage:

1 sandy
2 loamy

3 clayey
·9 no data

1 strongly acid
2· acid
3 neutral
4 alkaline
9 no data

1 well drained
2 imperfect
3 poor
9 no·data

sand, loamy sand
sandy loam, sandy clay loam, medium loam,
sil ty textures
sandy clay, clay, heavy clay

pH >5.0 (only if clearly so)
pH 5.0-6.5
pH 6.5-7.5 (or if profile transgresses 7.0)
pH . >7.!J

drained classes excessive, well drained
11 II moderately well, imperfect

poor, very poor

other •••••••••••••••••••••Mark 3 and name feature
none or no data

Other ·features:l
2
3
9

shallow
saline

lillliting horizon (rock, laterite, etc.) at>5

The generalized information given at Level 1 is supplemented by the following
more precise data if representative profile descriptions are availabl~.

'Topsoil' refers to 0-20 c. depth or the ploug~/hoe layer.
'B horizon' has its standard pedological meaning, typically c. 50 em depth.

Texture class: topsoil ••••••••
B horizon ••••••

) Enter capital-letter abbreviation of
} standard. international textural classes

using 'z' £~r silt, viz:

S, LS, SL, L, ZL. SCL. CL, ZCL, SC, C.
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Reference: FAO (1977) GuideliQes for joil profile d~scription, 2nd edition.

pH: Topsoil . B horizon---- ---- In water at 1: 2.5 if data available

Drainage class I The codes used are the same as the class numbers of the
standard international system (FAa (1977), see above). To avoid confusion in
computer storage, "Class 0: very poorly drained' should not be used, but com
bined with, and entered as, Class 1.

1 Poorly drained (see note above)
2 Imperfectly drained
3 MOderately well drained

4 Well drained
5 Somewhat excessively drained
6 Excessively drained
9 No data

Depth to limiti?& horizon (em) To rock, laterite, or other obstruction---- to roots. If no limiting horizon re-
corded to at least 150 em, enter 150.
Note that the usual unit for soil depth,
centimetres, is employed.

r.

Users may wish to attach one or more soil profile descriptions to the check-list.
This information is not computer-stored.

Soil degradation: type ~I severity .1

Is it believed that soil properties have deteriorated, andlor are deterioratiag,
as compared with their condition at some past period? The types of degradation
are those given in FAa (1979), A provisional methodology for soil degradatio~

assessment, except that an additional and more generalized descriptor is giv~.
'fertility decline', to be used where precise causes are not known.

1 Water erosion
2 Wind erosion
3 Salinization or sodication
4 Chemical degradation

S Physical degradation

6 Biological degradation

7 Fertility decline

9 No data

Severity: 1 Absent

2 Present
3 Severe
9 No data

VEGETATION

Including sheet and/or gully erosion

Including ~cidification. lowering of bases 0=

nutrients, tOAicities (except as in 3)
Loss of pore space, compaction, decline in
permeability and water storage capacity, etc.
Decline in organic matter, biological activitY
in soil

Lowering of the' capacity of soil to produce
crops, through combination of chemical, physical
and biological degrad~tion.

A positive statement that there has been no
substantial soil degradation

Vegetation status of site ~/

1 Natural vegetation.

2 Planted vegetation

Communities of predominantly natural (self-so·.m)
origin, even if believed to be subclimax or C~

graded

Communities predominantly planted, e.g. crops.
forest plantations, sown pasture . . 91
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9 No data

GENERALIZED VEGETATION TYPE SITE AREA •••••••••

If statu~ (above) = I, enter the same code for site and area
If status (above) =2, enter 12 for site, and give observed or assumed
vegetation of area as a whole.

Code and name

1 Rain fores t

2 Tropical deciduous woodland

3 Savanna

4 Thorn scrub qr thorn
woodland

5 Grassland

6 Semi-desert vegetation

7 Desert
8 Temperate deciduous woodland
10 Coniferous woodland
11 Montane vegetation
12 Swamp
13 Planted vegetation

9 No data

Reliabili ty ,I

Description and notes

Including evergreen, semi-deciduous and
montane

Savanna woodland, crowns >40% cover; S.
America cerradao

Treelshrub cover<:40%, predominantly broad
leaved, plus well-developed grass cover; S.
America· cerrado

Xeromorphic vegetation, predominantly thorn:
and/or microphyllous

Of any origin, including climatic. hydromor
phic, montane, but excluding sown pastures,
sea 13

Excluding planta tions., see 13
Excluding montane grassland, see 5
Including mangrove and other coastal swamp
Including crops, forest plantations, sown
pasture (see also land use, below)

UNESCO CLASSIFICATION: SITE ••••••••••

ARE.A••••••••••• RELIABILITY __-"I

Give the type of vegetation according to Unesco (1973). International classi
fication and mapping of vegetation. As the classification employs letter'codes,
are employed in the data base, hence the symbol ••••••• 1 The subdivision should
be given, e.g. III.A (not III). For detailed definitions, refer to the source
given. Enter code plus name.

I

LA
LB
I.C

II

ILA
ILB
II. C

CLOSED FOREST

Mainly evergreen forest
Mainly deciduous forest
Ex~remely xeromorphic forest

WOODLANDS

Mainly evergreen woodland
Mainly deciduous woodland
Extremely xeromorphic woodland

IV

IV.A
IV.B
IV.C

IV.D

IV.E

DWARF-SCRUB AND RELATED
CONMUNITIES

Mainly evergreen dwarf-scrub
Mainly deciduous dwarf-scrub
Extremely xeromorphic dwarf-shrublan(

l'undra

Mossy bog formations with dwarf-shrul

•• lC
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V. HERBACEOUS VEGETATION

V.A
V.B
V.C
V.D
V.E

III

IILA
IILB
III.C

SCRUB

}~inly evergreen scrub
Mainly deciduous scrub
Extremely xeromorPhic (sub
desert) shrubland

Tall graminoid ~egetation

Medium tall grassland
Short grassland
Forb vegetation
Hydromorphic fresh-water
vegetation

VI PLANTED VEGETATION

Physiognomic vegetation type ••••••••• Description (maximum one line)
Vegetation association ••••••••••••••• Main genera or species, trees and shrups

and/or grasses etc.

Vegeta don degradation: severity,j
nature, causes •••••.••••••••••••.•••.•..••.••••••••.•

Is it believed that the vegetation is degraded as compared with its condition in
some past period?

Severity: 1 Absent

2 Present
3 no data

A positive statement that it is believed there bas been
no substantial degradation

FAUNA AND DISEASE

.. ~ .

Termites ....../ 1 Present
2 Absent
9 No data

Tsetse 1 1 Present
--~ 2 Absent

9 No data

Other significant fauna, plant or aJ1imal pests or diseases:

9 No data2No1 YesAffecting plants ,I
Details " e,_ ..

E.g.: - animal pests (e.g. rabbits)
- bird pests (e.g. Quelea)
-: locusts

- other insect. pests
- soil fauna
- plant diseases

9 No da.ta2 NoAffecting animals ~J . 1 'Yes
Details " " ~' ..
Pests affecting stored produce, and diseases of humans, are not currently includec
in the data base.

RELIABILITY I Of information on fauna

LAND USE

Intercropping and other mixed systems, including agroforestry, are. indicated by
use of more,than one code, e.g. coconuts with grazing beneath as 28 /, maize
and coffee with fuelwood trees as 1 2 11 /. For' this item, the computer IJliH
accept up to· three codes;enter 888 to request more than one, then if there are
only two, enter zero for the third. For agroforestry systems, see also
below.' .

MAJOR KIND OF LAND USE ./ RELIABILITY __-.-:/

.. 1:



Code and name

1 Annual crops

2 Tree and shrub crops

3 Field perennial crops
4 Swamp rice

5 Gardens
6 Irrigated agriculture

7 Grazing of natural pastures
8 Grazing of improved pastures
10 Forestry. natural forests
11 Forest plantations
12 Recreation and tourism
13 Wildlife conservation
14 Water catchments
15 Engineering uses
16 Unused
17 Other uses
9 No data
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Notes

Including cassava. hill rice, vegetables
if on a field scale; excluding swamp rice.
vegetables if on a small plo·t/garden basis

Including fruit trees; excluding crops
listed under 3

Sugar cane. sisal. pineapple, bananas
If irrigated. code also as 6

Intensive cultivation on small plots
Including rice if water brought to fields
but not if retention of rainfall only; in
cluding irrigated grazing

Including nomadic grazing. rancing
Sown or substantially improved pastures
For timber and/or products

With specific intention of this purpose
With specific intention of this purpose
Any form of construction
No specific intention of use

Description ........................................................................
Agroforestry class

Description

___I

There is at prese:lt no standard or widely-accepted classification of agroforestry
systems in use, _~thin ICRAF or elsewhere. However. individual users may have
their own classification systems which they wish to include in the data base.
There is therefore space for a coded agroforestry class, followed by a verbal des
cription. The user can insert class definitions. which will then be included in
the printout. Code 9 or 999 should be allotted to No data/Not relevant.

USER-DEFINED ADDITIONAL DATA

Some additional eata items are included in Level 2 of the data base. However, there
may be items of e::.vironmental data specific to a particular data set which the user
wishes to insert. Provision is made for inclusion of up to 3 coded items, 3 numeric
items. and 3 desc~ptive (verbal) items. For the coded items, the user must define
the classes.

GENERAL NOTES ON SITE

A short descripti~n of the main, or distinctive, features of the environment at
the site. Maxirm... of 4 "Lines;' COT'l1!1US.. colons and semi-colons may only be used at
the ends of "Lines. . .
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SAMPLE OUTPUT

reBA? ~~VIRONMENTAL DATA BASE, LEVEL 0

NOTE ON DRAFT "Level 0" ia a possible addition, giving the

setting only, in te~s of the classifications of each environmental

factor. As it has ~ot yet been programmed, the output envisaged is

given in typed fo~. as follows:

SITE 1

LOCATION

GEOLOGY

LANDFORMS

BATU ARANG

PENl:.sULAR MALAYSIA
100 !M NW OF KUALA LUMPUR
LATI7crDE: 3.25 N
LONG!TUDE: 101.;2 E
ALTI:'UDE: 100 M

'SEDI~'TARY, SILICEOUS

MOj)E?_~'!'ELY SWPING

RELIABILITY

1

1

2

1

CLIMATE RAIN' ?OREST 1
KOPPEN: AF ':'3.0PICAL RAIN FOREST, PERMANENTLY HUMID 1

HYDRO,tDGY

SOIrs

\oIATE?LOGGING: NONE

LATOSOlS 1
OR S~~ANG-MUNCHONG ASSOCIATION ON MALAYSIAN CLASSIFICATION

VEGETATION

LAND USE

SITE: :UIN FOREST
AREA: RAIN FOREST

FORES:'RY, NATURAL FORESTS

1

1
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SA.'1PLE OUTPUT

I CF:HF Elf·." 11<01 jl'IEH j t-lL UHf H E:ti:::;L., U:.:'·... l:.L 1

F:EL I AE: I L I PT'
:::OUPCE '...'ftF: I OUS

LOCATIOH PENINSULAR MALAYSIA
106 KM NW OF KUALA LUMPUR
LATITUDE: 1

::;:.25 N
LOHGITUDE:

101. :2:2 E
ALTITUDE: 1

GEOLOG't' SEDIMENTARY, SILICEOUS 2
SHALES QUARTZITES ETC

NODEF.:ATEL'T' :::LOP I t,jG 1
UNDULATING AND ROLLING TERRAIN WITH NARROW FLAT VALLEY FLOOF
SLOPE ANGLE 6 12 DEGREES

(10 21 PERCENT)

F.:A r N FOREST
AF TROPICAL RAIN FOREST, PERNANENTLY HUMID
ALT.ZONE: LOWLAND
RAINFALL REGINE: BIMODAL
ANNUAL TEMPERATURE 26.1 C
ANNUAL RAINFALL 2437 MM
WITH (I DRY NONTHS

1
1

tKI DRTA

WATERLOGGING: NONE
GROUNDWATER: FRESH
GROUNDWATER DEPTH, MEAN

.
CLlt'1ATE

KOPPEN:

H'T'DROLOG"r'

LATO:::OU;;
OR SEROANG-MUNCHONG ASSOCIATION ON
TE::<TURE : LOAl'1'T'
REliCT I Ot·j: :3TF.:Ot·lGL'T' AC I D

. DRAINAGE: WELL DRAINED

1
MALAYSIAN CLASSIFICATION

TO CLA'T'E\'
TO AC:ID

'·.·'ECiETAT I OH r1ATURAL
SITE: RAIN FOREST
AREA: RAIN FOREST
SECONDARY LOWLAND EVERGREEN RAIN FOREST
OIPTEROCARP FORMATION

1

FAUNA, DISEASE TERMITES: PRESENT
T:::EE;E : ~'!O DATA
AFF. PLANTS : AMBROSIA BEETLES

FORESTRY, NATURAL FORESTS
SECONDARY FOREST (MALAY BELUKAR)
AGROFORESTRY CLASS: 9
t·10HE fiT F'RE~~;Etn

1

T','P 1(til' F·EF·!·lt-1t lU·HL 'T' : {1.lt·1 I [) LCH·JUitlD Fli I 1·1 FOFC::;T Hr·... 1ROt·jt·lEf·n
:.):r TH '::::TROI11.-L'r' LEliCHED :;:;() I U::. F'np TD PI..8tH GPO~.ffI'{.

[lC~;::::Pl F'1 lOtI F'EFER~::; TO IHTERFlJI'.... E::::. HL.~:J) f'PE:::;ElH fiRE
r=un flU.U'",' I I'll.. •·... rIL.LF:',' FL.OOr-:"::: \.j I TH POOP DF:I=1 r tInGE-: .; t'lALf"t'r' UJF'Hf. '.



SITE I

'v'm;:IOIJS
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F:£L1 fiB I LIT','

Example of output
from the Environmental
Data Base, Level 2.

PErl H1';;ULflR riALA"S I fl
100 KH tll~ OF" KUALR LUtlPUR
LRTlTUCtI:::

[.(ICATI Ol~

LOllOITlIOEI

AI..T ITUOE I

3.25 H

1I:H.·32 'E

10a"M

The Malaysian
CQSPRO aite

'.

GEOLOGY

Cl.IHATE
I<OPPEtI:

HYDROLOOY

SOIl.S

VEGETATIml

..
SEDIMENTARY, SILICEOUS
COARSE ORAIHEO~': ,
AND FIHE ORAI1€O'
GEOLOGICAL FORMATIONI

HO DATA" "
TRIASSIC?, ..>' .•
SAHOSTOHES·tiUARTZITES ETC

I100ERATELY SLopiNG I
UHOlJLflTItlQ. flttD,ROLL·iNO..TERRAHI WITH I~ARRO'" FLAT YALl.EV FLOO~.
SLOPE AHOt.E '6 ";:":';1:2"; DEGREES

. ( 19. .,. ,.. 21 .PERCEHT>
RE\.ATIVE·RELIEF· 56'· 11
SLOPE CURW\TURE 1.t1O: DATA
POSITIoN ·.·.1 ·NO·DATA

RAIN FOREST
AF TROPICAL RAIWFOREST, PERMAHEHTLV HUHICI
tlLT• ZOllE I LowLRHO
RAINFALL REGIME: BIMODAL
AHHUAL TEMPERATuRE 26. 1 C
ANNUAL RAINFALL 2437 11M
WITH e DRY MONTHS
HOTTEST MONTHI 26.6, C
COLOESTtIOHTH: 24.S· C
DRIEST MOHTH : 132.11/1
FROST NEVER. OR'RARE
AHNUAl EO : tlO DATA
HUHIOIT~ INDEX RlEOIHO DATA
GROWINO PER~ODl' NO,DATA

WATERLOGGING: I-IOHE
OROUHOWATElh FRESH'
GROUHOWRTER DEPTH, I1EAH l NO DATA

LOI4£ST : NO DATA
HIGHEST: NO DATA

RIVER REGIME:' PERENNIAL
OEORAOATlOH : HO DATA -

LATOSOLS
FAO CLASSIFICATIOH: 2

MAIN GROUP: F FERRALSOLS AHO H tllTOSOLS
SOIL UNIT : NO DATA

OR SERORHQ-MUHCtlOHO ASSOCIATION ON HALAVSIAH CLASSIFICATIOI1
TEXTURE : LOAMY: TO CLAYEY
REACTIOH: STROHOLY ACID TO ACID
DRAINAOE: WELL DRAINED
TEXTl.fRE CLASS, TOPSOIL : N.D.

S HORIZONI ... 0.
ORAltlAOE CLASS: HELL DRAINEO TO SOHEHHflT E~(Cr:':·U"'''I.',' I)~'.

HO OATA Oli DEPTH TO Lll1lTHlG HORIZOH
DEGRADATION: NO DATA
SEVER I TV : ABSENT

HATURAL
SITE: RAIH FOREST
AREA: RAIN FOREST
U1~ESCO CLASS I FCAT! ON I

SITEl I.A MIANlY EVERGREEN FOREST
AREA: AS SITE

SECQ~ARV LOIolLAHD EVERGREEIl RA HI FOREST
DIPTEROCARP FORMATION
DEr,RAOATIO~ ABSENT

LHIIO USE

~t:M~F\, DISEASE TERMITES.: PRESENT
TSETSE : tro DATA
AFF. PLAIns : £1118';:05 I A. B..EEr_LES

FORESTRY, t~TURAL FORESTS
SECONDARY FOREST (MALA'.' SELUKAR>
AOROFORESTRY CLASS: 9
HO~lE AT PRESEln

USER-DEFIHED AOOITlNIAL ClATA

tl(lllE

GEtlERtlL !lOTES 011 SITE

:)

1'VP1CflL f"EF-:l'b'tllEIH L'" HUtlI 0 LOWLAtiO Rfl III FOREST EtN I f;'OtIl1EtlT
HITH STF:ClNGL..' LEACHED SOILS. RAPID PLAIIT GRO~ml.

[lESCRIPTIOt~ REFERS TO IIITERFLUVES. ALSO F"RESEHT ARE
fun r'uV,1I AL VALLE" FlQOR5 1·11 TH r-·OOF.: ORA I IIHOE: nlfILti',' Lf)PHI~.'.



APPENDIX A-3

*ADDITIONAL CLIMATIC INFORMATION

This appendix is divided into two parts:

Part 1: Plant Water Requirements and Water Availability Assessments

Part 2: Temperature and Plant Development

Guidelines given in Part 1 for calculation of water budgets and assessment
of water-related constraints and potentials for agriculture would be
relevant to apply in cases where availability is limiting for
agricultural production. Part 2 contains a more general discussion of
considerations involved in assessing temperature effects on plant growth
and development, which may be useful where temperature is thought to be
a limiting factor. .

PART l: PLANT WATER REQUIREMENTS AND WATER AVAILABILITY ASSESSMENTS

Outline

1.
1.1
1.2
1.3
2.
2.1
2.2
3.
4.
4.1
4.1.1
4.1.2
4.1.3
4.2
5.
5.1
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1. 7
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.2.5

Plant Water Requirements
Cli~atic effects on plant water requirments
Plant characteristics
Effect of local conditions

Water Availability
The water balance
Water availability

Levels of Water Availability Assessments
Water Budget Computations

Data requirements
.Precipita tion
Evaporation
Soil water storage

Water budget computations
Interpretation of the Water Budget - Example -

Monthly water budget
Location
Rainfall
Evaporation
Water balance
Water availability periods
Climatic zoning
General results for agriculture

10 Day water budget analysis
Rainfall
Evaporation
Water availability periods
Crop water requirements
General results for agriculture

*Contributed by T. Darnhofer

John M
Previous Page Blank
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PLANT WATER REQUIREMENT }UTI) WATER AVAILABILITY ASSESSMENTS

L PLANT WATER REQUIREMENTS

For their development plants need a certain amount of water which depends
on various factors. To evaluate agricultural potentials, knowledge
on the extent to which these requirements are met by the water supply
is essential.

The plant water requirements are defined (FAD 1977) as "the depth of
water needed to meet the water loss through evapotranspiration of a'
disease free plant, growing in large fields, under non restricting
soil conditions including soil water and fertility and achieving full
production potential under the given growing environment".

The plant water consumption is affected by:

the climatic conditions
the plant characteristics
local agricultural practices

1.1 Climatic effects on plant water requirements

The climatic plant water requirement is given by the potential evapo
transpiration which is defined as "the maximum quantity of water capable
of being lost by a continuous stretch of vegetation covering the ground,
when water supply to the soil is not limiting". "ET" is normally .
considered to be 2D to 25% less than Eo, the potential evaporation from
an open water surface, mainly due to higher radiative reflection (albe~do)

of a plant cover, compared with a water surface.

1.2 Plant Characteristics

The effect of plant characteristics on plant water requirements is given
by the plant (crop) coefficient (Kc), which presents the relationship
between the potential evapotranspiration ET and the plant specific
evapotranspiration. This coefficient varies with the plant species, its
stage of growth, growing season and the weather conditions. For a
larger number of agricultural crops these "Kc" coefficients have been
established and guidelines for their applications are publish~d (FAD 1977).

1.3 Effect of Local Conditions

Local conditions and agricultural practices. such as meso and micro climatic,
variations over time, distance and altitude_size of field, soil water
availability, salinity, cultivation methods, will affect the plant water
requirements. The quantifi.cation of these effects is rather complex and
requires local field data.

2. WATER AVAILABILITY

2.1 The Water Balance

To estimate the amount of water, which can be used for biological
processes, i.e. the quantity available for evapotranspiration, the
water balance for a given area and a given period is estab~ished. The
water balance can be expressed by the following equation.

Rainfall + inflow ~ changes in soil moisture + evaporation +
percolation + runoff.
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Assuming that there is no inflow (irrigation etc.) and considering
percolation and runoff as one item, the equation can be written:

P = E +
P Rainfall
E Evaporation
S Change in soil wa~er storage
Ro Runoff including percolation

S + Ro (1)

If rainfall and the storage capacity of the soil is known, the formula
allows to calculate the amount of water available for evaporation
processes and run. off. As evaporation however cannot exceed maximal _
values, which are depending on atmospheric conditions and the vegetation,
the run off can be determined. These maximal or potential evaporation
values therefore represent the limits between excess and insufficient
water availability.

2.2 Water Availability

To quantify the degree to which water requirements are met by the supply
(precipitation), the ratio between the rainfall amount and the potential
evaporation (or evapotranspiration) can be used t Accordingly this
ratio has been used to characterize water availability classes in agro
climatic assessments (2,3,45.

TABLE 1: RATIO' 5 P/ET, .P/Eo AND WATER AVAlLABILI1Y CLASSES

RATIO .
PIET PIEo

CLASS DESIGNATION GENERAL SIGNIFICANCE

P> Et >1 > 0.15 Humid, full humid Max. water needs

P> Et /2 0.5-1 0.315-0.75 Moist, Intermediate Normal water needs
sub-humid sub-humid

P> Et /2 0.25":0.5 0.19-0.375 Moderate dry, semi- Min. water need
arid

P::.Et/4- Et !l0 0.1-0.25 0.075-0.19 Dry, Arid Wilting point

P< EtllO < 0.1 <' 0.075 Very dry

3. LEVELS OF WATER AVAILABILITY ASSESSMENTS

In an initial approach, this can be achieved by calculating the monthly
water budget for a given place and comparing it with selected levels of
evapotranspiration chosen, to represent different ranges of plant water
needs. (Optimum, normal, minimum requirements). Accordingly, periods
with water availability above or below these tresh-holds, can be considered
to be suitable arnot, for the one or the other agricultural practice.
The length of these periods can be referred to the vegetative cycle of
agricultural crops and thus help to chose appropriate varieties.
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Once a preliminary choice of the agricultural plant varieties is made.
the specific plant water requirements (obtained by appropriate application
of "Kc" values to the potential evapotranspiration) can be checked
against the water availability data, to obtain indication on the
suitability levels of the chosen varieties. In many cases however
'this analysis will require water balance assessments on a 10 day basis •.

Risk assessments of crop yield reductions or failures can be made by
the establishment of probability levels, of water availability. This
is especially recommended in marginal rainfall areas where the inter
perlodicalvariations are .usually high.

Very detailed analysis of rainfall and evaporation:records (water
availability), local.cropscientificcwater requirements and agricultural
data, can allow the establishment of farming calendars and recommendations
on farming practices such as planting periods, weeding. thinning,
fer~ilizer applications and harvesting periods.

4. WATER BUDGET COMPUTATIONS

After having mentioned the purpose and the use of water balance
assessments for agriculture, and having indicated ,some basic considerations
on water balance and water availability, brief guidance on how to calculate
the water balance practically shall be given.

4.1 Data Requirements

The water balance equation is written as follows:
P :a E+S+Ro (1)

Accordingly the required parameters are:
P • Precipitation
E .. Evaporation
S = Change in soil water. storage
(Ra c Runoff results, once the other factors are known).

4.1.1 Precipitation

The rainfall is directly measured with rain gauges, and is expressed
in rom height of water, that would cover the surface if there would not
be any infiltration, runoff, or evaporation. Depending on the period
under consideration for the water balance calculations, the rainfall
data has to be chosen accordingly. For practical reasons most of the
surveys are based on monthly intervals. General assessments simply
refer to average data, while probability estimations require actual
monthly data over longer periods (10 years or more). More ambitious
and detailed investigations usually use 10 day data.

For larger areas it is usually necessary to consider data from more
than one station, in order to evaluate local differences. This is
particularly advisable in regions where the topographic situation can
cause important changes in the rainfall patterns within short distances.

4.1.2 . Evaporation

As the water loss from a surface is depending on a variety of
meteorological parameters, such as air humidity. air temperature,
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available energy, wind and atmospheric pressure, an accurate determination
of this component of the water balance equation, causes considerable
problems •

4.1.2.1. Direct Measurements

Evaporation can be measured directly, with instruments such as evaporation
tanks, lysimeters, evaporation balances, and evaporation tubes.
(Evapotranspiration can only be measured with lysimeters). All this
measuring devices, however modify the immediate environment more or
less and are therefore not strictly representative. Big efforts have been
undertaken to develop correlations between the results, obtained with
different instrument$ and with similar types of instruments under
different climatic conditions.

Internationally the class A evaporation Pan is the most used direct
measurement instrument. In most cases empirically established
coefficients are used to adjust the measured results to the local conditions.

4.1.2.2 Estimations of the Evaporation

With reference to the problems, related to the accurate measurement of
evaporation, a number of methods and formulas have been developed to
estimate the amount of water loss through evaporation. The best known
methods were developed by Thornthwoit, Turc, Blaney/Criddle and Penman.
The formulas designed by Penman in 1948, which has been slightly
modified to adopt it to different climatic zones, is the most commonly
used one.

This formula for the computation of the potential evaporation and the
potential evapotranspiration, as used and recommended by F.A.O. reads
as follows:

a) Potential evapotranspiration

:0 ~ ~ [Oo75RA ( Q + b -ij-) - crTK
4 (O.56 - Oo079~ HO.IO +0.90 ij-] + 0.26(00- Id)(l.OO1- 0.54 V)

ET =..:.----..:~-------:..::...------------------------
Po 6
-. - +1.00
P Y

b) Evaporation of a free water surface

Po ~ r
-'. -Lo.9sRA( a + b

E ~ p r - ,
0-

W) - Cf'TK
4 (0.56 -0.079";': )(0.10+ O. 90 ~)]+ 0.26 (IQ- IdJ(0.50 +0. 54U)

Po l:!.
-'-1-IDO
p Y



- 120 -

Explanation of the units used in the formula

The terms intervening in the formulae and in the working sheets are defined
hereunder and expressed in the following units:

estimation of the potential evapotranspiration for a given period,
expressed in rom;

estimation of the evaporation from a free water surface for a given
period, eh~ressed in mID;

mean atmospheric pressure expressed in millibars at sea level
(1013) mb '

=

III

=

...

...

...

Eo

p mean atmospheric pressure expressed in millibars as a function of
altitude for the station where the estimate is calculated; ,

rate of chauge with temperature of the saturation vapour pressure
oexpressed in millibars per degree C;

the psychometric coefficient for the psychometer with forced
ventilation = 0.66;

0.75 and 0.95: factors expressing the reduction in the incoming short
wave radiation on the evaporating surfaces and corresponding
respectively to an,albedo of 0.25 and 0.05;

= short wave radiation received at the limit of the atmosphere
expressed in-mm of evaporab1e water (1 rom ... 59 calories) and taking
for the solar constant the value of 2.00 cal.cm-Z• min.-I;

a and b ... coefficients for the estimation of total radiation from the
sunshine duration

n = sunshine duration for the period considered in hours and tenths;

N ... sunshine duration astronomically possible for the given period;

aTK
4 • Blackbody radiation expressed in rom of evaporable water for the

prevailing air temperature;

= saturation vapour pressure expressed in millibars;

= vapour pressure for the period under consideration expressed in
millibars;

= air temperature measured in the meteorological shelter and expressed
in degrees Celsius;

o 0= air temperature expressed in degrees Kelvin where T K = T C + 273;

... mean wind speed at an elevation of 2 m for the given period and
exp 'essed in m/sec.

It can be seen that the following meteorological data is required for the
computation:

sunshine duration or global radiation
air humidity
air temperature
wind speed
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The other data needed. concerns coefficients and physical parameters
which are available from physical tables, or can be calculated with
respective formulas.

F.A.O. has prepared working sheets and tables to facilitate the use
of these formulae under field conditions·where no sophisticated
calculation facilities are available (F.A.O. 1977,1979), (1.6).

4.1.3 Soil Water Storage

The amount of water which can be stored in the soil depends on the
physio-chemical characteristics of the soil. For agricultural
purposes. it is rather the a~~unt of water >,hieh can be used by the
crop - the soil water reserves - which is of importance. TIlis arr~unt

not only depends on the mentioned soil characteristics but further
more on the depth of the soil e}~loited by the roots of the plants.

Thus it appears extremely difficult to determine exactly the soil water
reserves available for plants in different soils. at different stages.
of growth. For practical purposes, general assumptions are frequently
made considering 80, 100 or 200 rom of soil water reserves as maximal.
values.

4.2 Water Budget Computations

Once the elements required for the water budget are gathered. either by
measurement (precipitation), calculation (evaporation), or empirical
assumptions (soil water reserves), the water budget can be established
for the periods under consideration (month or 10 day periods) in
accordance to formula 1.

Table 1 gives a sample of an average monthl~' water budget for Katumani
(Kenya).

5. INTERPRETATION OF THE WATER BUDGET - E~~WLE -

5.1 Monthly Water Budget

This water budget table allows .for an initial assessment of the water
supply situation of a given site. Based on the data contained in this
table a "Water availability diagram" can be established, ,..rhich shows
the conditions graphicaily (Fig. 1).

Referring to Table 1 and Fig. 1, the following "sample" interpretations
can be made.

5.1.1 Location

The site under consideration is situated in the tropical "mid highlands"
(10 34'S; 1601 malt). Referring to the equatorial mean temperatures
at sea level (approx. 270C) and a general laps are of 0.550 C/lOO m, a
mean annual temperature between 18 and 200C can be expected.
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WATER BUDGET KATUMANI MACJiAKOS (KENYA

(MONTHLY AVERAGES. FOR THE PERIOD 1970 - 1982

WATER BUDGET :

LOCATION : KATltlANI. MACHAKOS KENYA Period
,0 35 Os 37° 14° E ALT. 1601 m 1970 - 1982

lUO mm Storage RatlO

Period (.O.75E P tID. WS EL GCH CST Ro Ep PlEa Ep/Eo

.JAN 134 56 78 0 56 0.31 0.31
FEB 135 ' 53 102 0 53 0.18 0.18
MAR 149 83 66 0 83 0.42 0.42
APR 117 153 36 36 36 0 117 0.98 0.7.5
MAY 93 61 32 -32 4 0 93 0.49 0.75
JUNE 77 11 66 -4 0 15 0.11 0.15
JULy 72 7 65 7 0 0 0.07 0
AUG 86 4 82 4 0 0 0.04 0
SEPT 115 9 104 9 0 0 0.06 0
OCT 146 33 113 0 33 0.17 0.17
NOV 112 129 15 17 17 0 112 0.85 0.75
DEC 112 68 44 -17 0 85 0.46 0.57

IroTAL 1348 647 752 53 20 X X 0 627 0.36 0.35

WI) .•

WS

EL

GCH ...

CST ..

Ro

Ep

PlEa ..

Ep/Eo ..

Potential Evapotranspiration (0.75 x Pot. Evaporation Eo) in mm

Precipitation in mm (Eo Pan Evaporation or calculated values)

Water deficit .. ET P

Water surplus .. ET P

Evaporation loss (Small quantitie~w~ich cannot be used
for crop growing)

+Ground charge:- Gr.ound discharge

Ground storage (~mximum assu~ed 100 rom)

Runoff (Surplus after 100 mm ground charge)

Effective Rainfall: Ep"' P-EL - no - GCH

Water availability ratio without ground water reserves*

t~ater availability ratio with ground water reserves**

* "Climatic Hygro period"

** "Edaphic Hygro period"
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WATER AVAllABIUTY DIAGRAM
monthly data

Fig.: 1
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5.1.2 Rainfall

The rainfall pattern is biomodal with one distinct dry season from
June to October and a less accentuated dry period from December to
March.

Rainfall amounts

The mean annual rainfall of 647 mm is split into 279 mm.and 197 mm
for the longer and the shorter rainy. season respectively, while the
remaining 171 mm (or 26%) mainly fall between December and March
(107 mm).

The small occassional rains during the period June to October have no
significance for agriculture and can be considered under "Evaporation
Loss".

5.1.3 Evaporation

The potential evapotranspiration (assumed to be 75% of the potential
evaporation) with an annual total of 1348 mm is of bimodal pattern as
well, with maximal values of 149 mm and 145 rom in the month's proceeding
the most important rainfalls (March, October). The annual amplitude
is 77 mm or 107% of the lowest amount.

5.1.4 Water Balance

Precipitation exceeds potential evapotranspiration' slightly in April,
and November, but this water surplus is not sufficient to meet the
assumed soil water storage capacity of 100 mm. Accordingly there is no
run off to be considered on the basis of the monthly data.

5.1.5 Water Availability Periods

The last two columns of the table indicate the monthly ratios PIEo and
Ep/E which refer to the water availability classes. To estimate the
avai~ability of water periods to the nearest day, graphical smoothing of
the monthly rainfall and evaporation amounts is used.

It appears from the diagram (Fig. 1) that rainfall exceeds the value of
ET twice an average year; from approx. 6th April to 3 May and from 10th
November to 24th November. Assuming that water requirements of most
plants are sdll met·with a PIEo ratio between 0.75 ~ET) and 0.4 the
water availability period can be estimated to be 68 days during the
"long" rains and 53 days during the "short" rains. When the soil water
reserves are considered to be available for plant development, (broken
line), the subhumid and humid periods are 82 days and 61 days for two
rainy seasons.

The points of intersection of the rainfall curve (and/or effective rainfall
line) and the 0.4 Eo or 0.2 Eo line, allows to delimitate semi arid
and arid periods in the same way.
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Using the available date (Rainfall, Evaporation, Temperature) and
checking it against the various climatic or agroc1imatic
classification systems (2,7,8) the site can be related to:

Thornthwaite, (1948): Zone "D" Semi arid climate

Holdridge : t1premontane - Dry Forest" Life Zone

R. Joetzold "UM4 S+Stl : Upper midland transitional
Zone S+S (sunflow maize zone) with two short growing
periods

H.M.H. Braun: Zone "V4t1 semi arid zone, alt 1500-1800 m
marginal agric. potential

F.A.O. Major climate "2" Moderately cool tropics or tropical
highlands with 0-74 days growing period (only the longer
period is inventoried).

5.1.7 General Results for Agriculture

5.1.7.1 Limiting climatic factors

The main climatic constraint is low rainfall distributed over rather
short periods. Although temperature is not a limiting factor, except
to relatively few crops which could be grown under the given moisture
conditions, it affects the length of the growing cycle of certain crops
and/or reduces the yield.

5.1.7.2 Cropping Periods

With regard to the bimodal rainfall pattern two cropping periods can
be considered for varietie~ with a very short to a short growing cycle.

Perennial varieties must have drought resistance to survive during the
arid period from mid June to mid October.

With regard to the short water availability periods, early planting at the
beginning of the rainy seasons (mid February, mid October) can be
recommended, once the initially required mOisture (rainfall of 20-30 m)
become available.

5.1.7.2 List of crops grasses and woody species which could be
considered under the given climatic conditions.
Table 2 (Ref. 7) ICRAF.
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Table 2. Agricultural Crops

CROP VARIE1Y Growing Cycle . Altitude Rainfall (mm)
No. of davs RanRe m in 2rowin2 P

<

GRAIN CROPS

Maize Dryland composite 75-85 700-1500 240-430
Maize Katumani composite B 85-105 700-1500 260-450
Foxtail millet (Sc. 285) 65-95 800-1800 220-320
Sorghum 158595 75-105 0-1500 200-430

LEGUMINOUS CROPS

Tepoxy beans 65-80 600-1500 180-300
Cowpeas 70-90 0-1500 200-400
Moth beans 60-90 0-1500 180-400
Pigeon reas (hi-modal) 180-260 0-1500 500-800

OIL SEED CROPS

Sunflower dwarf 75-85 0-1500 180-330
Rai sodhpur 60-80 800-2000 180-380

TUBER CROPS (perennials)

Yam bean 90-270 0-1800 500-1500
Buffalo gourds 365 0-1300 180- 500
Haroma bean 365 0-1800 200- 500
Vigna 365 0-1800 250- 600

FIBER CROPS

Sisal (perennial) 365 0-1800 550- 900

Grasses

Rhodes grass (Chloris gayona) Bona grass (Pannisetum purp., Guinea
grass (Panicum max.), Buffel grass (Cenchusciliaris).

Trees and Shrubs

Leucaena leucocephala (N~fixing, mulch, fuel, fodder, marginal
in this climate).

Acacia albida (only if ground water table not too deep fuel, fodder).
Prosopis juliflora (fuel, fodder)
Prosopis chilensis (fuel, fodder)
Parkinsonia aculeata (particularly for live fence, bee forage etc.).
Acacia saligna (for soil conservation, emergency fodder, fuel).
Acacia tortilis (for fodder - pollarding regime - fuel, fence, fence poles etc)
Casuarina equistifolia (for shelter/windbreak, poles, N-fixin~).

Cassia siamea (may be marginal because of insufficient rain; for fuel,
poles)

Azadirachta indica (fuel, poles, insect reppelent (seed+ (leaves).
Terminalia brownii (termite resistent, poles, fuel).
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5.2 lO-Day Water Budget Analysis

Once the preliminary site survey has been carried out and the project
planning proceeds from the diagnosis to the design phase. a more
detailed analysis of the water budget is recommended (ref. chap.
3.2. 3.3)' Fig. 2 shows a decade analysis of the water budget for
the sample site (Katumani Machakos). Rainfall probabilities have'
been calculated (cummulative distribution method) and included in the
diagrams as well as the crop specific water requirement curve for
maize (Katumani Composite B). (The graph starts with the month of
March to match the rainfall pattern better with the cropping seasons).

5.2.1 Rainfall

Compared to the monthly data graph. the decade data shows a considerable
variability of the mean rainfall amounts especially during the short
dry season from December to Februacy.

The average onset of the rainy seasons is marked clearly by sharp
increases of the rainfall during the last decades of March and
October for the "long" and "short" rains respectively.

The 10 day amounts surpassed in 6 out of 10 years (60% probability)
remain considerably below the average values, what stresses the fact that'
the mean values. include high rainfall events with little significance
for agriculture. '

The reliability of the rains appears tO,be slightly higher from March to
May, than during the "short" rainy season. This is also confirmed by the
total rainfall amounts, during the growing periods. which are surpassed
in 6 out of 10 years (232 rom'against 259 mm mean rainfall for the period
20/3-31/5; 175 rom against 211 rom mean rainfall for the period 20/10-20/12.1.

5.2.2 Evaporation

As the evaporative conditions are much less variable compared to the
rainfall regime, it was considered acceptable to derive the decade
values of this parameter by graphical interpolation of the monthly data.

The highest evaporative demands occur during periods, when the sun is
passing through the zenith, which are preceeding the onsets of the rainy".
seasons. A third tr~ximum is reached in January together with maximum
effective sunshine.

5.2.3 Water availability periods

Using the same method of ·graphically smoothing the ten days, date to
determine the water availability period to the nearest days, the results
compared to the ones based on"'monthly data, are slightly different.
The humid ,andsubhumid period (ratio P/Eo 0.4) ,in the"long rains" is
only 62 days instead of 68 days. : When soil moisture is considered as well,
the "growing period" becomes 70 days only, thus being even 12 days less
than on Fig. '1.
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TIle differences during the "short rains" "however are smaller.

When referring to the rainfall amounts which are surpassed in 6 out of
10 years it appears that in 40% of the years no "humid" period will
occur at all and that the subhumid period will last for about 34 days only
in April/May, and even less in November and December (17 days in
November, 3-4 days in December).

5.2.4 Crop Water Requirements

The crop specific water requirements for Katumani composite B maize
(live cycle 100 days) were calculated by using the crop coefficient "Kc"
(as given by F .A.O. 1) the available information on the potential
evaporation and the general wind and humidity regime, (Fig. 3). It
appears that, when planted in the last decade of March (initial water
requirement met in 6 out of 10 years) the plant will usually be exposed
to a moisture deficit as from mid-Mayor its "mid-season". Yield
reductions consequently will be a normal feature. To meet this constraint
early planting could be recommended, what however implies a higher
failure risk, during the initial period of the plant development.

The "short" rainy season is still much less suitable for this crop variety.

5.2.5 General Results for Agriculture

With regard to the short and unreliable water availability, the
agricultural potential of the "sample" site can be classified as "low".
As by experience, the ecological equilibrium in such zones is rather
vulnerable, the importance has to be stressed, to design land use systems
and agricultural practices which:

Use various agricultural crops with a short life-cycle or plants
with a fairly developed draught resistance. (Diversity will decrease
the overall crop failure risk).

Use soil conservation methods, to increase the soil water storage
capacity, fight eventual erosion problems and maintain or even improve
the soil fertility.

Aim to decrease potential evaporation by micro climate management
(shelterbelts, mulching tEchniques).

Include a lifestock component to use the pastoral potential of
this climatic zone.

Furthennore it must be recommended to make a detailed survey on the other
biophysical parameters such as soil physics, soil chemistry. and hydrology
as well as on the socio-economic aspeats in order, to assess long term
sustainability of the system. .
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PART 2: TEMPERATURE AND PLANT DEVELOPMENT

1. INTRODUCTION

Plant development and. plant growth is influenced by'temperature' in many
ways. Together with radiation and light~ temperature controls to a
large extent photosynthesis processes whichproduce the assimilates,
plants use for growth •. In general, but within certain limits, the'
temPerature regime 'determinates the rate of growth and development. There
are lower and upper temperature limits beyond which plants cannot grow
anymore and are even damaged or killed. Between these thresholds
there is a temperature range,with optimum living conditions

.;; "

For many plants, not only the general thermal conditions must be
within these thresholds, but also special temperature requirements must
be met. such as chilling requirements to initiate flowering, accUQulative
temperature requirements to pass from one phenological phase to the other,
or thermoperiodicity.

Beyond the air temperature, in many cases the soil temperature is of
great ecological ~ignificance. This applies particularly to trees and
tuber crops, but correlations between, soil temperature's and early stage
growth of cereals are reported as yell.

Further, the development of pest and plant diseases depend on thermic
conditions, which is frequently another (indirect) effect of a temperature
on plant development. .

ThuB it becomes evident that not only plant development in general, but
also the quantity and quality of the economically useful yield is
influenced by temperature.

It is therefore very important to know about the temperature requirements
of a given plant, to assess its suitability for given climatic conditions.

2. EFFECTS. OF' EXTREME TEMPERATtJRE. . . ~ . .

How favourable moisture, light and soil conditions may be, plant growth
will be affected if temperature drops below a minimum or exceeds a
maximum value. With regard to the physiological complexity of
plants and their growth processes, these temperature thresholds cannot be
precisely determined but approximate values are known for many crops and
a considerable number of woody plants. .

2.1 The Lower Temperature Limits

It is a well known fact that biological processes slowdown with
decreasing temperature and will reach a zero level once certain limit
is reached. Accordingly growth will come to a halt, when temperature
drops below the plant specific threshold. In most cases the plants will
enter a dormancy period and resume physiological activities when
temperatures raises. If however temperatures drop further and reach a
point of "no return" permanent damage'or death will be the consequence.
With regard.to the operational range of the protoplasm in living plants
the "zero level" of growth corresponds to 'temperatures near the freezing
point. The temperatures where damage occurs however differ considerably
from one species to another and from groyth stage to growth stage.
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For typical temperate region crops (e.g. rye, wheat oats) the minimum
temperature limits are fairly low 00 to So) and in many. cases the
"damage" temperatures are as low as '-7 to -100 iIi the germination phase,
and -1 to -30 Ceven when flowering. Crops usually grown in the .
tropics have minimum "operational" temperatures between 100 and l50 C.
Most of them cannot withstand frost at all. but some are already killed
at temperatures as high as +SOC. Best evidence of·the above is given by
the natural change of vegetation parallel to ·temperature zones. which, in
climatic classifications have often been given the names of the prevailing
plant cover. With regard tooithe global 'distribution of temperatures,
this meteorological parameter mainly bs¢omes a limiting factor for
agriculture·with higher latitudes. In tropical and sub tropical regions
lower temperatures are related to higher altitudes.

2.2 The Upper Temperature Limits

As the physiological activity of plant cells increases as temperature
raises. the metabolism increases as well. Higher amounts of water,
mineral salt$J,vitamines act. are required. So it is easy to assume that
at a certain temperature. the plant will start to suffer from dryness
and nutrient stress. As a result plant growth will be reduced and
provided the high temperature stress continues, permanent damage or
death will occur.

The maximum thresholds .for temperate zone plants are approximately
between 310 and 370 c and those for tropical plants can be as high as
440 to SOoC.•

3. SPECIAL TEMPERATURE REQUIREMENTS

3.1 Chilling requirements and cold treatment

Some plants require low temperatures during certain development stages
to allow optimal growth or initiate the passing over to the next
phenological phase. (Chilling requirements for initiating flower
buds in pyrethrum, cold treatment of germinated seeds and seedlings).

3.2 Accumulated Temperature

The "degree day" concept refers to the dependancy of plant growth
upon the amount of heat received. A degree day is the difference
between the minimum plant specific threshold temperature and the
actual daily mean temperature. Although this concept is subject to
some scientific critisism, it is widely used to guide agricultural
operations, as in many cases it allows predicting the dates at which
particular phenological stages are reached or crops can be planted.

3.3 TIlermoperiodicity

The development of certain plants does riot or little depend on the
degree day, but is largely influenced by the diurnal temperature
variation. High day temperatures and low night values are in many
cases favourable for crop development (tomatoes, potatoes, tobacco)
and yield quality.
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4. SOIL TEMPERATURE

Besides air temperature, soil temperatures are of great ecological
significance as well. It influences the germination of seed, the
functional activity of roots the availability of soil water to plants
and the plant mineral nutrient intake. Thus, unfavourable soil
temperatures during the growing periods will adversely affect the
crops. Low soil t~mperatures reduc~ the growth rates and result
in low yields, hut high temperatures are not desirable either as
they also can cause yield reductions and crop degeneration (e.g.
potatoes have an optimum soil temperature of 17°, tubers will not
develop at all at soil temperatures above 290 C).

As the soil temperature is much more subject to local effects, such
as topography, insolation surface structure and colour, it may
considerably differ from the air temperature. Therefore it is
necessary to pay special attention to it, when making plant suitability
assessments.
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APPENDIX A-4

GUIDELINES FOR CO~WLETION OF THE SOCIOECONOMIC DATASHEET

Worksheet 1.2 on socioeconomic characteristics of the environment of
the focal land use system(s) should be completed mainly on the basis of
secondary data from existing sources of information, although supple
mentary consultations with qualified informants in the study area or
scientists familiar with the area may be needed to complete some aspects
of the datasheet (see Appendix A-I). This appendix gives suggestions
for the interpretation of the various information categories in the
l~orksheet•

HUMAN FACTORS

The first three categories are indicators of the demographic situation with
in the environment of the focal system(s). Crude population density
will suffice although. if available. supplementary information on
population per unit of cultivable land will be valuable. Crude population
growth rate for the area, expressed in percentage growth per annum,. .
is self-explanatory. Sex ratio within the lJ,0rking age group (this varies
from country to country from 15...,49 to 15-65) can, together with ,
comparative population density, provide a rough indication of population
pressure. For example, a high population density coupled with a low
male-female ratio in the working age group, would suggest a high rate
of male outmigration in search of labour opportunities outside the
area, which in turn would suggest a relatively high rate of population
pressur,e. Alternatively, it could indicate proximity to an urban
or industrial area of high labour demand; although, the degree of
outmigratiort would still tend to reflect the relative non-availability
of productive labour opportunities within the area.

Ethnic composition and other relevant social.differentiations within the
population (e.g. caste, sex roles vis-a-vis farming, etc.) can exert
important influences on land use and are, therefore, important to know~

~gration trends refer to general longterm trends (Is the area a source
area or a target area for migrants? What is the rate of in or out
migration? . Which social groups a~e migrating? etc.) as well as seasonal
migration activities (e.g. in .or .out migration of part of the agricultural
labour force: What ~easons? Fpr what purposes?).

Under settLement history, a brief general account will suffice. (How
long has the area been settled? What phases of settlement have occurred?
etc.) Current settlement pattern refers to the general pat terns of
population distribution and residence (i.e. whether dispersed individual
farms or small hamlets, small nucleated villages distributed along the
roads, large towns or llrban concentrations, etc.).

Size of holding refers to the size of the agricultural land management
unit; give the average and range of farm sizes within the area, with
brief explanatory notes.

Labour utilization pattern refers to the general types of labour used by
farms within the area (e.g. family, hired, reciprocal exchange, communal,
etc.) and the pattern of utilization (e.g. permanent or seasonal hired
labour, seasonal use of migrant labour, etc,),
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Land tenu:r>e is self-explanatory (see Step 2.3, ca1lum 6 for suggested
land tenure categories). Indicate the predominant types of tenure found
in the area. Under land use t~aditions what is required is a brief
description of major traditional land use types associated with different
population groups within the area (e.g. shifting cultivation, smallholder
mixed farming, plantation agriculture with tenancy, etc.). .,

INFRASTRUCTURE

Brief descript:lons will suffice of the situation with respect to the nature
and adequacy of roads and t~ansport, agroiaultural input supply (are
inputs available to small farmers? are they supplied on time?), processing
faailities for farm and forest products, storage facilities for farm
commodities, water supply within the area, and the availability and ,quality
of e:J:tension serviaes.

ECONOMY

Ceneral 'information on area exports and imports can give a useful
overview of the economic character of the area, its strengths and
weaknesses. Info~ation on marketing structures indicates how goods are
moved in and out of the area and between producers and consumers within
the area.

Information on agricultuml cOTl'U1lOdity prices and agricultuI'rZl input prices
(for the major commodities and inputs) is important for purposes of
rough indicative assessments of the economic viability of existing and
alternative farm enterprises. Under use of agroiaul.tUl"aZ inputs what is
needed is a summary statement of the type and extent of input usage by
different farming groups within the area, with brief explanatory notes.

A general statement on the degree of ~cr~izationwithin the area should
indicat~ the typical situation as well 'as any important deviations from
it. Likewise with the degree of commeraialization. In assessing the .
availability of credit attention should be given to social differences in
access to and terms of credit,for agricultural or cottage industry purposes.

Under opportunities for non-farm employment indicate the main types of .
non-agricultural employment opportunities (including processing of
agricultural products), the general availability of such opportunities,
and any social differences in access to these opportunities. Under
impor~zt cottage industries indicate those informal sector activities which are
locally important to individual households as well as those which are of
general economic significance, to the area.

ADDITIONAL NOTES

Feel free to add any notes which shed additional light on socioeconomic
aspects of the study area of relevance to the selected land use system(s).
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*ECOSYSTEMS ANALYSIS IN D&D APPLICATIONS

The Rationale
, '

The potential applications for agroforestry technologies often extend
beyond the farming syst.em•. Based on apparent needs (felt or demonStrated)
and on expressed interest. 'many of the client or target groups are:

. '.

Rural aericulturat populations .plagued by failure of existing production
sys~q to satisfy basic needs. as pe~celved by t~e,p'o11cy

.8~ctor ·an.d the::people themselves. '," . .. '. .... ,

2. Populations living in 01' dependent on fragile environments plagueci,·
by soil andwate.t' conservation probl~ms (e .g. problems of quantity"
qu~lity, and distribution in surface waters, soil ~ater~ .'ground w~ter;
problems of erosion. deposition. nutrient depletion, cementation. and
other forms of s~il degradation).

Given the nature of·theproblems encountered thus far on....fa;rm and t;he
potential application of agroforestry explicitly for rural development
and watershed management purposes, there is often a need for rapid
appraisal at the ecosys tem level. This is particularly importal1tfor
diagnosis of watershed problenis(incltidirig conflicts in land and water

.use, and regional ecological constraints on target land use systems)
and development problems affecting the landless and near landless •.

Such a rapid appraisal procedure should be adapted to bi:>th imme·diate. . .
needs of the diagnostic and design team hlthe field and to the informa'tion
needs for ex ante evaluations (ecosysternanalyses) in the p're-proje'ct .
follow-up.:··,> .. , ' -. ' .

The conceptualapptoach of ecosystems'analysis suitableforuse'with·
dynamic non-linear models' can bemerged14'iththat of 'farming systems
rapid appraisal to identify:'

1. problems in ,land use and eco-systemS .

2. the probable causes (and/or sources) and

3. the likely outcome of:

a) extrapolation of current trends·

b) application of alternative technology

b) application of alternative land' use systems.

The ecosystem provides a. convenient unit for the consideration of functi'onal
interactions between farms or between whole land use systems. The most
generally appropriate unit for ecosystem diagnosis'and design is the
small watershed (=1,:",25km2

), although other biophysical or socioeconomic
boundaries wili be more applicable in some r.ases.

TIte incorporation of ecosystem diagnosis as the larger context ~or farm
level diagnosis allows the analysis of farming system/ecosystem interactions
(both biophysical and ,socioeco,nomic). Once·technology is designed it can

. ~. .

* Contributed by D. Rocheleau
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be evaluated for effects on-farm and at the ecosystem level (including
local communities and subsets thereof). This approach also
accounts for the dynamic character of both the farming systems and
the ecosyste~s in assessments of system sustainability, with and
without'proposed technologies. The initial diagnosis, like farm level
diagnosis, includes trends in settlement, land use, and land tenure,
and current demographic trends, as well as trends in the condition
of the natural resource base.

. '. . " ,

This broader spadal and temporal scale of analysis, reponds to two important
aspects of current agroforestry research and future extension:

1. There is a need~o ide~t{fy and influence farming systems
opportunities and limits' that reside (or originate) in the
next larger syste.~ of which they are a part. ,A brief look at
the next level in the hierarchy can indicate whether the
external constraints on farming systems are changeable, and
whether the larger system is resilient enough to support such
changes if introduced. Such constraints may be ecological'or
socl.oeconomic.

In the caSe of farming system dependence on opportunities
within the,larger system (cheap labor, free fuel, abundant
water) the sustainability of these resources and their
availability to, the farm household must be considered.
The mixed management ,of "free"goods such as water and fuel

. with owned land, cattle and equipment, and the combination'
of family, communal and paid labor in many rural production
systems requires a scale of analysis beyond the farm. Changes
in farm technology may also effect the larger system and then
feed back indirect impacts on the farm household in the form of
changing prices» availability; or quality of basic resourceS
(fuel, water, food, shelter, raw materials) or production inputs
(agro-chemicals. water, labor, equipment). The result may
also be a change in demand for farm products. Both production
and sustainability of farming systems are subject to"boomerang"
effects from technology chanec(farm-ecosystem/community-farm).

Projects geared to specific farming systems or agroforestry
production research per Be would be concerned with ecosystems
primarily in this context. Farm - ecosystem interactions are
viewed with respect to their eventual impact on the farm.

2. A more explicit emphasis on ecosystem-level diagnosis and design
is appropriate for regional development and settlement projects,
and for special interest projects for fuelwood;production, water
shed protection" evironmental rehabilitation or large scale'
diversificatio~ of agricultural and forestry production. ,All
of these serve a broader ,client group than a particular type,

,of farm household.

In development, settlement and large-scale special purpose schemes there
is a need to identify clearly the client group and/or region, the target
(now de facto-,client) group, the target area (or system), and their'
interactions. This is particularly true for regional scale watershed
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and development projects that must reconcile the conflicting needs and
demands of several groups and land use systems to meet specific
regional or national objectives. Examples include: the rural/urban
conflict over land and water use criteria for rural upland watersheds
and small farmer risk-aversion and labour minimization vs. increasing
national demands for higher production of food and foreign exchange
from rural areas.

Description and Analysis of the Human Ecosystem for D&D applications

mlet.her the project is aimed at a particular farming system, or at a
whole ecosystem, the general procedure is the same. The difference will
be one of detail and emphasis. The basic tasks are:

i
and some I PREDIAGNOSTIC

. rSTAGE
...1 (part 1)

l D~AGNOSTIC
:,STAGE
\ (part 2)
\

.J,

Definition of boundaries
Stratification (sub-division of the ecosystem
cf its components)
Description of system structure and function
Identification of problems and potentials and their
dist'ribution
Elaboration of design specifications for solving
problems and realizing potentials (for the ecosystem
in general. or by sub-units in projects with an
ecosystem focus)

L
2.

5.

3.
4.

Anyone or, all of these procedures tilaybeused to complete Steps 1. 3 and
5.3. .1, 2 and 3 (above) are particularly applicable to Step 1.3,
and parts 3 and 4 are most important. for Step 5.3. 5 is intended
as a supplement for Step 6, to add ecosystem-scale criteria to land use
system criteria for technology 'design. Guidelines are provided below
for each task and may be supplemented by information and guidelines from
appendices A-a, B-1, B-2, B-6 and B-9.

Prediagnostia Stage

1. Define the Human Ecosystem

The boundaries of the human ecosystem may be defined by various
criteria. For the sake of convenience in mapping '~d analysis
the suggested boundary is the watershed (drainage Aivide) that
most closely approximates the socioeconomic environment identified
in Step 1.2. See. Appendix A-8 for further details on watershed
definition and/or description.

This first option may not be appropriate for some cases, particularly
in areas where topography and drainage conditions ~~ke watershed
bounda~ies lesA significant. The most obvious alternatives are
the land unit(s) or land system(s) identified in Step 1.1 or the
corresponding socioeconomic environment unit (Step 1. 2). The
latter may be political or administrative boundaries. or the area
served by a given market. The choice will depend on which boundary
is more inclusive and/or distinct, as well as on the emphasis of the
project.

Yet another alternative for ecosystem boundaries could be a finite
expanse of a vegetation type (such as forest or savanna) or a land
use type (such as a contiguous area of pastoralist lands within a
larger savanna, or a large logged area within a much larger forest).
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Once defined» provide a sketch or map of the ecosystem
boundaries.

2. Sub-divide the Human Ecosystem into Functional/Structural Sub-units

This recommended option may be used for pre-diagnostic Step 1.3 or
diagnostic Step 5.3. Review the information on land units, land
use types and population groups identifie.d in Steps 1.1» 1.2 t 2.1
.1nd·'2·~2·. 'then' answer the" following questions:' ' ,

Is there an identifiable spatial organisation of the groups identified
in Step 1.2.

Are they associated as groupSt or as functional combinations of
groups» wi th ,any particular land uni t(s)?

Is there a characteristic settlement pattern for the area as a whole
by sub-area or by group?

Is the popu1ation clustered» dispersed t concentrated in one place
or along a river or road?

, , '

Are activities associated with meeting each basic need (for the house
holds in the ecosystem) relegated to a 'particular group and/or area?

Based on the responses to these questions and general knowledge
about the ecosystem under study t "consider' the following suggested
criteria for ecosystem stratification:

Land use
type of product

- degree of commercialization
- intensity of use
- level of technology

land cover

Land tenure
- type of ownership/terms of occupancy

size of holdings

Group function/occupation
example: farmers

artesans
merchants
wage laborers/farm workers

Ethnic groq,p
example: indigenous farmers

recently-settled pastoralists

Land units
example: hillslope

valley
ridge

Choose from these examples or from other pertinent criteria to
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stratify ecosystem. l~lenever possible try to combine
socioeconomic and biophysical criteria to arrive at the final
grouping. TIle major criterion, for example,may be land use while
secondary criteria include both land units and population type
or population density.

Three examples are provided to illustrate stratification of ecosystems.
In the first case the ecosystem is defined by watershed boundaries 7

and it is sub-divided geographically (see Fig~ 1) into four areas
defined by a combination of land units, land use, and population,
as follows:

1. town in river valley, densely populated by landless
laborers and merchants

2. large cash crop farms on broad terraces and lowhills,
sparsely populated by land owners and permanent employees.

3. small farms with subsistence and cash crops on foothills,
populated by small landowning households

4. forest and shifting cultivation plots on steep slopes,
sparsely populated by landless farmers

In the second example the ecosystem is defined by an administrative unit with
undulating to flat topography in a broad plain. It is subdivided by
land use types which are functionally associated and occur in a repetetive
pattern on the landscape (see Figure 2). The sub-divisions are:

1. densely populated town'

2. cash crop estates

3. small farms and grazing land populated mostly by
households that depend on employment in the estate~..

4. forest areas held by the estate owners and used for firewood,
timber and food collection

In both cases there is a pronounced spatial organisation of land use
and production activities. In the first case the pattern is unique
within the ecosystem and is formed by 4. contiguous ar~as. In the second
case the pattern occurs on a smaller scale and is repeated throughout
the ecosystem. The sub-divisions in the latter case are defined more
by land use than by location.

In an ecosystem where there are marked contrasts between ethnic groups,
particularly when these transcend differences in land use per se, this
may be the major criterion for stratification. An example would be an
area where recently settled fonner pastoralists and traditional farmers
reside in adjacent lands of simlar characteristics and both engage in semi
commercialized food crop production and cattle raising.

The stratification by ethnic group would be warranted for several
reasons: the difference in h01.J they perform the activities , their
differential impact on the biophysical resource base, the distinctive
socioeconomic organisation 7 the variation in requirements to fulfill
basic needs, and the potential for complementary vs. competitive utiliza
tion of resources and production of goods and services.
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and. shifting cultivation

(steep slopes)
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Figure 1

Geographical stratification
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3. Describe Structural/Functional Attributes of the Human Ecosystem

Guidelines and Checklist for Functional Ecological Description

The ecosystem description by functional attributes (see checklist) can
apply to the whole area and its population, or it can distinguish between
separate land units, vegetation types, animal populations and human
populations. The latter can be sub-divided on the basis of geographical,
ethnic, or socioeconomic considerations.

The checklist is almost self-explanatory but some guidelines are
provided here~particularly for the subdivision of responses into the
more detailed groupings mentioned above.

1. Energy sources are already classified as external or internal (from
outside vs. inside the ecosystem) and as free or purchased (no payment
vs. labor, material or cash exchange). External free sources include
solar radiation, unlimited fuel wood gathered outside the ecosystem,
rainfall (which may serve as a multiplier to solar energy in plant
production,or which may feed streams that power waterwheels or
hydroelectric plants). External purchased sources could include
disesel fuel, kerosene or charcoal bought from other areas. Internal
purchased energy sources might include a local lignite deposit, or
fuelwood (which is really solar-derived) purchased from neighbours
by exchange of food.

Free internal sources could include cattle dung gathered from individual
pastures or common land or wood gathered from individual farms or
conunon land.

Sources, uses and users are identified so as to establish degree of
dependence on outside sources and degree of complementarity of
production among groups and areas within the ecosystem.

2. The physical resource base is divided into land, water and soil
resources available within the ecosystem boundaries. Land can be
treated as one Unit or can be subdivided by land units previously
identified in Step 2.1. If sub-units are used, the information
required should be provided for the whole area and each sub-unit.
The land unit description can be provided under land type, area
should be reported in ha, and the proportion of land areairi different
land covers or uses should be reported (if known), or estimated.
Suggested categories are forest, bushland, pasture/grassland, perennial
crops, annnual crops and flooded paddy.

Water sources or potential sources are identified as flows (such as
streams, springs) or storages (such as water impoundments, natural
lakes~ groundwater). The method and ease of access are listed (e.g.
"well-pump, public, village ctr" or "river, public, 2hrs. average
walk"). Amount refers to whether the water supply is limited and/or
seasonal. Use should be described as domestic, livestock watering,
irrigatio~,handicrafts/industryor. other.

In the case of a single source used for all of the above, multiple use
could be cited,or list the do~nant use, then multiple (e.g. irrigation
- multiple). Soil resources may be described in general, by land
unit or by soil type. The major consideration for this analysis is
whether soil depth or condition (el'osion, soil degradation) is
limiting for all or part of the ecosystem.
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3. Primary producers

The vegetation of the area as a whole may be summarized or the
specific vegetation types may be listed separately (preferable).
For example. unimproved pastures. second growth Acacia woodlands
and mixed annual and perennial crops might be entered as the major
vegetation types in an ecosystem. The land area covered in each
can be estimated and the biomass may be estimated depending upon
the focus of the project and the available information. 'The
identification of uses for each vegetation type (e.g. fue~ood

and g~azing in second growth woodlands) can be supplemented by an
estimate of harvest '(for, example the volume of firewood
harvested or the amount of biomass grazed). An alternative to the ",
latter would be to list the stocking rate and the number of
people dependent on this vegetation fo~ firewood. The identification
of the :users, as such. can be quantitative as above, but it is mOre
important to identify the groups (for example: migrant seasonal' '.. ,
laborers, or landless town-dwellers, or landowners or sharecroppers)';
In the case of plants or plant products that are sol4.the use and 'the
users are" double. For example, food crops sold by hillslope farmers
to valley town-dwellers would be listed as .' .

Use: 1. cash / 2 0 food

Users: 1. hillslope farmers /2. valley town-dwellers.

" .'

Purchased plant products are described simply by type, amount, use
and user. Only the end use and the final user (consumer) are
identified. These refer to purchases from outside the system.

4. Secondary producers are animals, whether wild or domestic. Ecologically
they are consumers by virtue of their dependence on plants but they
are also producers for those higher on the food chain. Animals
may' be treated as a composite category6r they maybe sub;"dividedinto
groups of major importance to the ecosystem (for example; domestic
animals vs. wild game in the savanna; goats, chickens and cows in a
farming community). As in the case of plants,the uses and users must be
specified in more detail for commercialized products; ,for example,
cattle raised by pastoralists and sold to farmers would be listed as
follows:

Use: cash/meat
Users: pastoralists / farmers

5. Consumers usually consist of the human population, which may be
subdivided by geographical, ethnic and/or socioeconomic criteria.
The total population and that of the sub-groups should be, estimated
if possible. Labor utilization is described by end product (e.g.
basic household or community need(s) satisfied by labor), use

(eas1\, food, water, fuel, shel ter ~ raw materials); the kind of
activity; the place where the work is done (outside the ecosystem
or inside; type of land use unit) and the employer (self, company,
community group, farmer/landowner). If the employer is a local
farmer or landowner he/she may be identified by sub-group (if
previously defined).
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6. Investment/Savings

The first category, liquid assets, refers to the amount of cash
normally available (total) its relative distribution by sub-groups,
and, the main uses to which it is put (also by sub-groups, if
different). The in[rastructure should be described at the community
level and if pertinen~ by sub-group~. It refers to roads, water works,
drainage works, buildings, corrals. More detail may be provided under
the headings: type, amount, value ($ or labor invested) providers,
uses, and users. Providers and users may often bu~ not always be the
same. For example, the government may provide a road for local people
to use.

Capital items may be listed if important. Plows, other tools,
machinery, vehicles, large stores ofagrochemicals would constitute
major items. Other forms of savings and investment mayor may not
already have been listed under other headings. Jewe1ery, for example
may constitute a large proportion of a household's wealth in some
cultures and would only be listed as a savings/investment. Cattle might
also fulfill a banking function and should be mentioned as such
although it is already listed under secondary producers.

7. Handicrafts or manufacturing should be listed if applicable. The
activities are identified first, then type and source of raw material,
followed by estimated number and group identity of employees, the use
of the products (e.g. household use or cash/ornamental) and the users.
The users are the persons who sell the products and/or the persons who
use them directly. The users may be the artesans who earn cash by
selling the items and the tourists who buy them (users: farm wives/
tou~ists) or the users may be only the artesans' families (usets:
same household). Ina wage/labor situation the user may be the
employer and the person who buys the product (user: company X/city
dwellers outside ecosystem). The information on labor utilization and
handicrafts/manufacturing may overlap and should be used jointly to
describe labor use and distribution.
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*Checklist 1. for· Ecosystem Description
Emphasizing Functional Attributes

1. Energy Sources

type

external

free, cons tan t

purchased

internal

free

purchased

2. Physical resource base (on-site)

source use users

Land

total area type cover (% area under different cover, uses)

type

Water -

type(s)

Soil

. access

~ area covered

amount

depth

use

condition

users

3. Primary Producers

area

Vegetation

type
estimated
biomass ** uses users

Plants/plant products
purchased from outside

type amount uses users

* Can be used as is,or as a basis for functional diagramming with energy
language symbols (See Appendix B-8).

** Option.
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4. Secondary producers

type(s) no. uses yields
(optional)

, .

users

animals
type

animals/animal products
purchased from outside

amount uses, users
. ., - " '; . '; -. ,'.;.: . ~.

5. Consumers

sub-groups

people

6. Investment/Saving

population
labor utilization
end product/use/where/employer

amount

Liquid assets($)

distribution uses

type

Infrastructure

Major capital items

Other

7. Handicrafts/other industries

amount value providers uses users

Activity raw material type/source people employed uses users
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Guidelines for Completing Input-Output Checklist (2) for Evaluation of
Human Ecosystem Structure and,Function

~. .

Checklist 2. (see next page) can be completed by answering two questions
and coding the answers.

1. Do the households in this group or area import(-) export(+) or sustain
themselves (V) with respect to the goods required to fulfill the basic
needs or to ,supply the resources in the list acrOS$ the top? In
addition'to noting import,export alid self maintenance, is there a
d~ficit (x) or a surplus (*) with respect to the categories listed?
It is po~sible,"for example, to import fuel and to still have a
defici,t. ,The code for fuel for such an area would be -x, for import
and' deficit. (See the checklist ,'and the completed sample which
£011O\o1S). '

2. What are the sources of imports and the destinations of exports?
Each area or group within the ecosystem has a number assigned, including
the groups and area outside the ecosystem which are assigned the
last number. The cases where export(+) or import (-) are
listed should also include the nwnber of the destination or source
areas. For example the food in area 1 is imported from within the
ecosystem (3) so the food code for area 1 is -3, indicating that it is
imported from area 3 in the ecosytem with no notable deficits or
surplus in area L See legend on sample 'completed checklist ••

The completed form can be used to draw a !>ystem diagram (Appendix B-8)
or it can serve, as is, to identify the pathways of energy, material,
cash and services between the subdivisions of the human ecosystem.
An extension ,of this step, tentative identification of problems and
potential"s ,:'easily' foHows "from 'this input-outputcheckHst. Deficits
can be viewed as sY1llptoms of problems and surplus as indicators of
pote'ntial'.'Th(! 'incidence of: either: one cim be' noted ,bysubdivision
and by need/resources type. Fore~ample, in the sample 'checklist:
valley farms/water deficit; hillslope farms/labor surplus; town/cash
deficit; valley farms/cash surplus., These subdivisions and topics
can be singled out for closer attention during the diagnostic phase.
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Checklist 2: Input.:-Output ChecU.stforEvaluation of Human Ecosystem

Structure and Function

,..

A 1

a 2

C ) I. f,
D 4 I I f

.E.*~'*I I5

I
; I1 II

I!

'" Group aTell names should be pl.iced hO!re ~

letters placed for ex.ample cnly.

*** The last cAtegory is 31vays reser~~d far ~11 ~h~ \r.~~~s or hre~c
~~taidO of the ecosystem under consideral~on~

For an eX311lp1c of ::omplctedform see next page.·
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Completed sample

Input-Output checklist for Evaluation of Human Ecosystem '

. Selected

~! I

1)k 0/'" d'
:? 4,,=> . ~""

I
I I

Hillslope I V I
Timber rorest 1 -3 I -5. I

"il1s1~~e I 1/'3 I I, , ./F..rllls Z V -1 I ..... :1. I +*4.':- . -x4.J

I 1-4,5
I I

Toom j ... -1 -1 I . -1
J

-1.t. . +*1 4 51 ->:.5J • • • I

I

1t'5
I I

J
I

Valley Farms I I: -xl -1
I

-1 I V -3 *I I
t

I I I, j

I I
I

ucside 5 I

II
!

II I ' I. I

itlport

+ export

..I S~1f-5ustaining

x deficit

* Surplus

~ import part. produces part

+* exports. has surplus

* Self-sustaining and has surplus (not export)

x Self-sustaining ~ith deficit
.. '.:

-x '. imports. still has deficit

+x exports. has deficit within
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Diagnostia Stage

4. Identification of Problems,Potentials and Their Distribution

Problems and potentials at the ecosystem level can be identified,
described and located by following the sequence listed below:

1. List the symptoms of problems (or potentials) for the ecosystem
as a whole and (optional) for the sub-units defined previously
by stratification of system. The aggregation of problems by
ecosystem unitsandsub:-units is an analytica~ step that,does
not· necessarily imply new information needs. The generai
guidelines for problem identification at the pre-diagnostic
and diagnostic phase should suffice for information gathering.
Determination of prpblems and potentials at the pre-diagnostic
phase can' take the structural/functional analyses
and Appendix A-2 as points of departure for problem
definition. Identification of ecosystem problems and potentials
through diagnostic interviews and field observations should
follow the guidelines in Appendices B-1, B-2, B-6, B-7 and A-8

2. Identify the apparent causes of the problems or unrealized
potentials listed above. Causal or functional diagrams may be
used, along with the functional ecosystem description and the
input - output checklist, to trace each problem to its source(s).
The latter exercise is especially useful if the causes are not
very obvious or if they are multiple.

3. Locate causes by source area and/or by ecosystem sub-units. Indieate
whether each major problem/potential (in the whole ecosystem and
in each subdivision) has its source outside the ecosystem, within
the ecosystem as a whole, or within a specific sub-unit(s). To
determine 'the source(s) consider the questions which follow.

Does the problem (or potential) have a definable cause attributabl'e
to a particular source inside or outside of the ecosystem? If
so, list the sub-unit and specify the activities or land uses
involved.

If not, is the problem (or
condition of the ecosystem
based on such a condition,
current land use) or is it
ecosystem (like rainfall)?
changed?

potential) based on an overall
(natural or otherwise)? If it is
is that condition changeable? (like
an inherent characteristic of the
If changeable, how readily could it be

4. (Option)
Transfer and code the information from the 3 previous steps onto
the problem/potential checklist for ecosystems. It is. helpful to
complete the checklists for structural/functional description and.
input-output analysis, prior to this step. A blank checklist
with instructions, and a sample completed form are provided
for identifying problems/potentials by sub-units affected and by
sources.



Checklist for Distribution of Prc~l~ms/rotentials in Human Ecosystems

Group or Area Affected
by Problem/Potential Easic G~eds affected

I

....
V1
Vol

Fuel Shelter Raw Mat~rial fori
Industry/Handicrafts Cash

I

-

.,

.0

__0-

..

~--- ---
I

I
,

----

-----_._-

l_

NaI:le. Number Food

- ,

Source(s)

Source(s)

------l

Source (s)

-

Source(s)

- --_..-
~

Source(s)

-
On the top line of the first box list the name of the areahroufl affected. ;in. the next column list the number assign( d
to it. then list the main problcm(s) or potenti-11s) u:-.der each b.~.sic need andli.st the number of source area(s) or
group(s) on the line under the Problem. Of the prohlem sourc~ is a condition of the whole ec.psystem the area/group
number is O. In this case <lIS0 list L if it is an inherent limit of the ecosystem and list C if it is a temporary 01

changeable constraint of the ~hole ecosystem. Se~ the sample completed checklist. with legend for clarification,
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i l • E!':lboration of Design Spccific;HlOI\S for Technologies

Based 00 die nature of the problems or potentials ~ncountercd, and
the ecosystem (or sub-units) where they occur, specify the perfor
~1nce criteria .(or new tcchnologie~. L~bel the $p~cifLca~ions by
the area or sub-unit (s) currently aHectr.d and by the area where
the technology is to be implemenccd.

An example is provided to illustra.te the application of design
. specifications in one land usc system to solve a problem in

.. anoth~r land use system. A rural town is experiencing a· fuelwood
shortage due to the recent (and rapid) def.orestation of nearby
hillslope forests by small farmers. It is not feasible to fill

:the town's fuelwood demand by technology and land use ~hanges

.within the tovn itself. : An intervention in, the f:;'2st.lfarm
area is suggested. :

the problem symptom, in this ca.se, is felt in the town. the cause
resides (at least in part) within the hi llslope forest/farm ~n:'::J.

and the technology specifications apply to the latter. The hill
slope farmera i own problems also generate technology specificatio.,s
for their land use system. They list cash and fodder shortages
as major problems. The resulting ,specifications (or design
criteria) for technology in the hillslope forest/farm area
include increased fodder production, development ofa cash crop
or cash-earning activity, and production of fuelwood, if
possible, for the town.

The purpose of this exercise is to provide ecosystem-scale inputs
theprocess of technology design. Criteria from the ecosystem or
some of its sub-units are included in the list of design 5pecific~

tions for individual land use systems. The weight or priority
eventually aS8i~ned to these larger scale criteria ,.,ill depend on
the ~mpha8is of the project and the definition of client and
target groups.

BEST AVAILABLE COPY
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*NOTE ON· THE ICRAF BASIC NEEDS APPROACH

As the conc~pt of "basic needs" has been developed and applied in different
ways. in other contexts, it is important to specify clearly what is
meant by ,this approach as developed .for agroforestry purposes; by ICRAF.
The basic points are as follows:

i. " ,In analyzing land management systems, we have identified the
household management unit as aprime focus of D&D attention because this is
where most of the land management decisions are made.

2. lri~ur approach to the modeling of hous~hold ~andmanagement _
systems, we define the subsystems in terms of, outputs., In other words,
the output subsystem is, defined as the set of allactiv,ities, resources
and other landuse factors which ,are involved in generating an OUtput
whicllsatisties one of the major production or land management
objectives of the household.

3. ' In d,eciding specifically what output categories tocons~der in
def~n~ngthe major subsystems, it is important to satisfy two
requirements:

a) general applicability, and

b) adequate representation of the characteristics of local land
,,-use "systems

4. To satisfy both requirements and also tofacilii~te subsequent
linkage with categories of agroforestry potentials, a basic needs
approach is indicated. The production outputs which may be considered
ba,sic, to the economic wellbeing of people everywhere are:

food
water
energy.
sheltet:
raw materials for local industries
cash
savings/investment
social production

"'. .
Contr~buted by J.B. Ra~ntree
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5. The assumptions which underlie this approach are

a) that the needs in the above list are basic and univeral, and

b) that local and regional land use syste~£ are in large part
organized so as to satisfy these basic needs.

6. It is important to emphasize that, in espousing this approach,
the aim is to insure satisfaction of basic needs but not to restrict
development efforts to only minimal satisfaction of these needs.
Rural development needs fZoors, not ceilings. One implication of
this approach is that, once subsistence needs are adequately satisfied,
the emphasis. shifts to improvements in ~he cash or savings/investment
subsystems.

7. To further clarify this point, in referring to ~asic' needs we
mean basic types of needs, rather than basic level80f need
satisfaction. For example, a particular household may be well above
the subsis tence leve I in its produc tion of cash but, because of··
drought or deforestation may have serious problems in meeting··its
food and fuel requirements. Cash incoma, which is normally taken as
the prime indicator of economic wellbeing, is not always readily
convertable into a form which satisfies the other basic needs (e.g.
one definition of 'famine' is that there is no food to buy, even if you
have the money). ,For this simple reason, it is necessary to consider
the performance of each basic output subsystem separately.

8. Having identified the subsystems in which the problems exist, and
having traced the symptoms and antecedent causal factors, analytical aids
are then used to model problem etiology and identify agroforestry
potentials (see Appendix B-7). For each subsystem the general
ques tion is: I8 there anything that tl'ees aan do to improve the
performanoe of this ·subBystem?

A partial list of the general types of answers which are possible is
given below.

POTENTIAL CONTRIBUTION OF TREES TO BASIC NEEDS SUBSYSTEMS

Food Subsystem

a) Hum::r:n food from trees (fruits, nuts, cereal substitutes). at low
input levels on marginal land

b) Livestoak feed from trees (one step down the trophic chain)

c) Fertilizer from trees from improving the nutritional status of
food and feed crops (through the addition of atmospheric nitrogen
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to the soil system by leguminous trees, through improvement of
aaaess to a greater volume of subsoil nutrients by the nutrient
recycling ' action of appropriate trees and also by the improved
avaiLabiLity of soil nutrients which often accompanies the higher
CEe level~ ~ssociated with the higher organic matter levels and
improved physical structure of tropical soils under the influence
of appropriate tree canopies)

d) SoiL COnservation effected by trees in agroforestry intercropping
systems has a direct and measurable long term benefit on the
production of food crops from the protected fields

e) ~aro-aZimate ameLioration associated with properly spaced trees
(e.g. the "shelterbelt effect") can also have a direct impact on
food crop production (e~g~ 30% increase in Russian wheat yields
attributable to shelterbelts)

Water Sybsystem

a) ReguZation of water deZivery for human consumption, household use,
watering of livestock., etc'., through reduction of runoff and

.... improvement of inter~eption and storage in infiltration galleries
.: ..-, "(various watershed managementpra'ctices involving trees),

b) Improvement of soit moisture retention by rainfed cropping systems
and pastures (soil structure and microclimatic effects of trees)

c) ~oteation of irrigation works by hedgerows of trees

d) ·~vention/redudtionof dOwnstream j1ood'damage by various watershed
management uses of trees

e) Improved drainage from waterlogged or saline soils by phreatophytic
trees

"f)

Energy

a)

b)

c)

d)

e)

f)

g)

I~c~ea8edbiomassstorageof water for animal consumption in forage
and fodder trees (higher water content of feeds in dry season)

Subsystem

WoodflMLs

i) firewood
ii) charcoal

Methanol- (wood alcohol)

EthanoZ (from fermentation of high carbohydrate fruits, e.g.
Prosopis pods)

Produaer gas from charcoal

Latex and other combustible saps and resins

Other fuels and energy technologies under the general heading of
biomass

Augmentation of windpower by jet stream effects of appropriate
tree arrangements
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Shelter Subsystem

a) BuiZding materiaZs for housing

b) Shade trees for humans and livestock (and even some heliophobic
crops)

c) Windbreaks around settlements, fields and pastures

d) Living fenaes

Raw Materials Subsystem

a) Wood for a variety of craft uses

bJ F~bep for weaving industries

c) Ingredients for mediainaZ pxoepaPations

d) Etc.

Cash Subsystem

a) Direct cash benefits from sale of the above listed products

b) Indi~at cash benefits of non-tree crop productivity improvements
effected by trees (e.g. higher profits from savings in fertilizer
costs)

Savings/Investment Subsystem

a) Addition of a savings/investment enterpPiBe on farms now lacking
one (e.g. growing of high value timber trees for future
educational expenses, etc.)

b) Imppovement of existing savings/investment enterprises by a variety
of tree roles (e.g. fodder trees in systems where livestock play
the role of Itsavings on the hoof")

Social Production Subsystem

a) Produation of goods in kind for social exchange purposes (e.g.
fruits, more livestock for ceremonial occassions or marriage
needs, etc.)

b) Increased cash for social purposes (e.g. political
contributions~ taxes~ gifts, etc.) by means of various productive
or service roles of trees.
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APPENDIX A-7

*GUIDELINES FOR DESCRIPTION OF FORESTRY PRODUCTION SYSTEMS

In cases where forestry management units in the study area are
to be diagnosed, Worksheet 3.1. which is oriented toward the
description of household management systems, may not provide an
appropriate format for description of forestry objectives,
management practices. and locations.

To meet this need, a sample matrix format for description of
forestry management systems is given on the following page. Guidelines
for completion of the matrix are given in the form of examples in the
appropriate boxes.

·Contributed by P. von Carlowitz
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Type of
Forest

Indigenous
dense, mainly
broadleave
forest

Management
Type

- Timber Production

- Protection

- Recreation

Management
Practices

Selective logging (min.
girth); Plenter-system;
Timber Stand Improvement
(increase of commercial
valuable species);
Natural regeneration

Minimum logging; mainte
nance of undergrowth
and grouridcover

Minimum logging, nature
preservation, improvement
of accessability

Main Products!Outpu~

Sawn-and Construction
timber, peeler logs

Watershed protection,
erosion prevention

Recreation, amenity

Secondary Products!
Outputs

Fruits, game, oils
fuelwood, charcoal,
a.').

Fruits, nuts, game,
mushrooms etc.

Soil & Water
conservation

Location

e.g. low' populated humid
plains or sloping hill!
mountain sites

e.g. Catchment areas,
slopes, hill crests

usually in gazetted
forest areas

-------t------------J---------------r-.------------1-----------+--------------
Savannah
Woodland

Usually extensive
low management
level

e.g. promotion of valua~

ble fodder trees; lopping
or pollarding for fodder
production and fuel

Fuel, charcoal,
fodder

Prevention of water
and wind erosion

Usually in the low
populated subhumid,
semi-arid or arid plains

~atlgrove

Forests
Wood production Selective cutting or

clear felling; natural
,regeneration.

Construction timber Riverbank preser-
(for low-cost housing) vation
poles, fuelwood,

Coastal strips, lower
courses of rivers,
river mouths

-------+---------+-------------+----------+----------+-----------_..
Commercial Wood and Timber
~an-made Forest production

Usually artificial
establishment (planting,
direct sowing or coppic·
ing for regrowth;
usually thinning in
intervals; clearfelling
on fixed dimension
oriented rotation
periods

Sawn and construction
timber, other indus~

trial wood (mainly
pulpwood, poles, mine
timber, wood for chip
or particle boards
railway sleepers etc)

Fuelwood, charcoal,
fruits, game etc. Usually government-owned

or not settled land

______-4.- -1- --L --!. -+ - ,,-_
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Communal
Forests (mainly
man-made)

Household
(social)
Forest
(Woodlots)

Mono-or limi ted
mul ti-output
production

Nono-or limi ted
multi-output
production

Artificial establishment
(planting,_ direct sowing);
thinning in intervals,
clearfelling on fixed.
mainly dimension-oriented
rotation periods;
preferably -coppicing
regime, but subject to
species

Artificial establishment
(planting. direct sowing);
thinning in intervals,
clearfelling on fixed,
mainly dimension-oriented
rotation periods;
preferably coppicing
regime, but $ubject to
species. -
Thinning may be irregular
and according to need
of wood products.

Fue lwood. charcoal,
poles

Fuelwood. charcoal.
poles

Recreation,
protection, fruits
etc.

Protection/shelter

Usually close to
se t tlemen ts

Usually within or next
to farm
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APPENDIX A-a

*WATERSHED EVALUATION GUIDELINES

Combining Farming System and Ecosystem Analysis in Watersheds

This hybrid approach combines elements of farming system and ecosystem
analysis drawing from the work of Antonini et al (1975) Brakensiek et al
(1979), Gil (1979), Hart (1980), Hildebrand (1981), Likens et al. (1977)

Odum (1971, 1982) and Pereira (1973). Three ~nits of analysis are
suggested. The farm household, the small watershed (1-25 km2

) and the
regional watershed (1~OOO-lO,OOOkm2). The first two will be the most
commonly used for D & D applications, although regional analyses may
later become important for defining feasibility and application domain
for proposed technologies. The larger regional watershed analysis is
most appropriate where erosion and watershed protection are issues of
concern' (Hamilton 1983).

The small watershed, provides the natural context to combine concerns of
regional resource management with local farm production and land use
systems. Streams draining the area integrate outputs of ,water, nutrients
sediments, pathogens, and toxins from several farm hous~lds. Streams
can be monitored later for ecological changes reflecting community-level
land use changes. The movement of goods, animals, currency and people
across watershed boundaries can be estimated through a combination of field
observation, interviews and farm records. Roads, paths and property lines
often follow the water divides in rough terrain, thus reinforcing the
convenience of this unit of analysis.

The analysis of small watersheds can provide a key to understanding the
ecological and economic interaction between given farming systems. related
land uses, runoff and erosion. It also clar~fies the relationship
between the farming system(s) in the small watershed and the larger regional
system. The small watershed also provides the link between farm level
erosion rates and sedimentation of major rivers and reservoirs.'

The guidelines provided below (short and complete forms) may be applied at
anyone of the three sca1~s~Theana1ysisshould normally be conducted
in at least two of the three units iisted, to identify linked problems
and solutions between different levels in the nested hierarchy of water
sheds (or other ecosystem units).

* Contributed by D. Rocheleau

" '::



- 166 -

Guidelines for Watershed/Water Resources Evaluation: Short Form

Inventory and Evaluation of Water Resources*

1. Resource base

1.1 inherent characteristics

-- water balance (based on climate~ topography~ soil,
land cover, ground water)

~ype and location of potential water sources

1.2 conditions

-- historical, current, trends
(quality, availability, accessibility of water resources,

and changes over time)

2. Resource utilization

2.1 use of resource (list type, amount use, by activity: domestic irrigation
etc.)

consumptive (water degraded and/or disposed; includes)
substantial evaporation and transpiration increases)

non-consumptive (water returned to source, directly
or indirectly in usable form)

historical, current use trends by activity (domestic, municipal,
irrigation~ nursery, cattle, industry)

2.2 special planned, projected uses?

2.3 problems, perceived by:

- clients
- residents
- project staff
- survey team

• For interview gUidelines see Appendix B-2.

Note area of reference (may be farm, community, land unit, watershed
or other ecosystem unit), refer to appropriate map presented in
previous sections.
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Guidelines for Watershed/Water Re~ources Evaluation: Complete Form

1. Define Boundary Watershed

1.1 If pre-defined, identify (watershed per Bel area influencing
dam, etc.)

1.2 If region is ambiguous (political.or project area),
take larger watershed which includes atZ·of project area,
OP smaller watershed(s) which includes most of project area,
depending on convenience,·institutional constraints,
interests.

2. Iden~ifyareas of impaat of major intarest (indicate type and location)

2.1 outside watershed

2.2 inside watershed

for: soil loss, water loss, channel erosion, deposition, sedimentation,
flooding. waterlogging and water shortage. .... .

3. Define client group

3.1 Is primary aZient group ius,ide or outside taPget'area (i.e. is is lo
cal residents or water users downstream?) •.

3.2 If it is outside area, then identify problems and needS of
client I, in order to best choose the second clientgroup,within·
the target area, that will have the most potential for helping
to meet group I's needs Now a common interest needs to be
found, which requires:

- better characterization of watershed/ecosystem

- diagnosis of problems/potentials in target land use system(s)

4. Watershed Description

4.1 Form

4.1.1 Size, Shape, Location

4.1.2 Drainage density and pattern including drainage infrastructure

4.1.3 Average slope, soil depth
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4. Process

4.2.1 Rainfall characteristics and water balance*

under natural vegetation
existing

4.2.2 Flow characteristics of surface waters (river regime)

Average monthly discharge (quantitative data or q~ality

description)

Stability (describe changes over time

Description of flood. (with 1. freq
2. freq

- Timing
- Volume J velocity.

- Debris

- Colour

4.2.3 Conditions of Channels

Erosion

Deposition

Cover on banks

Shifting of channels

5. Water. Resource Evaluation

5.1 Disposition of water resources

5.1.1 of Surface Water

Withdrawal

Where?

For?

domestic
municipal
irrigation/nursery
cattle
industrial
other

Inpoundment

where?

.. ' ..

what type? hydroelectric, water supply, both, other

* Use any standard method (Holdridge, 1967; Penma~ 1963; Thornthwaite, 1957)
indicate which method and note vegetation or land cover coefficients used.
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- for? (domestic, municipal, cattle, nursery, irrigation,
industrial)

Contamination

-·where?

- what kind? (chemical, biological, physical sediment)

- source: (domestic, municipal, cattle, nursery, irrigation,
industrial)

,
- User: (domestic, municipal,' cattle, nursery, irrigation,

industrial)

5.1.2 Of Ground Water

Withdrawal

- where?

- for? (domestic, municipal, cattle, nursery, irrigation, industrial)

Contamination

- where

- what kina? (chemical, biological, physical)

- source? (domestic, municipal, cattle, nursery, irrigation,
industrial)

- for? (domestic, municipal, cattle, nursery, irrigation, industrial)

5.1.3 Soil Water
..

Water availability for plant growth by month, for average and critical
years, under major landcover type found in watershed (see water
balance, 4.2.1)

5.2 Problem Diagnosis (Based on records, observations and interviews·

S.2~1 Hydrology/sedimentation

- are there notable excesses (floods, waterlogging, salinization)
or shortage of soil moisture, surface and groundwater?

- where?

- when?

- type damage?

- severity?

- history, changes over time?

•See appendix B-2 for interview guidelines. See appendix B-6 for observa-
tion guidelines on land management/degradation problems.
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- what production activity or landuse system is affected?

- what production activity or landuse system (on or off-farm)
may be a c~ntributor.

cause?

- if floods, are there problems of channel erosion, erosion channel,
shifting channel deposits of sediment or deposits of sediment on
flooded fields? where? when? severity?

5.2.2 Related land management problems

Soil erosion

- are there noticeable erosion features from

wind?
water? rill erosion

gully erosion
sheet erosion

mass movement? landslides, landslips

Give location on map or by land units and land use systems
identified in environmental data sheet.

Give severity

Note history of occurrence~changes over time

Land degradation

- is there noticeable evidence of soil compaction/~rampling?

barren impermeable soil
terracettes, ~ther

Give location(s),identify land units, land use systems

severity

- is there visible or historical evidence of decreasing soil
fertility?

Composition or condition of crops, pastures or seco~d growth
vegetation in poor condition (not attributable to climate
change/weather), pests/diseases, decreasing yields over time

- ·is there evidence of other land management problems at the
ecosystem scale? (See appendix B-6)

in general?

in specific land use systems/land units?

severity?

history, trends.
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APPENDIX A-9

*LIVESTOCK PRODUCTION SYSTEMS

Part l: BIOLOGICAL ASSESSMENT OF LIVESTOCK PRODUCTION SYSTEMS

Various aspects of livestock production and management need to be under
stood before any reasonable suggestions can be made as to how sustainable
production may be improved, and in order to ascertain the likelyhood of
acceptance of the suggested measures. The information needs to be
gathered from "fanning" units (in the broad sense-includes pastoralists)
from a broad a range of unit types: ~. according to size, wealth,
social group (e.g. '~astej, product specialization, etc.

1. Livestock type and numbers.

Each livestock type (e.g. cattle, goat, donkey) should be separated
according to sex, broad age group and according to whether they are
productive or not (in a biological sense) (e.g. how many mature females
calved this year; how many are in milk; proportion of castrated to
uncastrated'males etc). Age at first breeding is also one important
factor in overal productivity (again in a biological sense) - i.e. number
of young produced per number of adults.

2. Livestock role

The role and relative importance of each group (e.g. sex, age group)
within each livestock type (e.g. cattle, goat) should be determined.
Livestock roles can be broken down into those which result in direct
products and those which involve indirect benefits to agricultural
production:

a) Direct Roles

- Animal products 'for home consumption
Food: milk, blood, meat
Non Food: wool, hair,'hides

Power
Threshing, lifting of water, transport, ploughing

Fuel (dung)

Source of income or barter

Income: milk, live young for rearing, stock for slaughter,
non-food products

Inves tmen t :

Insurance/stored wealth

Social

Religious

* \IParts land 2 contributed by P.J. Robinson and W. Kunzel, respectively

PREVIOUS PAGE BLANK
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b) Indirect Roles

e.g. dung production/fertilizer value, ploughing time/rain infiltration,
power/release of labour for important production activities.

Average yields (e.g. offspring production rate. milk yields) can give an
indication of the extent to which improvements may be achieved
through certain ameliorative measures. The times of year when the
livestock roles are of greatest importance should also be registered,
since these often do not coincide with the periods when the livestock
are optimally productive: for instance a high price for milk during·, .;,.
the dry season may induce farmers to plan for milk availability at that
time even though production is lower; or the sale of sheep/goats for
the Muslim Pilgrimage Sacrifice (the date of which falls 10 or 11 days
earlier in each solar year) requires over a certain number of years in
the 34 year cycle that a large number of stock are kept during the
driest and most unproductive part of the year (from a primary production
point of view).

Although the assessment of livestock roles and their timing should be
as perceived by 'the stock owners, a separate assessment by the
investigator is worthwhile - particularly in the case of indirect roles
as the development of any new appropriate technology or practice may
clearly depend on what alternatives there are to present production
patterns. Further, the role of livestock in other farming systems should
be assessed (e.g. pastoralist-cultivator livestock mediated relationships
etc). ..

3. Feed and Water Sources

A preliminary inventory of the types and origin of feed sources over the
year (e.g. pasture, agricultural residues, weeds, browse, gathered
fresh grass, stored grass, tree fodder, or fodder crop etc.), should be
made for each different categories of livestock: there can be differences
in the feeding strategies for different animals - e.g. nutritious
rations for ploughing animals. The ownership status of the feed
resources should also be ascertained e.g. common, private, rented.
exchanged for some product (e.g. dung).

An indication of the fluctuation in availability of fodder (quality
and quantity) within the yearly cycle and also between years is
desirable in order to explain certain management and production strategies.

Similarly the seasonal availability and location of water for livestock
should be noted. Ownership of water resources can also be important.
There are labour implications as well from both feed and water
considerations.

In the case of nomads and semi nomads, the mapping of livestock move
ments over the year and their variation between years is important.
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4. Other animal production related factors

Information on any other factors which influence-animal health and production
should be noted - e.g. pests, predators, thieving - if possible with
an indication of the degree of influence.

1he number of young deaths and the cause of mortality in young and
mature animals should also be noted.

s. Management Practices

All significant management practices and their raison dletre
bearing on the following should be. noted along with indications of
labour requirements and any.socialspecial1zation of labour (e.g. by
sex or age group) for the particular management practice:

Feed SOUl:ces:

e.g. grazing management, fire use, lopping strategies, pasture re~ting.

Pests:

e.g. measures to reduce the incidence of disease, predator control
or protection from pr~dators. Strategies for reducing the impact
of livestock theft.

Animal husbandry

e.g. differential feeding strategies and herding of different animal
types, controlled mating (time and type of animal), castration,
culling of different types .

. Marketing

e.g. Time of optimum production VB. demand time and time price
differentials, marketing structure (c.g. guaranteed or market price,
~ealer monopoly, fluctvatingproduct demand), distance to markets and
feed opportunities on the. way.

Part 2:· SOME SOCIAL FACTORS TO CONSIDER WHEN EVALUATINU TIlE PERFORMANCE
OF TRADITIONAL LIVESTOCK SYSTEMS

Pastoral societies are known for their intricate network of social and
and economic relationships revolving around if not centering on
livestock. When considering traditional livestock systems these
socioeconomic factors have a profound influence on the economic performance
of a livestock orientated, especially pastoral, society.

Onwership and economic use of livestock or land are seldom a clear-cut
state of affair but may take many different organizational forms.
The number of animals a farmer has standing in front of his house, ;:.
milks, tends or sells are often absolutely no indication of the number' .
he owns or controls. A team working on the evaluation of a traditional
livestock economy will have to take this into consideration.
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To clarify the point, consider the. example of a Wapare community living
in the Western Usambara MountainsfTanzania. Different tribes will
have different "systems of regulating the ownership of livestock, but
the basic features are similar at least throughout East African
Livestock-oriented societies.

Table 1. Wapere Livestock tenure: rights and obligations. (Source:
KUnzel at al., 1982)

Individually owned cows

Cows received by son
from his father

Cows received from
friends or relatives

These are inherited or bought, with the farmer
having the right to dispose of them at will.

They often stay with the farmer permanently,
but can be recalled by the father in times of
need. The farmer cares for them and keeps the
milk. The father receives all of the calves.

They often stay with the farmer permanently,
but can be recalled by the donors in case of
need. The farmer cares for them and keeps
the milk. When receiving the cow the farmer
will also receive a goat as payment for looking
after the cow. All the calves will belong .
to the donor. Or, as another possibility,
the farmer will not receive a goat but he will
return the first and second calf, while the
third belongs to him.

This form of lenning cows can be initiated by
both sides. The donor can ask the farmer to
take a cow, or the farmer can ask somebody to
lend one. The farmer receiving the cow takes
the obligation to help the donor in times of need.

Cows belonging to a wife She may have received them from her father or
her mother. The husband is in complete control
of the management"of these livestock, hut he is
not allowed to sell them. The cows and the
milk belong to his wife, the calveshelong to the
wife's father. The woman may also decide to give
part of her livestock to her daughters.

A case like this may have several implications for new technology.

For example, tlwse farmers tending a lot of cattle (on overgrazed pasture)
may not be interested in improved dairy cows because they don't own
their stock. Those who own those cattle may equally not be interested
because they would simply loose the benefit - improved milk production
of improved cows - in case they give away those cows for social security.
The scope for a successful introduction of dairy cows in such a case is
much sDla11er than may appear superficially. The economic function
"insufficient grazing ground plus insufficient milk production plus a
market for milk products introduction of improved dairy cows" is not
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valid here unless the programme is tailored to the varied ownership/
user relations regarding livestock of the target group. The evaluttion
team would have to record those ownership/user relations, assess their
social and economic impact and identify tile potentials for development.

How could this be done?

Some Methodological Suggestions

In the ~-Piagno8tic Phase, speak with farmers, elders, key informants
about social and technical aspects of tending, selling, inheriting and
exchanging livestock. Try to assess the complexity of the livestock
owner/user system and make a list of the persons involved (father, brother,
uncle, wife, etc).

If you are dealing with a clear-cut situation of private·livestock
ownership, as is often found in cropping-oriented societies,you can
start with, and expand on, the question:

How.many cow~ •.••••••••.••••••••••.••do you own?
bulls .
oxen .
calfs eo •••••••••••••••

goats , .
sheep ••••• 7. _ •••••••. ~ ••••••••

others .

If varied forms of ownership exist, forget the question. Apart from
farmers not being willing to give you a correct answer they will not be
able to do so because you haven't defined what you mean by ownership.
TIle question may now take a form like this:

Go with the farmer to the animals, point at one, and ask.

Who was the first (second, third) owner of this animal?
Under what conditions did it. come to the present owner?
Who receives the benefits 'from it?

Benefit Person
Milk
Hides/Meat

_.

1st offspring
2nd. offsprin~
3rd offspring
drought power
Others (specify
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Who can make the following decisions?

Decision Person
Sale
Give as loan
Give as security
Give for dowry
Kill for festival
Kill for meat
SalE: of milk
Sale of offspring
Others (specify)

Even though you ask about the same cow, you may get different answers
for each question. Remember that the objective of these questions is
to obt~in a qualitative, not necessarily quantitative understanding
of the situation initially (since quantification nlight require some years of
survey). Repeat the questions with different animals of different
farmers till you feel that you have covered the various forms of
ownership and user-rights present in the village or area.

The results could be presented in a table listing the ownership versus
the user relations. In our example from the Usambara Mountains the
followirig table was produceu.

Table 2: The Interrelationships between Ownership of Cows and their Use.
The table is based on the question of which benefits a male
farmer will get for his nuclear family from the cows to which
he has an ownership relation. (Source: KUnzel et al. 1982)

~
MILK HIDES DOWRY ECONOMIC SOCIAL

COW a.MEAT SECURITY SECURITY

INDIV.
X X X XOWNED

FROM
X x2 ) X XFATHER

FROM
FR.or REL. X X

OWNED BY xl) x3) x4) X
WIFE

GIVEN TO x2) X X XSON

GIVEN TO
FR.or REL. X X X X

1) normally consumed in the household, but the wife may sell it
2) partly used, £ince shared in the extended family
3) partly used, since shared with wife's parents
4) on borrowed basis only
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The question of land tenure is also very important. As is the case for
livestock t various owner/user relationships may exist for grazing
area~. Those, for example t who can decide on the use of an "unused"
grazing area on public land (and who may happily agree to put some form
of agroforestry on it) may not be the ones who can protect the area
against a direct claim from a fellow villager who wants to use this
space for cropping. Once tbe area is under dispute t encroachment by
cattle and fire are not far away. Therefore, it is important to make
sure that an area considered for agroforestry measures is not under
dispute regarding ownership.
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APPENPIX A-IO

*INDICES OF LJU~D USE INTENSITY

To assess the intensity of agricultural land usc in a particular system
the following indices are recommended:

1. CULTIVATION FACTOR

The auttivationfaator is the number of years-under cultivation as a
percentage of the total cultivation/non-cultivation cycle.· It is
measure of the intensity of arable use of a soil. The cultivation factor
R, in percent, is given by

R% = C
C + F + L x 100

Where C = years of cultivation; F = years of fallow; L = years of grass
ley or other non-arable use. Thus 3 years of cultivation followed by
10 years of fallow would give an R value of 3/(3 + 10) x 100 = 237., 4
years of cultivation followed by 2 years of grass ley would give a value
of 4/(4 + 2) x 100 = 67%. Double cropping, the taking of two crops in
one year, counts only as one year of cultivation. Hence the maximum value
of R is 100%, representing continuous cultivation.

Shifting cultivation systems are characterized by R values of less than
30%, semi-permanent cultivation systems by 30-70% and permanent cultivation
systems by over 70% (Ruthenberg, 1980; FAO, 1974).

2. CROPPING INDEX

The number of crops harvested in relation to years in the cropping cycle
is the cropping index, C, expressed as a percentage:

% = Number of crops harvested x 1007-
Co Number of years in the cropping cycle

For farming systems based on tree and shrub perennial crops the above
indices are not applicable.

An additional factor in assessing the intensity of agricultural land use
is the level of material inputs to the cropping system. Material inputs
refer to seed, fertilizers, pesticides, machinery, etc. They may be
described in generalized terms as levels of inputs, or specified in detaiL

For generalized descriptive purposed, three levels of inputs are suggested:

1. Low input level

No significant use of purchased ~nputs such as improved seed,
artificial fertilizers, pesticides, or machinery (i.e.
traditional farming in developing countries)

*Contributed by A. Young.
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2) Intermediate input level

Methods practices by farmers who follow the advice of agricultural
extension services but who have limited technical knowledge
and/or capital resources; inputs adequate to increase yields
but not to achieve maximum yields or maximum economic return;
e.g. some fertilizers (50-100 kg per hectare, expressed as
combined weight of elemental nutrients) and possibly some use
of chemical weed or pest control.

3 .. High input level·

Methods based on advance technology and adequate capital
resources, which are employed to maximize yields or economic
returns; e.g. fertilizers at levels of maximum economic
return, chemical weed and pest control at advanced technical
levels, mechanized cropping systems.
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APPENDIX B-1

ENVIRONMENTAL OBSERVATIONS AT THE DIAGNOSTIC SURVEY STAGE 'Ie

1. OBJECTIVES

The objectives of studies of the physical environment at the diagnostic
phase~ during and after field reconnaissance~ are:
to amplify, and LJhePe neaessaPy ao~at, inforn-ation obtained at the
p~-diagnostiaphase. This includes discovery of additional sources
of information (see below) a~amplification of information on relevant
aspects of the environmental setting.

~ int13!'prot tho prodiagnostw alassification of land units. This is
. basically a familiarization exercise t although the D&D team may wish to

modify somewhat the previous classification. These land units form the
environmental basis for further diagnosis and. subsequently, of
systems design (See steps 3 and 5)

To assess 1"esoUtJae potential, and envir>onmentaL Limitations: By
field study of the environment and the present land use. and by
subsequent comparison with land use requirements (of crops, etc.) and
analogous environments elsewhere, a preliminary assessment can be made
of the crops, livestock and trees suited to the area. and of ids
productive potential. At the same time~ the negative physic~l ~actor~
which limit productive capacity are appraised. (See Appendix B~)~

To assess adequacy of, and p1"eS8UI'eS upon, Land FeSourc8S. .There may be
shortages of cultivable land, grazing land, or woodland. As a
consequence of this~ there may be corresponding pressures on any of
these types of land. Land shortage is a.particular type of management
problem (see, below), but distinctive in its methods of appraisal and
its effects (See Appendix B-5).

To assess Zand rrrmagement probZems. This is the "troubleshooting" step
in the diagnostic phase. It is particularly relevant because many of
the techniques of agroforestry have a potential to ameliorate land
management problems. (See Appendices B-2. B-3. B-6, B-7 and B-8).

To assess the present en'lJil"onmentaZ degroadaticn and degradation hazazods.
Present degrada~ion refers to adverse effects on resources that have
already occurred, e.g. existing soil erosion. Natural hazards refer to
the danger of degradation occurring in the future. e.g. the hazard of soil
erosion if land pressure forces cultivation of steeper slopes than are
presently cultivated.

The difference between limitations and degradation/natural hazards is
that limitations are restrictions to productive potential caused by
the environment in its natural state, e.g. a short growing season limiting
the choice of crops; degradation refers to further lowering of potential
caused by adverse impacts of land use on resources~ e.g. lowering of soil
fertility through continuous arable use. Assessment of degradation
hazzards are partlcularly important to the evaluation of the sustainability
of present land use systems. (See Appendices A-7, B-2 and B~6).

*. AContr~buted by .Young.
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2. SOURCES OF INFORMATION

At the Diagnostic Stage, the amount of information available on the
physical environment from the Prediagnostic stage may be greatly
augumented, in three ways. First, visits to local research
institutes, and in particular to the national Soil Survey and the
Meteorological Services Organization, may reveal published and
unpublished maps, reports and tables of information which had not
previously been identified or obtained. Secondly, much will be
learnt from talking to local scientists, particularly in agro
climatology, soil survey, and ecology, to be sought in universities, .
research institutes and government deparonents. If possible a soil
surveyor and/or an ecologist should accompany the team near the start
of the field tour.

But thirdly' and most important, there is the information on land
forms, soils and vegetation obtained by field observation. Besides
its direct use, this will clarify, and probably lead to revision of,
the interpretations previously obtained from air photographs or
satellite imagery.

There will be some divergence at this phase between data-collection
activities on climate on the one land, and on landforms, soils and
vegetation on the other. The climatic data comes primarily from
locating and copying records the other environmental information from
field study.

The standard methods used in the reconnaissance stage of soil
surveys are appropriate: . route traverse notes on landforms, soil
appearance and vegetation, tied to site records at apparently represen
tative stops. The latter should where possible include a soil pit
or other soil exposure (e.g. road cutting).



APPENDIX B-2

*INTERVIEW GUIDELINES FOR AGROFORESTRY DIAGNOSIS AND DESIGN

Farming ,systems Re.search and Extension programs and fanning systems
rapid appraisal methodologies have been developed and tested under
div~rse conditions within recent years. The widespread application
of an integrated farming systems approach has fostered the testing
and refinement of several rapid appraisal techniques (Chambers, 1981)
including the "sondeo" of Hildeband for FSR/E programs (Hildebrand,
1981), the cropping systems approach developed at IRRI(Zanstra et al.~

1981) and the step-wise series of interviews and surveys used by .
Collinson (1981) in East Africa. Summaries of these methodologies
and the related interview techniques are also reviewed in a compendium
on Farming Systems Research by Shaner et al. (1982), A useful
discussion of the art of the informal diagnostic survey is contained
in Rhoades (1982). As suc~general farming systems applications of
diagnostic methods have been discussed and described in the literature
and need not be treated here.

To the extent that agroforestry systems D&D differs from the usual
farming systems approach it requires some additional guidelines, both
on content and methods of interview. The major objectives of agroforestry
technology development are:

1. to meet basic needs of client populations

2. to improve the sustainability of production systems

3. to further improve quality or quantity of production where possible,
once the first two conditions are satisfied.

The first objective usually refers to the basic needs of the farm
household: food, water, fuel, shelter, cash and raw materials for
cottage industry (See Appendix A-S). This emphasis iqtroduces a
sliding spatial scale to the analysis (and the interviews) ranging
from the intra-household level (distribution of labour, respc>nsibilities,
and benefits relative to each nee~to the ecosystem level (distribution,
use, and management of off-farm water t fuel, related land resources,'
labour and socio-economic and physical: infrastructure).

The second objective t by definition t extends the time scale of the
diagnosis. To·judge system sustainabi1ity under existing technologies
and proposed alternatives we require some knowledge of past conditions,
as well as trends in production rates and the state of the resource base.
On this basis we can determine likely trends for the future. The fact that
agroforestry deals with combinations of long-lived trees and shrubs,
together with annual crops and animal production t also reinforces the
need for a longer time frame than that normally applied to farming
systems analyses.

'Ie ,
Contr1buted by D. Rocheleau
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Historical accounts of land use, production, household conditions and
ecosystem condition become important tools both for diagnosis of
sustainability and production constraints and for feasibility evaluation
of proposed solutions. Imagining the futures - possible, with the
farmers' help, becomes important for judging technologies that require
present investments for relatively long term returns. Sustainability
considerations may also require topical emphases on soil, water,
and/or labour depending on ~hich resource is, or is likely to become,
limiting. In many cases agroforestry technologies are intended as
methods for maintenance or rehabilitation of soil and water resources
in fragile and/or degraded ecosystems.

The third 'objective, improved production, does not differ substantially
from· the usual: focus of farming systems analyses and surveys. As such
it requires no special' guidelines beyond those already referred to in
the literature.

Interview guidelines . are presented for determining intra-household
perceptions of problems and potentials with respect to basic needs,
for determining historical trends and exploring futures possible at
the farm and ecosystem scales, for describing the interaction between
the farming system and the larger ecosystem (including the community),
and for diagnostic interviews in soil and water conservation or watershed
management projects.

1. GENERAL INTERVIEW GUIDELINES

Intra-household distribution of labour and interests re: basic needs

Problem diagnosis can easily be biased by speaking exclusively to adult
males and/or heads of household. For example, in many areas, although
men are recognized as farm managers and heads of household, they specialize
mainly in cash and food production. It is also necessary to consider
the role of women as managers of water, fuel, milk, food supplies,
cottage industries and small animal production. Children are often
employed in such tasks as well, usually under maternal supervision.

Early on in the interview (perhaps just after a brief overview of the
farm's layout and the land use history) the team should determine who
is responsible for collecting, producing, purchasing and/or managing
each of the end-products identified as basic household needs. Based
on the answer, part or all of the team may wish to question the farmer's
wife or husband, some of the children, a parent, or other members of the
farm household. It is often helpful to let one or two team members split
off and converse with other persons while the group stays with the main
farm (or unit) manager.

These parallel interviews contribute two types of information:
First, the concerns and opinions of each sub-manager or participant about
the activities' and needs of greatest import to them; and secondly,
verification of data obtained from other informants. Differences between
responses to certain common questions asked of all informants
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(land use history, trends in yields, trends in environmental conditions
and utilization of labour on and off-farm, etc.) can be ve~ified in this
fashion, as well as by comparing responses between simi1<p:farm
households. The first type of information is more uniquely the
province of intra-household stratified interviews and should take priority
in terms of time and emphasis given in the interviews.

For these supplementary interviews the actual questions to be asked may
vary little from the checklist and questions suggested for each basic
needl in Appendix B-3. The major differences will be in the range of basic
needs discussed and in the format for discussion itself. For example
one might walk to the well, river or waterhole (if nearby) with the
farmer's wife to discuss a problem of water supply (quality, quantity,
transport) or the interview might take place inside the cooking area while
food is being prepared, or in a milking area near the house. Conversation
about other related concerns of the women such as child-rearing may lead
to identificatidn of nutritional or health problems, fuel shortage or
household labour shortages. These informants may be invited or requested
to tour other parts of the farm premises with the team member(s) if it will
help to clarify activities managed by that person in another part of the
farm holdings or environs. In the case of cottage industry one or more
team members may enter the work area or shop if, for example, there is
a separate building for woodworking, weaving or similar activities.
Artisans may be interviewed while working. Gathering or collecting sites
for raW' materials may also.bevisited, if pertinent.

It should be kept in mind that to the extent the team splits up for part
of the interview time, more post-interview discussion will be required
for the team to synthesize the results and complete the diagnosis. If
only one person can be interviewed, due to logistic, cultural or other
constraints, then more attention should be directed toward questions
about the concerns and work of other people within the farm household.
To the extent possible, interviewers should pose questions that might
indicate indirectly whether other household meuiliers face problems
with respect to each of the basic needs categories. For example time
and-distance questions with respect to fuel and water collection can indicate
potential problems in labour utilization within the household. Where such
indicators prove positive one can probe further to elicit the second-
hand impressions of the farm manager with respect to such activities and
related problems. It is, however, always preferable to speak to two or
three members of the household where responsibilities and labour are divided.

2. INTERVIEW GUIDELINES FOR EXPANDING TIlE TIME FRAME OF THE DIAGNOSIS

The rapid appraisal time constraints for the diagnostic. process itself
do not necessarily limit the time span considered in diagnostic and design
interviews. The agroforestry D&D methodology includes a dynamic analysis
conducted within a rapid appraisal context.

The back drop for such an analysis fits well into the needs of the
interview team. After the introduction at the outset of the farm tour
the team can ask the land manager about his/her length of residence in
the vicinity and on the present holding. This can be followed by an
open question about the history of land use and management ,on the farm
and its immediate surroundings. Further prompting should be directed
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toward: land use/farm rr~nagement changes and the reasons for them;
trends in yields and prices of farm products, trends in amount and
prices of purchased production inputs and purchased household goods;
past problems experienced by the farm household, the responses to them
and the eventual outcome; differential impact of past economic or
natural stresses on various land usc types and on fulfilment of the
various basic needs at the household level. Other specific questions
may arise based on the responses of the interviewee. Discussion of the
current situation may be guided sowewhat by this knowledge of the land
use history, but the general approach vould follow the guidelines
normally used for farming systems interviews about present conditions.

Projecting the present conditions and alternative technologies or systems
into the future should be presented casually as an exercise in imagination.
The potential for this technique will vary with personal and cultural.
attitudes about the future and planning in general. However,. in many 'cases
the farmer may antici.pate future problems not yet apparent (and seek solutions
to them).' Informants may also veto some suggested alternatives based on
latent constraints previously unknown to the team. The alternatives
should be raised in very general terms leaving the field open for
elaboration or other suggestions by the informant. The changing conditions
on the farm must be imagined into these technology previews t including
the demographic characteristics of the farm household, the c9ndition of
the natural resource base on the farm, price changes in farm products
and purchases. and changes of all 3 three types in the wider environment
of the farm. The informant may anticipate these, but if not some prompting
should be provided to explore the impact of such changes on adoptability
and performance of suggested technologies.

This same type of exercise could apply if the informant names a constraint
that the team judges to be ephemeral or realistically subject to removal.
Then the question "what if that were changed?" could be used to
postulate an alternative future condition for technology adoptabilityl
performance.

3. INTERVIEW GUIDELINES FOR C¥~CTERIZING FARM-ECOSYSTEM INTERACTIONS

The relationship of the farm to the larger ecosystem is important to
agroforestry D&D for three reasons:

1. The need to better understand and ,cope with farming systems
opportunities and limits that reside (or originate) in the next
larger system of which the farm is apart.

2. The need in many projects (which currently apply a farming systems
approach) to serve abroader client gr~up than a particular type of
farm household.

3. The need to analyse the combined use of private and public (or
otherwise shared) resources in rural agricultural and forest
production.

Two major topics of int~rest can provide focal points for discussion
with land managers (unit managers) about the relationship of the land use
unit to its surroundings. First, discuss dependence on local off-farm
resources for satisfaction of basic needs. especially fuel and water. which
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are often collected off-farm but nearby. Cash may also be earned from
nearby off-farm ~ork or sales, to local consumers. The degree of
direct dependence on local off-farm resources can be established by asking
about the relative amounts and the importance of the goods secured
off-farm. Ask about who owns and uses these resources and about the
terms of use, trade, purchase or collection. If possible try to get
the farmer's impression as to the future reliability of the quality,
quantity and ar.cessibility of these resources. '.. ~. ;

The second related point is th~reliance on local market services for
transactions with external sources. Questions about where the household
sells its goods, where it makes its purchases and what kind 'of items""
are traded, should be directed toward establishing the degree of
interdependence between local farms and other land use systems and the
degree of interaction W'ith~ (or dependence on) outside sources of basic
household needs.' .

As a complement to the farm interviews it is advisable to go to public
plazas or similar gathering places with one who knows the settlement or
town. Visit homes, if necessary, to conduct interviews and visit some
businesses or market place locations if possible. Rely on local team
members or guides to identify potential ,informants and request their
participation in a discussion. The feasibility of doing this in a park,
marketplace or business will vary with'the cultural predisposition to
talk to strangers under these circumstances and will also vary with
the timing of the interview (re: crowding, noise level, presence of
potential interviewees, etc.).

Once an introduction has been made, begin by discussing current
conditions that relate to local production and livelihood of the
inhabitants: the weather, this season's harvest, current prices in the
market. Determine the length of time the informant has lived in the
area, his/her place of residence, size and type of holdings, if any,
and occupation. This should be accomplished if possible with general
open-ended questions to avoid placing the informant in a defensive
position. Askmore specific (but still open-ended) questions about the
availability of food, water, fuel shelter, employment, raw materials,
labour, desired "imported" goods, and markets for local products. With
respect to these topics, informants may be asked for their opinions on
the general case for the community at large, their own case, and how
the situation varies 'by group or location.

If interviews are being conducted in a public place try to stay out
of earshot of other groups., Be particularly careful of mixing people
of different socio-economicgroups if small-group interviews are
conducted, especially when treating issues such as employment, markets,
and labour. Even among peers it is possible that responses to some
questions may be biased by theinforw~nt's efforts to maintain his/her
image.

A significant part of the information on farm-ecosystem interactions may
also come from discussions with other qualified informants such as civil
servants, extension agents, health and/or social workers. Reliance on any
single agency (such as agricultural extension) should be avoided'since
this would bias both the content and the conclusions of information on
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community needs and problems within the ecosystem. For example, the
obstacles to adoption of new technology should also be discussed with
public servants concerned with other evaluation criteria.

Some landless people and some who have very small farms and depend.
primarily on off-farm income should be interviewed, especially if their
numbers are large and more So if the ecosystem analysis is being conducted
within the context of a rural development project. To determine the
condition as well as the current role of these people within the ecosystem,
questions shou~d address a wide range of topics: sources of cash and/or
materials for fulfillment of basic needs; the degree to which these
needs are met; problems or potentials for improvement perceived by the
informants; and the degree and type of interaction with local land use ,
systems and the 'larger system. Note types of activity, location, timing
(if seasonal) and exchanges of goods/services/cash.

Ask about time of resi'dence in the area and in their current home.' Probe
for predisposition to remain in the area and to engage in employment
(on or off-farm) related to potential agroforestry technologies or land use
changes. Present these alternatives as part of an array of future
possibilities so as not to bias reponses. Encourage informants to suggest
future alternatives or solutions to current problems, since this gives
the team an idea of what people most need, want and are willing to do.

4. INTERVIEW GUIDELINES FOR AF APPLICATIONS TO SOIL AND WATER
CONSERVATION OR WATERSHED MANAGEMENT

The rapid appraisal or diagnostic survey offers a vehicle for gathering
pertinent qualitative information about the soil, water, vegetation
animals and water resources of the region and the local ecosystem(s).
Farm families and other residents often have considerable knowledge of
the characteristics and behaviour of their environment.

It is advisable that these interviews be conducted by the whole team
or at least by two members in order to utilize both sociai science skills
and ecological knOWledge.

It is particularly important, for design purposes later on, to diagnose
the local perception of the soil and water management problems, as well
as the characteristics, magnitude and trends of the problems. Moreover,
the will and ability to apply specific conservation practices or technolo
gical solutions must be gaged, if possible, particularly with regard to
agroforestry substitutes or supplements to standard practices.

Trends in the degradation of water and vegetation can also be identified
and described, particularly by elderly residents. This type of information
can indicate whether such trends are perceived as "problems," and whether
there is a marked relationship to land use and management. This in turn
indicates whether agroforestry technologies might be used for rehabilitation
or stabilization purposes at the ecosystem scale.
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For example, flood frequency and intensity, and its variation with land
use over time, may be estimated for ungaged streams for information
gained in interviews with reliable informants. This is best
accomplished by independent questioning of several people. including 2
or 3 elderly residents who live near regularly observed strealIl,S,~or

rivers of interest. Their description of flood crests should be related
to recognizable features on or near the stream banks so as to allow
location on topographic maps or aerial photographs later on. Other
questions about flood frequency and characteristics can also be
answered ,in qualitative terms. It is important to avoid leading questions
about the trends involved or the potential relationship to land use.

It is best to broach the subject of the river. it's behaviour and it's
history and then to let the informants relate their experiences.
observations. impressions in a more or less uninterrupted fashion (if
time permits and if informantion is relevant). If the information is not
volunteered. some specific questions should be posed regarding the
situation during the informant's childhood and young adult years. The
answers can be compared later with statements about the current condition
and behaviour of the stream. It is usually possible to determine: the
highest flood on record or in memory • the relative frequency of lesser
flood magnitu1es, including before and after specific land use changes
of interest. the approximate extent of the mean annual, 5 year and 10
year floodplains. the intensity of channel erosion and changes over time,
the relative amounts of sediment transported and deposited in stream or
river channels during floods. the existence of seasonal water shortage
problems. whether there are apparent effects from upstream land use, and
whether residents relate watershed management or land use to stream
behaviour, stream water quality, dependability of water sypply or damage
to floodplain fields.

The historical development. probable causes and effects of prominent
erosion features, such as gullies and landslips, or outcrops exposed by
erosion, can also be ascertained in like manner. This is often an
easier topic than river regime and watersheds, since farmers are usually
more aware of such features and the time frame required for their analysis
is relatively short by comparison. After establishing how long the
person has lived on the farm it can be determined whether the current
features on or near the farm (a large gully for exa~le) pre-date his/her
arrival. ,- . ,

The time of appearance and the ..conditions (land use t management, weather)
under which a particular feature occurred may offer clues as to the cause.
If he/she does not recogniz~ such a feature as a. Ifproblem" per se it
may be useful to probe for~ the reason.

If soil or water con~ervation programs have been promoted or introduced
in the past it is particularly important not to refer directly to
erosion control or conservation practices until the farmer has had a
chance to ,indicate his/her attitude towards land condition or specific
features. Otherwise results are likely to be biased by "official line"
responses known to be the "correct" answers. If the answers seem to be
of this type interviewers can probe by asking about the labour and
c'apital requirements for such practices, or by asking about where they have
been applied and what have been the results. Also, one may ask if other
farmers are implementing the recommended practices, and why (or why not).
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The informant or the team may observe that significant effects exist but
are felt primarily off-farm. In such a ease the persons or groups most
directly affected may be identified and interviewed, depending on the
importance of soil erosion/land degradation within the context of the
project. Such special interviews (on land degradation effects) can
determine whether the effects are perceived t how serious they are (and
are perceived to be), if those affected relate the problem to land use
or to natural causes, i.f there are discernible historical trends in the
occurance and/or magnitude of the effects t and what measures have been
taken to combat/correct the problems (by whom, how, at what cost?).
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APPENDIX B-3

SAMPLE DIAGNOSTIC SURVEY FORM

LOCATION

FARNER'S NAME

DATE

INTERVIEWER -------

Thi"s, survey guide assumes that the representativeness of the farm being
surveyed has been more-or-less established by the Prediagnostic
Working Group, but section 2 on resource endOWUlent and utilization will
assist the D&D Survey Team to accurately classify the farm and decide
whether, in fact, the farm is representative of the selected land use
system. (This will determine whether or not the interview is to be
continued.)

ON ARRIVAL AT THE FARM: Greet the farmer, explain the purpose of the
visit and ask him/her to take the team on a quick inspection tour of
the farm. During this tour take note of prominent landscape features,
general land use pattern and variations in soil type, crop stand,
vegetation cover, farm infrastructure, etc.

During this tour initiate enquiries contained 1n sections 1 and 2 below.
On completion of the farm tour and sections 1 and 2, the team should
decide whether the farm is representative and whether or not to
continue the interview. If the decision is not to continue, thank the
farmer for his/her cooperation and depart gracefully.

Try to address specific enquiries to the most knowledgeable/appropriate
household member.

1. LAND USE HISTORY

How long has the farmer been living in the area?

How long has he/she been farming this particular land?

What form of land use was practiced at the beginning of the period?
What changes in land use have occurred? Why?

lVhat was the condition of the land at the beginning of this period?
What changes in land condition (including vegetation changes, etc.)
have occurred in the meantime?
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2. RESOURCE ENDOWMENT AND UTILIZATION

2.1 LAND

Subdivide the holding in terms of the following land use types t ascertain
the approxi~te area of each, and note any pertinent observations about
the quality or quantity of particular land resources. Add other land
categories as needed. Find out whether the farmer owns or makes use of
other plots outside tile immediate farm boundaries and be sure to include
them in the survey. Note also the amount, type and quality of water
resources on the farm (or t if none, the nature of and distance to off-farm
sources). Check land tenure

Land Use Type

rainfed cropland

irrigated cropland

pastures

rough grazing land

orchards

woodlot/forest land

home compound

'.

Approx. Area Observations/Notes

_.

Water sources on farmland:

Land tenure:

Additional Notes:
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2.2 LABOUR

Ascertain the labour resources of the farm in terms of source (family,
hired, community, etc.), type (adult male or female, children, others)
engagement in off-farm activities, and avaiZabiZity fo~ farm activities.
Specify numbers in terms of persons and availability in terms of percentage
of time available for farm work (br man-days if % is difficult to elicit).

Source and Type Number Non-Farm Activities
Availabil ty
for Farm Work

Family:

Hired:

Other
(Specify)

adult male
adult female
children

adult male
adult female
children

Additional Notes:

2.3 OTHER RESOURCES

Livestock (Specify)

Farm machinery/implements

Other resources

Number Use or Purpose Observations/Notes
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2.4. LIMITING RESOURCES

Raving ascertained the resource endowment of the management unit~ the team
should now try to determine which resources are most limiting for farm
production. This step is broken down into two parts dealing with the
main produation factors and land qua"lities.

Production Factors

Which of the following factors constitutes the main limitation to farm
production? If there is more than one limiting factor, try to rank them
in order of constraint. Probe the farmer's response with such questions
as: "If you wanted to increase the production of the farm, which of the
following would you need most? Next most?" etc. "For what purposes?"

Rank Factor Observations/Notes

Land

Labour

Draught animals

__ Machinery/implements

Land Quality Limitations

Ascertain, through questions and direct observation, whether there are
any qualitative limitations to production for the crops raised on the farm.
This is to be done at a very preliminary and general level; more detailed
examination of limiting constraints will be carried out as part of the
trouble-shooting exercise in section 3. (See Appendix B-9 for further
guidelines.) •

Climatic Limitations

Soil Limitations

Topographic and Other
Site Limitations

Additional Notes:

Observations/Notes
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3. PROBLEM,II)ENTIFICATION IN HOUSEHOLD PRODUCTION SUBSYSTEMS

This is a progressive, trouble-shooting type of exercise. First
determine farmers production objectives with respect to each basic
needs category, then ascertain what problems there are in meeting
these objectives (the symptoms will usually be in the nature of supply
shortages), then probe for possible causes of each problem
(through a combination of question. direct observations and general
discussion). See Appendices B-1 through B-9 for more detailed
guidelines on specific diagnostic procedures.

3.1 FOOD PRODUCTION SUBSYSTEM

The focus here is on crops and livestock products grown for home
consumption, and whatever is involved in growing them.

Production Objectives

Ascertain primary and secondary objectives with respect to the househo1d t s
strategy for supplying itself with staple foods.·

Production

Staple food self-sufficiency

Supplementary production of staples

Purchase

Purchase of most staples

Supplementary purchase of staples

Sale

Sale of food cash crops

Sale of Jlsurp1us" food

Supply Problems

Primary
Objective

Secondary
Objective

Seasonal shortages of staples occur:

What season?

only in bad years

in most years

even in good years

To better understand the supply situation it may be useful fill out
the following supply calendar for the main crops and livestock
products related to food supply problems. Check discrepancies
between times of main consumption, harvest and purchase. (Indicate
times in months or seasons).

---------- Main Times of

Main Foods Consumption Harvest Purchase Observations/Notes
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Diagnosis of Causal Factors Responsible for Food Supply Problems

Detailed guidelines for the trouble-shooting anaJysis of possible causal
factcrsinvolved in the the generation of food supply problems are given
in Appendices B-1 through B-9 (see especially B-6). Most of the
contributing causes will fall into the following categories. Add
other categories and notes as required. Check as applicable and give
explanatory notes (why, when, how, etc.).

CROP PRODUCTION

Causal Factors

Land shortage

Labour shortage

_ Draught power

Moisture deficiencies
short growing season
unreliable timing of rains
midseason moisture stress

Poor infiltration of rain

Low water holding capacity

Poor rooting conditions
shallow soils
poor structure/consistency
poor drainage/aeration

Tillage problems
workability
rocks, stones, roots

Soil nutrient deficiencies
specify:
evidence:

Soil erosion
gully
sheet
wind

Other hazzards
flooding/waterlogging
salinization
soil toxicities
weeds
crop diseases
insect pests
other pests
theft

Inadequate supply of inputs

Inadequate knowledge or skill

Other factors:

Explanatory Notes
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LIVESTOCK PRODUCTION

Problem/Causal Factors

Weight loss or low
rate of gain

Low milk production

High mortali ty
unweaned animals
adult animals

Low reproduction rate

Land shortage

Labour shor tage

Water shortage

Pasture shortage

Browse shortage

Fodder shortage
(cut-and-carry
rna terials, etc.)

Poor quality of feeds
specify which:

Pasture degradation

Bush encroachment

Soil erosion
gully
sheet
wind

Fire Hazzard' ·;.
' .. , '

Inadequate fencing

Inadequate shade

Inadequate veterinary
services

Other factors:

Season Observations/Notes

. ," ;.
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Measures Taken to Alleviate Problems in the Food Production Subsystem

How does the household cope with supply shortages? What strategies have
they got for dealing with crop failure? What measures are taken to reduce
or mitigate causal factors and constraints? Are these measures adequate?
Probe and discuss until the team feels it has an adequate picture of
household strategy with respect to the alleviation or avoidance of food
problems.

3.2 WATER SUPPLY SUBSYSTEM

Water is not "produced" on the farm in the same way that the other basic
nee.ds are produced, but water management practices can affect the
overall supply of water on the fa~. Problems associated with indirect
consumption of water on the farm (e.g. for crop and livestock production)
are dealt with in other sections. This section deals with problems
involved in the supply of water for direct household consumption.

Problems/Causal Factors

Inadequate drinking water

Inadequate water for other
uses (bathing, etc.)

Lack of water source on farm

Time & distance to water source

Poor allocation of water resources

Poor watershed management
overgrazing
deforestation
inadequate runoff control
poor infiltration

Lack of drainage and
storage infrastructure

High evaporation losses from
surface storage facilities

Observations/Notes
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3.3 ENERGY SUPPLY SUBSYSTEM

First ascertain the householdts present pattern of energy use by' filling
out the table below. Then probe for answers to the questions which
follow.

Type of
Energy

- Uses -
Cooking Heating Industry

- Means of Supply -.'
Produce Collect Purchase

Adequacy
of Supply

Firewood

Charcoal

Crop residues

Dung

Kerosene

Gas

Electricity

Other

Location of woodfuel (firewood t charcoal) sources?

How much time is spent in meeting the householdts energy requirements?

Is the household using what it considers to be inferior energy sources?
Why?

";},

Are supply, time or cash expenses required for meeting energy needs
considered to be a problem by the person(s) responsible (usua.lly the
women)?

Are energy shortages anticipated in the future?
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3.4. SHELTER SUBSYSTEM

Shelter in various forms is another basic need (inclusive of the following
shelter types and resources). Probe present status and unfulfilled needs.

Shelter Type
or Resource

H~using for people

Housing for livestock

Stores

Windbreaks

Shade
for people
for livestock
for crops

Fencing
around cropland
around grazing land
for pens, bomas, kraals
for security purposes

Delineation/protection
of boundaries
of paths
of catchment areas
of drainage/irrigation

features

Building materials
poles
posts
saw wood
other

3.5 RAW MATERIALS SUBSYSTEM

Present Status Needs

Identify the main cottage industries engaged in by household members whether
for home consumption or sale (e.g. handicraft, food processing, carpentry,
brick making, etc.). Next, identify the type of source (farm produced or
purchased) of the main raw materials and ascertain whether there are supply
problems now or any anticipated in the future. Record analysis of the causes
of these problems •.

Cottage Industry
Raw

Material
- Source 

Produced Purchased Problems/Causes
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3.6. CASH SUPPLY SUBSYSTEM

Identify the main cash expenditures (household expenses, farm inputs,
. others) and the main sources of cash income. Note times of cash outflow
and inflow (by month or season). Ascertain whether there a~e any
difficul ties in raising the cash to meet these expenses. (Identify time
discrepancies between cash inflow and outflow and probe for problems.)
Trouble-shoot the cash enterprises to identify the causes of these problems.
(Some of the causes may have 'already been identified in the diagnosis of
previous subsystems.)

.'~

Expenditures

Food

Clothing

Fuel

Shelter

Raw Materials

Social expenses

School expenses

Crop inputs

Hired labour

Equipment purchase
or rental

Livestock purchase

Veterinary expenses

Others

Income Sources

Sale of cash crops

Sale of surplus foods

Sale of Livestock

Sale of cottage
industry products

Off farm employment

Gifts and remittances

Others

Time Problems/Causes

What are the main times during the year when cash becomes a bottleneck?
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3.7 SAVINGS/INVESTMENT SUBSYSTEM

In addition to maintaining an adequate cash flow throughout the year, most
households have savings. or investment aspirations (e.g. to send the
children to college, buy land, improve the farm, pay bride price or
dowry, build a new house, move to town,. or simply have something to sell
to meet emergency medical expenses). Unfortunately, not all households
with genuine savings aspirations have viable savings/investment enterprises.
(Livestock serve this function in many systems; high value timber plantings
could be another example of a savings/investment enterprise). First
determine what savings/investment enterprises there are, if any, and
then trouble-shoot them to identify problems and causes. (The lack of
any savings/investment enterprise could itself be considered a problem).

There is no savings/investment enterprise (check if applicable).
Is this perceived as a problem? Why is there no such enterprise?

Existing Savings/Investment
Enterprises

3.8 SOCIAL PHODUCTION SUBSYSTEM

Prob lems /Causes

The maintenance of good social relations within the connnunity of immediate
relevance to the household is an economic imperative and a basic human need.
Many types of "social production", not easily classified under any of the
above categories, come under the heading of this general umbrella term for
all production activities and expenditures which are undertaken for
explicitly social (or political) purposes. In some societies, this amounts
to a large proportion of the total labour effort. In all societies, there
will be "social expenses" of one sort or another. Rites of passage (birth,
marriage, death, ascendency to political office, etc.) are common occasions
of often unbelievably high expenditures for social purposes. Identify the
major forms of social production and e~genditure, the associated problems
and (if the problems a~e significant) the c~uses of these problems.

Social Production/Expenditure Problems/Causes
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I.. FARMER'S ASSESSMENT OF AGROFORESTRY POTENTIAL

Probe for farmer's free response to the suggestion that trees might play
a role in the solution to some of his problems with questions like:

t'What role can a tree/shrub play to solve some of the problems you have?"

"What kind of trees would you plant and where?"

"Why have you not planted them yet?"

Team members may also wish to probe the farmer's response to specific
technical suggestions, explained to him/her in the field.

Notes:
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APPENDIX B-4

'*CO~fMODITY/RESOURCE AVAILABILITY PROFILES

The occurence of shortages of consumed commodities or production resources
will, in many cases, be a seasonal phenonmenon. To assess the occurance
and severity of such shortages it is useful to construct an availability
profile for the major commodities and/or resources:

Food p~file: showing food production, taking into account sborage
and food consumption over time (for the main products only). A
more sophisticated form of food profile could be a nutritional
profile.

Energy p~file: showing the consumption of energy (particularly
woodfules) as well as the supply of energy over time.

cash [tow profiLe: showing cash inflows and outflows, including loans
and debt service, over time.

Labour p~fiLe: depicting supply and demand for labour over time

Peed profile: showing the supply of various types of livestock feed
in different seasons of the year.

The normal time span for such profiles is a "typical" year, marked off
into monthly and/or seasonal divisions, although it may also be useful
to look at availability profiles in ''bad'' years and "good" years.

Traditionally, these profiles have been constructed on the basis of long
term studies providing detailed quantitative data. Although such data
would be ideal, in rapid appraisal, where little time and/or data are
available, obtaining a rough qualitative picture of the ~ritiaaL periods
may be all that is possible or necessary.

To obtain a rough qualitative picture of the peak as well as the sZaak
as well as the slack periods of supply and demand for the above
commodities/resources, several options exist:

1) Use data obtained from the existing literature; for example, case
studies that have been conducted in the study area already.

2) Use information obtained directly from diagnostic interviews with
representative farm management units. This may be best handled by
asking questions like: when do you, or would you like to buy additional
food or firewood, borrow money, hired additional labour, purchnse
additional feed or rent additional grazing land?

3) Use indirect inferences obtained by studying the agroclimatic
conditions (especially the rainfall pattern - see Appendix A-3) in
relation to the cropping calendar and pattern.

PREVIOUS PAGE BLANK

·Contributed by D.A. Hoekstra.



APPENDIX B-5

*ASSESSMENT OF THE ADEQUACY OF LAND RESOURCES

L General

Shortage of 'land, with consequent pressure of use upoa it, is widespread
and fundamental. The pressure of use frequently leads to environmental
degradation: soil degradation or erosion, degradation of pasture and
browse vegetation, degradation of woody vegetation. Many traditional
systems for land management were ecologically stable at low population
densities but have become unstable through increasing intensity of use.

Land resources can be considered basically in terms of cropland,
grazing land, woodland, land for other uses, and wasteland (the last
named being unproductive and unutilizable land within farm boundaries).
An initial question is the extent to which cropland, grazing land and
woodland are distinct from each other. Land allocation practices may
arise through environmental necessity, e.g. grazing land On swampy
valley floors, woodland on rocky hill slopes. Alternatively they may
arise for social reasons, e.g. communal tenure rights to grazing and/
or woodland, lack of labour to convert one use to another, or simply
farming custom. It is clearly relevant to possible agroforestry
interventions to assess the situation in this respect.

The following discussion is based on the assumption that the different
major kinds of land use are practised on separate land areas. Adjustments
must be made for rotation between uses. In all these cases the

. principle is the same, to compare land requirements with available
land. This may be done for sample farms visited, or for a synthesized
farm representative of the land management system.

2. Cropland

Requirements. For subsistence food needs, estimate dietary needs for
farming family in kilocalories (2500 kcal per adult per day); divide
by calorific value of staple food crop(s) to obtain required weight
of harvested crop(s); divide by typical yields to obta~n required area
harvested each year; adjust where relevant for 2 crops per year; and
divide'by the maximum permissible cuI tivation factor. C,. express~d as a
fracition, to obtain cropland required for subsistence food needs.
(Sources: Allan, 1965; Young, 1976; Young, 1980). E. g. man, .wife ,
one elderly person and 3 children = 4 adult equivalents; dietary
requirement 4 x 2500 x 365 =3.65 million ked/year; growing one~rop

per year of maize, 3500 ked/kg, 3.65 million';' 3500 =1043 kg maize;
typical yield 1000 kg/ha, requires 1.04 ha; maximum acceptable arabl~

use 6 years in 10, C = 60% or 0.6, :. land required for subsistence,needs,
1.04 .;. 0.6 = 1. 73 ha.

A more rapid method is simply to obtain a local estimate for the land
area required to support one person or an average farming family.

'It •
Contrlbuted by A. Young

PREVIOUS PAGE BLANK
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For cash crops the equivalent procedure is to assume a target income, and
adjust successively for price of crop, typical yield, and maximum
permissible cultivation intensity under the crop.

Note that the cropland requirements refer to a specified management levels.
those which lead to the value for crop yield employed.

Available cropland. If an cuI tivable land is cuI dvated (or under short
fallows), there is no problem. Otherwise, cultivable land must be
estimated. This is conveniently done by selecting critical values of
the major;limitations to arable use: slope angle, soil depth, soil. drainage
class. The technique of land capability classification 'has as its '
primary purpose the identification of potential arabie land (land capability
classes ,I~III), marginal arable (clas~ IV) and non-ara~le (class V-VIII).

3. Grazing land

Requirements. The starting point is usually ,the number of livestock
units actually present on the farm. Alternately, the needs (for
traction, milk, meat. sale, social purposes) may be estimated. Next, the
livestock carrying capacity must be estimated; this is the maximum number
of livestock units (per hectare or per square kilometre) the land~ill

support. at a given level of management, without degradation of vegetation.
Carrying capacity is usually obtained as an estimate based on local
experience. since the pasture growth rate and other measurements 'necessary for
an objective estimate are too time-consuming (Condon, 1968). There may be
separate carrying capacities and requirements for dry-season grazing land
(valley grasslands) and wet-season land.

Available grazing land. All land suited to grazing ~s probably in such
use, and the area ca~ be measured or estimated.

4. 'Woodland

Requirements. Multiply the po~ulation by the annual per capita fuelwood
requirement (a figure, of one In per person per year is commonly taken).
Add an amount for wood requirements other than for fuel. Divide, by an
estimate of the mean annual i~crement of existing woodland, as cubic
metres per hectare per year, to obtain hectares of woodland required.

Available woodland. As land suited to woodland but not presently under
it is not a current resource. the available land is actual area of
woodland. In some environments, woodland will also be included as
wet-season grazing land.
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5. Summary Table

The following table is a proforma for estimating present land use,
land requirements, available land, and thus pressure on land resources.
Provision for the farmer's perception of land shortage is included.

The ratios between land requirements and land availability, for each
major kind of use, will only be very approximately estimated during
the diagnostic phase. Nevertheless, even these broad estimates serve
to indicate relative land pressures. A requirements: availability
ratio of appreciably less than 1.0 indicates no pressure. If the ratio
exceeds 2.0, pressure on land maY reasonably be considered severe,
with the likelihood of degradation of resources.

LAND AVAILABILITY

Areas in hectares , acres local unit ha.

1. Present land use

Total farm area

Cultivated

ha
---ha

___ ha.
ha

---ha

ha
---ha

ha
---ha

ha---
)
)

l.
2.
3.

grazing:

resting:

oth~r uses:

fallow (natural vegetation)
productive ( )

valley/wetland
hill/steep slopes
other

woodland: natural (
planted (

Notes

2. Land shortage

Is all cultivable land cultivated?

Notes:

Land shortage: grade as shortage exists , severe , and describe.

Farmer Survey team Notes

Cropla,nd

Grazing land

\-loodland

Other problems

Notes
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3. Land pressure

A. Cropland: soil rest period

Estimated requirement:

c

Kcal/y
Kg
at
ha/y

(crop) 1'1
(yield) Kg/ha
cultivated

Typical rotation (ye~rs):

Cultivation· factor R (%)' =

cultivated
resting: fallow

productive

C
C+F+L x 100

C
c F
= L'

R %

Crop ro tadon:

Changes from past (fallow, rotations):

B. Grazing land

Estimated carrying capacity Livestock unit (350 kg) per hectare-----

Stock on farm: cattle
sheep
goats
other
total

Number

=
· 10 =·· 10· =
· =

Cattle equivalent

Grazing land (hectares)

Cattle equivalent = Cattle equivalent/ha---------
Relation between cattle equivalent and 350 kg livestock units:

Notes:

c. Woodland

Woodland area ha
Mean annual increment
Annual growth
Estimated requirement

3
m I' aly
m3/y
m2/y

Requirement _
growth -

Frequency of cutting (total, coppicing, partial, etc.):

Notes:

Summary: Land availability and pressure
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APPENDIX B-6

NOTES ON THE ASSESSMENT OF LAND MANAGEMENT

*PROBLEMS AND DEGRADATION HAZARDS

1. Land Managemen t Prob lems

Land management problems are difficulties which originate from interactions
between land use and land. Most such problems are specific to one major
kind of land use.

Check-lists are given below. These may be used at sample farms
during diagnosis. Summaries can subsequently he prepared, separately
for each system. Notes on the evidence for existence of a problem
should be added. Possible forms of evidence include:

farmer's statements

statements by local advisory or research staff

field observation during tours of farms

experimental evidence from research stations

The following list of land management problems directs attention to
difficulties present in the land use systems, which in some cases may
offer opportunities for emelioration through agroforestry techniques.

Crop Production

Moisture deficiency: short growing season
viability/unreliability
moisture stress in crops

Oxygen deficiency (soil drainage)
Nutrient deficiencies (give details, evidence)

Rooting conditions: shallow soils
poor structure/consistence

Tillage problems: rocks/stones
workability

Low soil water holding capacity ,

Hazards: flooding/waterlogging
salinization
soil toxicities: AI, ,(pH <5.0)

. other
. ,--.

weeds
crop diseases
insect pests
other pests

.. * .Contributed by A. Young

PREVIOUS PAGE BLANK



Soil erosion:

Other problems

gully
sheet
wind
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Livestock production

Pasture shortage: season
Browse shortage: season
Insufficient cut-and-carry materials
Poor quality (nutritive value, palatability) of vegetation
Pasture degradation (nature, evidence)

Fire
Bush enroachment

Soil erosion (on grazing land):

Soil compactionltrampling
Water shortage: season
Inadequate fencing
Inadequate shade
Low milk production
High calf mortality
Other problems

Woodland

gully
sheet
wind

Tree species present do not meet needs

Slow growth of required species

Fire
Tree damage by grazing animals
Pests and diseases
Other problems

2. Environmental degradation and degradation hazards

2.1 General

Environmental degradation commonly arises through pressure of land use
upon resources. The resource base is lowered, thus exacerbating the
pressure. Degradation results from the interaction of the land use
practices with natural processes.

The most widespread forms of environmental de~radation are:

soil degradation
soil erosion
vegetation degradation: grazing resources
vegetation degradation: woodland resources

Other forms occur more locally or in special circumstances, e.g. soil
salinization, lowering of the groundwater table, augumentation of pest

.or disease problem.

..
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2.2 Soil degradation

Soil degradation, commonly called lowering of fertility, is a deterioration
in the physical, chemical and biological properties of the soil, and
thus in its capacity to produce crops. It is a more widespread problem
than soil erosion, and probably on a world scale a more serious one.
It attracts less attention than erosion, for two reasons: first, it acts
slowly, and lacks the sometimes spectacular visible symptoms of erosion;
and secondly, it is less easily diagnosed.

In detail, soil degradation may include any or all of the adverse changes
given below. There is a considerable degree of interaction between
the forms listed, both within and between the three groups. The net
effect of soil degradation is manifest in lowered fertility, a reduced
capacity to produce crops.

Physical

Forms of Soil Degradation

decrease in porosity (increase in bulk density)
degradation of structure, limitations to rooting
lack of aeration
decrease in water storage capacity
surface sealing and crusting

Most forms of physical degradation are caused directly or indirectly
by decrease in pore space.

Chemical

Biological

leaching of bases

loss (leaching, oxidation) of nitrogen

acidification

increased fixation of phosphorus

lowering of cation and anion exchange capacity, and
thus if ability to retain nutrients

lowering of organic matter content, with consequences
for physical and chemical degradation, and resistence
to erosion.

Soil degradation may show itself 1n any of the following ways:

i. Lower crop yields if no fertilizers are added.

ii. A need for larger amounts of fertilizers of crop yields
are to be maintained.

iii. A lower response to added fertilizers (caused by nutrient
imbalance, micronutrient deficiencies, or the consequences
of physical degradation).
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It is difficult to obtain firm evidence of soil degradation. A farmerts
statement that crop yields are IInot what they used to be in former
days" could well be true, but falls short of being scientific evidence~

The evidence for soil degradation may be identified at three points:
soil analyses, crop deficiency symptoms. and crop yields. The basic
problem is to know whether the cause is soil degradation, or whether
it arises from inherent low fertility. possible lines of evidence, in
order of decreasing precision but increasing likelihood of availability,
are:

i. . Comparison of records in earlier years and now (crop yields', soil
analyses). Whilst ideal, it is very unlikely that such' data will
be available. Crop yields would need to refer tq closely similar
management, and soil samples to be from precisely identified .
locations, as described in earlier agronomic experimental records
or soil surveys. In the case of repeated soil analyses, careful
attention to use of the same analytical methods would be necessary.

ii. Comparison of land under known lengths of cultivation and under
natural vegetation (different lengths of cultivation: crop yields.
deficiency symptoms, soil analyses ; cultivation compared with
natural vegetation: soil analyses). For soil analyses, -this
technique has been successfully used on a research basis. The land
use history is obtained by questioning, composite soil sam.ples
taken, and analytical data compared. Deficiency symptons may be
visible, whilst for crop yields there are three possibilities: ~

crop cuttings, visible difference in plant health with increasing
length of cultivation, or farmers t reports of how rapidly yields
decline.

iii. The condition"of the crop or soil at the present day as compared
with some expected standard (yields, deficiency symptoms, soil
morphology and analyses). Crop yields may be so low, or deficiency
symptoms apparent, that this can reasonably be attributed to soil
degradation. Physical degradation may be apparent to skilled
inspection, possibly with sampling for bulk density determination.
In principle, analytical data could be compared with that considered
typical for the climate and soil type, but such standards are only
very approximate; a substantial decline in organic matter content
might be indicated by these means.

iv. Opinions of farmers, advisory or research staff (crop yields, soil
fertility). For a farmer to blame low yields on decline in soil
fertility clearly needs to be treated asa subjective opinion.

2.3 Soil erosion and erosion hazard

There is an interaction between soil erosion and other forms of soil
degradation. The onset of erosion commonly results from lowering of
the organic matter content, structure and porosity of the soil, as brought
about by biological and physical degradation. Conversely, loss of
relatively fertile topsoil through erosion lowers soil fertility. Soil
conservation is one of the specific areas in which agroforestry teChniques
may be of benefit. The relevant techniques differ according to whether
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the problem is one of gully erosion. sheet erOS10n. accelerated mass
movements. or wind erosion.

Of the evidence and methods of observation. that of direct measurement
will rarely if ever be practicable in the diagnostic situation. This
leaves two methods, visual assessment and calculation of risk.

1. Visual assessment

The effects of gully erosion are very apparent. Record its
severity, and whe~ber present on cropland or, as is often the
case, on grazing land, particularly valley floors or lower valley
sides. Sheet erosion is a far more widespread phenomenon but
less easy to observe. Rills, erosion pedestals around stones,
exposed roots, accumulations of sandy soil above obstacles and
on gentler ground at the foot of slopes are common signs (for
a detailed list see FAO, 1979. pp. 65-66). Accelerated landsliding
is a localized feature. found where steep slopes under a humid
climate have been 'deforested; the scars are readily seen. Wind
erosion is evidenced by accumulations of sand in the lee
obstacles. superficial concentrations of stones. exposed roots.
etc. Record the type of erosion observed, the severity of each
(subjectively), and the evidence.

ii. Calculati.on of risk

A range of models are available for calculating the erosion loss.
from sheet erosion, to be expected in a specified environment and
under given crop cover; management practices and conservation
measures. These models are:

The universal soil loss equation (USLE): complex and requiring
considerable data; not likely to be practi~able in the
diagnostic situation (Wischmeier and Smith. 1978).

The soil loss estimator for Southern Africa (SLEMSA):
intermediate in complexity (Elwell, 1980).

The FAD soil degradation assessment methods (FAOSDA): includes
short-cut methods based on readily obtainable data (FAD, 1979) •

. . The- inddels work on similar principles. Erosion, calculated as
soil loss in tonnes per hectare per year, is assumed to he a
multiplicative function of factors related to climate (rainfall
aggressivity), soil erodibility, slope (angle, sometimes also
slope length), the protective cover (vegetation or crops), and
conservation practices. TIlere are two steps. First, the soil
loss expected to result under the worst possible conditions,
namely continuous bare fallow. is calculated. This value is then
reduced by a land coverlland use factor related to vegetation cover,
crop over, and conservation practices. This allows estimates to be
made not only of erosion loss under present conditions but also of
the expected reductions in erosion which might result from specified
changes in land use and management.
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rne minimum data required, for calculation of the FAOSDA model, are:

mean monthly and annual rainfall

soil type (FAO classification, or converted to it)

soil texture (generalized 'classes as per FAD soil map cif the
world)

predominant slope angle range

fractions of land under crops and vegetation (and hare fallow,
if any)

approximate,average percentage cover, during rainy season, of
,crops and of vegetation.

For the more complex models, data are required on rainfall energy
(daily totals). soil type erodibility ratings, slope length, and
crop and vegetation cover at different periods of the year.
Th~ FAOSDA system also includes a similar technique for estimating
loss by wind erosion.

Generalized maps purporting to show erosion hazard on a world or
continental scale should be treated, with much reserve,. as there
can be large local variations. There is no general agreement at
what is an acceptable rate of soil loss. Formerly, target values
of either 5 or 12 t/ha/year were aimed at. It was then found that
such levels were irnpracticable to attain in most tropical
environments, and reduction to 50 t/ha/year is now often considered
acceptable, even although this considerably exceeds the natural
rate of soil formation. The erosion severity classes employed by
FAO (1979) are: none to slight, <,10 t/ha/year; moderate, 10-50
t/ha/year, SO-200t/ha/year; very high,~200 t/ha/year.

2.4. Vegetation degradation

Whether for pastures or woodlands, it is highly unlikely that quantitative
surveys from some earlier date will exist, such as to permit repeat
surveys and comparison. The clearest means of judging degradation is to
compare the pastures, or woodland, over the majority of a land unit with
some part 'of the unit which has been protected from grazing or cutting
pressures., A modification of this. approach is to compare land with
high and with lower population density. Failing such opportunities for
space/time substitution, the prese~tstate of the vegetation must be
judged against its assumed natural state.

For pasture degradation, symptoms include:

dominance of unpalatable species

short/sparse grass where tall/dense grass would be expected

heavily worn movement tracks of livestock

bare trampled areas around points of concentration, e.g. watering

absence/paucity of browse species where they would be expected
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bush encroachment: invasion of pastures by unpalatable shrub
and tree species, often thorny

indirectly, undernourished livestock, particularly cattle and
particularly in the late dry season

For woodland degradation, symptoms include:

lower tree density than would be expected; open canopy where
closed wau ld be expec ted .

absence or paucity of species favoured by users

absence of trees with straight trunks

absence or paucity of young trees (regeneration prevented by fire
or browsing)

excessive fire damage to trees

heavy coppicing, few mature trees and much bushy regrowth.
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APPENDIX B-7

ic
INTRODUCTION TO CAUSAL DIAGRA}~ING

Causal diagramming is. an analytical tool used to facili tate understanding
of complex causal relationships among variables within a system. In
rapid appraisal D&D exercises one of the most valuable pragmatic uses
of causal diagramming is to avoid or resol'Ie differences between team
members in the interpretation of the causal backgound of a problem. By
displaying interrelationships between multiple contributingc~uses,

the technique is helpful in avoiding fruitless discussions about what
is"the"cause of a problem, which otherwise might arise between team
members with different disciplinary perspectives on the problem.

As a "discovery procedure" for uncovering cause-effect relationships,
the usefulness of causal diagramming is in its ability to increase
the aZaPity of the team's causal understanding. For this reason, very
complex diagrams attempting to describe all causal relationships in the
background to a problem should generally be avoided, since
"monster" diagrams will tend to be more confusing than clarifying.

The simplest use of causal diagramming is to depict the generative
causal relationships responsible for a singZe problenl. A set of such
diagrams, one for each of the identified proble~ within the system,
would be the result of this approach •. However, since individual causal
factors may contribute to the generation of more than one problem,
interrelationships between seperate diagrams should be shown whenever
this,will add to the clarity of the teams perception of significant
causal relationships. This could be done as a second stage exercise,
to bring about the necessary integration of partial diagrams developed
in the first stage of the exercise. Perhaps the best strategy is to
start with a diagram of the most significant or central problem within
the system, and then judiciously expand the diagram as need~d to elucidate
significant conneatiorzs with other problem complexes. In deciding how
to proceed at any stage in the use of causal diagrams, the criterion is
always whether or not the contemplated use will add to the clarity of
the teams causal understanding of a problem.

Specific Guidelines

Causal diagramming is an art. Like most arts, it improves with practice.
There is no single "correct"causal diagram for a given situation, there
are only more or less useful ones. Different analysts may come up with
slightly different diagrams for the same problem, although if they are
working from the same diagnostic data they should generally come up with
functionally equivalent causal analyses. The differences ,,,i.ll be mainly
in the terms used to characterize the various factors involved. Although
there are no hard and fast rules for the development of causal diagrams,
there are certain conventions which, if observed, will greatly increase
the usefulness of the tool.

* Contributed by J.B. Raintree
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As applied in the D&D context, casual diagramming will be mainly used
to analyze the causal background to household supply problems.
Optionally, the tool could also be used to assist the team in its
understanding of sustainability problems and problems at the ecosystem
level, although the use of causal diagrams to analyze problems at the
household (or other unit) management level may already depict the
important causal aspectes of these other problems. The following
conventions are expressed in terms of the anslysis of household supply
problems. Reference is made to: the accompanying examples in
Figure 1 to Figure 4.

1. First idenLify the problems to be explained. These are given
in the listing of household supply problems in Worksheet 5.1.1

2. Then identify the causal factors involved in the generation of
each problem. These are given in Worksheet 5.1.2

3~ Next, decide on a word or descriptive phrase to describe the
problem, and enter this on the Zeft-hand side of the paper and draw
an oval -around it. The convention is to move from effects on the
left to causes on the right. Obs~rvation of this convention
greatly increases the clarity of the diagram and the ease of its
interpretation. since the problem to be explained is the ultimate
effect, it is entered at the extreme left side of the paper.

4. Then, decide on words or descriprive phrases for the various
causal factors related to the problem and start entering then within
ovals to the right of the problem. Do not worry too much about the
positioning of the various causal factors at this point. Start
with the most significant factors. Leave trivial factors out.

5. Next, examine the various factors and draw arrows between the
respective ovals showing cause-effects relationships between
different causal factors and between causal factors-and problem.s.
Not all causes are equal; some are more distantly related to the
problem than othe'C's. In analyzing complex sya terns -:0£ causation w,e
are always dealing with cause-effect chains. A "cause" at one
position in the chain is an "effect"at the next. The arrows are
used to depict the movement from cause to effect. ~nen all of the
arrows are drawn in the pattern revealed will contain causal chains
and, perhaps, also causal loops.

6. -At this stage what will have been produced is a rough and rather
messy first approximation of the final causal diagram. The next
step is to clean it up and make any necessary additions aud
modifications to improve its contistency and clarity. This is
done by renaming the causal factors so that the terminology within
each oval is consistent with the relationships shown by the arrows
coming in and out. Also, the position of the ovals is rearranged so
as to display an orderly cause-effect progression from right to left.
In other words, the arrows should mainly point in a general leftward
direction. Exceptions must be made, of course, in the case of
causal loops depicting feedback relationships.

..
·0
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7. At any point from step 4 onwards, it may become apparent that there
is a missing term in the cause-effect sequence. This may
indicate a causal factor that has been overlooked by the team~

or it may merely signify the need to reconceptualize the
terminology used to describe the causal factors enclosed within
certain ovals. In either case, it may be necessary to add an
additional "intermediate" factor between two or more ovals.

Forexample, in Figure 1, "low available moisture" was not in the
initial diagram for this problem complex. It was added in the second
round of the diagramming process to receive and summarize the effects
of several contributing factors (insufficient rainfall, poorly
distributed rainfall~ low infiltration and high runoff losses, and weed
competition). "Poor soil fertility" was included in the first
diagramming attempt, along with the cOlltributing causes (low organic·
matter and low nutrient levels), but "low available nutrients" was added

. in the second round to integrate the effects of these factors together
with nutrient competion. from weeds. The double effect of weed
competion on both water and nutrients available for crops was not
clearly displayed in the first, rather messy diagramming attempt, but
became clear after reconceptualization and rearrangement of the
diagram.

After this diagr1mmatic optimization process, the final diagram (Fig. 1)
displays a clear progression from the main problem to be explained
(poor and unrealiable crops) to the main summary causes (low available
moisture, low available nutrients and insect damage) to the various
contributing causes. 0G reading from right to left, from contributing
causes to proximate causes to the problem. Thus, the diagnostic
knowledge of causal factors involved in the generation of the problem
has been organized inco a coherent picture of the problem (i.e. how it
arises within the system).

Figure 1 is a partial causal model dealing with only one of the diagnosed
problems in a system in the semi-arid zone of Kenya. It depicts causal
chains but no causal loops. Figure 2 shows a generalized causal model
of an entire national land use problem complex derived from secondary
information on Rwanda (ISNAR, 1982). The four main problew~ to be
explained are shown on the left-hand side of the diagram. The causal
analysis displayed to the right of the problems reveals both causal chains and
loops, depicting the combination of social and biophysical causes and
effects underlying the general degradation syndrome affecting land use
sys tems in the country. To give an idea of Hhat a causal diagram adds
to an understanding of causal relationships, it may be useful to cite
a prose description of the Rwandan problematique:

Rwandan agriculture is now caught in a process of
continuous degradation: overpopulation goes hand in
hand with overcropping of fertile lands, the use of
more fragile areas around arable lands, shrinking of
pastureland, overgrazing, uncontrolled deforestation,
etc. Labour productivity is decreasing. Ill-nourished
crops grown on improverished soils, moreover, become
disease-susceptible. In sum, the country is suffering
from deterioration of its plant canopy which includes
decreasing biological and genetic diversity, decreasing
soil fertility, and soil losses due to erosion (ISNAR, 1982).
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This statement, together with addtional descriptive information on
the Rwandan problematique, has been transformed into a clear diagrammatic
representation (Fig. 2) of hOW the problem is generated.

Using Causal Diagrams to Discover Potential Intervention Points
Within the System

At Step 14.2 the D&D team is asked to identify points within the
diagnosed system where functional interventions may play a role in
removing or reducing constraints on system performance. Figure 1 and
Figure 3 illustrate' the use of causal diagrams for this purpose. The
team simply studies the causal diagram of the problem and for each
causal factor or constraint asks itself the question: "Is there anything
than can be done at this point in the system to remove or reduce the'
constraint or otherwise improve system performance?" Ideas for
functional interventions will generally be forthcoming if this
procedure is followed. The team may then go on to assess how effective
the various suggested interventions might be in reducing constraints,
alleviating problem-causing syndromes, and ultimately solving the
identified problems.

Combining Causal Diagramming with Functional Diagramming

Functional diagramming techniques and uses are discussed at some
length in Appendix B-3. Such diagrams may be used independently or as
an adjunct to causal diagra~uing. An example of the latter usage
came up in the course of a D&D exercise in the Philippines. In the
midst of the diagnostic analysis it became clear that the main problem
was a cash flow problem, and that to adequately conceptualize this
problem it would be necessary to diagram the in-flow and out-flow of
cash within the household system, in addition to the diagramming of
causal factors affecting cash flow. Hence, Figure 4, which depicts
causal influences by arrows with broken lines and the flow of cash and
relevant inputs and outputs by arrows with solid lines.
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APPENDIX B-8

*INTRODUCTION TO FUNCTIONAL DIAGRAMMING

Functional diagramming is a useful analytical tool for understanding how
a system works. It consists essentially of a diagramatic representation
of the structure of the system and the flow of matter, energy and
information between the various components of the system. Such diagrams
can be used in many ways. For D&D purposes, functional diagrams can
be used to describe the organization and dynamic functioning of a land
use system and also to trace through the probable effects of proposed
interventions in the system. They may be used independently, or as
an adjunct to causal diagra~ng for these purposes.

This appendix consists of two parts:

Part 1. Functional Diagram of a Small Farm

This is an example of the use of functional diagramming based on the
kind of information given in Worksheet 6.3. The diagram on the next page
represents the transformation of such data into a diagrammatic
representation of system structure and function.

Part 2. Functional Diagramming for Ecological Analxsis of Farms and
Ecosystems

This part discusses the application of a specialized type of functional
diagrammQng based on the use of ecological symbols and modeling
conventions. Following an introduction to the use of the techniques,
examples are given of functional models of farming systems at different
levels of technology.

* .Contnbuted by D.A. Hoekstra (part 1) and D. Rocheleau (part 2)
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PART 2

Functional Diagramming for Ecological Analysis of Farms and Ecosystems

Dynamic non-linear system models for cropping system, farm, or ecosystem
level analysis.

The diagramming of dynamic non-linear system models ~as developed within
operations research for fine-tuning of industrial processes. A major
feature of this type of model is the inclusion of feedback effects, as loops,
that illustrate both positive and"negative bommerang effects of changes
made in"a given variable within the system.

The diagramming method has been modified and adapted for use in urban
systems planning (Forrester, 1971) and ecosystems analysis (Patten, 1971;
Odum, 1971, 1982), including agroecosystems (Hart, 1980) and land use systems
(Antonini, Ewel and Tupper, 1975;Odum et aL 1976). For detailed instructions
and further examples these works should be consulted. For purposes of under
standing existing system functions and component interactions in a qualitative
manner, the following examples, (with legends and comments) should suffice.
Some simple guidelines are provided for comparative use of conceptual models
in diagram form. This should allow comparison between existing systems
(structure, function, sustainability) and between current conditions and
potential alternatives for any given system. In this section only the
concepts and diagrams are treated since th~y are most relevant to the D & D
exercise.

The specific diagramming method presented is that developed by H.T. Odum
(1971) for use in energy analyses of ecosystems. The diagrams can be used
to represent sources, flows, storages (and interactions between them) in terms
of energy and/or materials (including money and information if appropriate).
Models may depict farming systems, other land use systems or ecosystems.
The checklist for farming system components and processes is found in
Step 3.3. and the ecosystem checklist is in Appendix A-5.

The examplegsho~~ represent a series of land use systems in order of
increasing intensity of labor and/or capital investment per unit land and
per'person supported by the system. More detailed accounts of energy flows
and material cycles in such a hierarchy of land use intensity are provided
by Leach (1976) and Makhijani and Poole (1975).

The elements included in these models are based on judge~~nts as to which
elements of the complex real system are most appropriate for consideration.
This will vary depending upon the emphasis of the project (production vs.
sustainability, farm vs. ecosystem). In this series nutrient cyc+ing,
labor utilization (human and animal labor) and degree of commercialization
were emphasized as the main points of comparison. The series, as such, is
presented to illustrate different types and compleXities of land use and
to develop the models in step-wise fashion to arrive at the semi
commercialized systems normally considered in D&D applications.
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The first model, (Fi~. l)that of hunting and gathering in a forest,
has been fully labelled (Fig. 2) for more accurate illustration and
explanation of the method. The symbol legend (Table" 1) describes the
component symbols used in the diagram, and their function.

The specific sources, storages and flows in the model are identified
in the legend below the diagram. Tl~ diagram generally depicts energy
flows, although many" storages and flows could also be expressed as biomass
or other materials.

The three external sources are sunlight (8) Rainfall (R) and Nutrients
(N). The" natural rate of nutrient input (K3) to the available solI nutrients
(Nl) in t~ farming system is low, but consistent. The direct input from
S,R, and Nl (Kl, K2," K4) combine with \>Urk done (K5) by the existing plant
biomass (V) to produce (K6) more plant biomass, in this case forest plant
life. The increment in the total forest biomass (or total energy storage)
is determined by subtracting from (K6) detrital losses recycled to soil
(KB). respiration and detrital losses from site (K7), plants harvested by
forest animals (K9), and plants harvested by the hunters and gatherers
(K13) •

The harvested plants from the forest K9, combined with the metabolic,
foraging and reproductive work (KIO) done by the animals, provides the net
energy input (KII) to the animal population. Outputs include mortality,
respiration and waste products (KIZ) and harvesting of animals by ~umans

(KI4). .

The human population of hunters and gatherers is maintained by food and
fuel gathered (KI3) and hunted (K14) and through the energy invested by the
people themselves in metabolic, foraging, food processing and reproductive
work (KI5). The net energy input from these combined flows (KI6) is partly
balanced by combined losses (KI7) from mortality and normal maintenance
expenditures. To show the increased mortality and the extra work
associated with increasing population in the same area. with the same
technology, there is a multiplier on (KI7).This indicates that losses will
increase exponentially with population increase if the area and technology
remains the same." "

The model of pastoral nomadism shows similar components with different
functions. Here the vegetation (mostly grasses and dry-forest trees) is
harvested primarily by the animal population (A) and to some extent(firewood)
by the human population (H). Human labor is intensified through work in
he~ding (see Fig. 3).

In shifting agriculture (Fig.4) the major differences are in the diversity of
vegetation/land use units (VF and VA); in the lack of a strong feed back
from vegetation (VA) to the nutrient pool (NAI); and in the labor invested
by the population '(H) in cultivation. "The main source of food is planted
vegetation (VA) while fuel, supplemental plant food, and animals (A) are
harvested from the forest (VF). The subsequent systems show increasing
investments of labor by humans and animals to maintain sedentary agriculture
Figs.5-10). The system-wide impacts of using cattle dung and fuelwood
trees as energy sources can be compared in Figs. 6 and 7. Trade and
cash flows arc"introduced in Fig. 8 and Figs 9 and 10 show
intensification of trade and use of capital intensive inputs.
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Symbols Used in Energetic Models 1 of Ecosystems.

Indicates a constant source (inexhaustible
within period of analysis) external to the
system;for example. solar energy, rainfall or
long-term reliable material and cash subsides
a given system.

Symbolizes storage, for example: human, animal
and plant biomass~ water stored in aquifers,
soil, lakes, tanks etc.

Indicates interaction between two (or more)
flows, for example fuelwood and raw food ->
meals. Indicates a heat sink, for example
heat loss incurred in combustion processes,
respiratio~ condensation.

Production module.
Symbolizes self-sustaining primary
production such as photosynthesis (or an
analogous process).

Consumer module. Indicates secondary production
processes that depend on primary producers
and/or other consumer/producers. For example
cattle and other herbivores depend on photo
synthesizing plants,and man (and other
carnivore/omnivores) depends on plants (primary
producers) and animal!> (other consumers
involved in secondary production).

- '.

Black box, indicating a sub-system or process
the internal workings of which are not of interest
in the problem at hand. For example, a coffee
processing plant in a farming system model.

Energy language symbols may be used to show flow~ storages and inter
actions of energy and/or material~dependingon the application.
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Sensor on tank. Indicates qualitative
effect of storage on a flow or on an
interaction between flows.

Represents a regulator or switch. Flows
can be started or stopped based on the
conditions set for the switch's operation~

For example lJJhen soil moisture storage,
capacity is saturated then runoff begins,
so the runoff flow is regulated by a
switch that responds to soil moisture/soil
moisture storage capacity.

Exchange of money for goods, flows in
opposite directions, with unit price of
goods in circle.

"

.- -
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Parts of land use systems, and whole ecosystems can also be described
within these same diagrams. Figs. 11 and 12 demonstrate the use
of an energy language diagram to depict soil erosion, runoff, stream
discharge'"'and sedimentation under alternative land use system~for
a watershed with degraded soil. Runoff and erosion rates are determined
by interactions of rainfall, soil (volume, type, moisture) and land
use. Land use acts as a multiplier and as such changes in land use have
a major impact on these rates.

The composite erosion and runoff rates (per ha) for these land use
combinations are determined by multiplying known or estimated erosion
and runoff rates for each land use type .times the % land area covered
by each. These are summed to give the composite rates.

The change in land'JuSe depicted in figure 12 would have a significant
impact on erosion and runoff and subsequently on stream discharge and
sedimentation •. "Theenergy input (labor) from the population is
intensified and redirected so that forest land is maintained, and bush
land and cropland are partly.converted to agroforestry use. The
change is intended to decrease erosion and increase production. The
model could be used as a conceptual framework for subsequent estimates
and calculations or it could serve as a basis for simulation.

Fig. 13 shows an ecosystem-level model of a rural farming district
combining four land uses ( in partial rotation) and including two sub
groups in the resident population, one group mainly cash crop farmers
and the other group subsistence farmers who make charcoal and sell [t
for use outside the area. Both groups share public grazing, wood
collecting and water sources. There is a rotation initiated by forest!
woodland (LW) clearing (by group X) for food crop land (LF). This land
later serves as grazing (LG), part of which returns to forest/woodland
through natural succession. There is also a parallel forest clearing
(by group Y) for permanent establishment of cash crops.

The sustainability of the ecosystem with current trends can be examined
using the diagram and some rough estimates of sources, storages and flows
as guides. Sources or sensitive points for problem-solving interventions
can also be identified. For more precise estimates or prediction,
existing systems with and without new technologies, and alternative land
use systems can be diagrammed,then simulated. This last option (simulation)
requires some quantitative data or reasonable estimates and the use of
a micro-computer (or calculator) to do simultaneous solution of differential
equations (see Appendix C-16). It is appropriate for technology or
systems feasibility and impact analyses but is not included in the
diagnostic phase. The same diagrams developed for diagnostic purposes
can, however, be used later in these more elaborate analyses (option) •
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Figure 1

Hunters and Gatherers in the Forest

N = natural input of nutrients

n = nutrient storage in soil

V = vegetation biomass (or energy equivalent)

A = animal bioma.ss ( or energy equivalent)

H = human population (or energy equivalent)



Figure. 2.

Hunters and Gatherers in the Forest (Labelled Flows and storages

N
~
o
I



--

Figure 3. Pastoral Nomadism



human labor for cultivation

Figure 4. Shifting Agriculture

Va = planted vegetation (biomass or energy)

Vf • forest vegetation :(biomass or energy)

na = nutrients in cultivated soil
~

nf = nutrients in forest soil



herding

human labor -----,-.......------

Figure 5.

Sedentary Rainfed Agricuiture with Domestic
Animals and Supplemeritar;Food Collection in Forest



Figure 6

Labor-'- -intensive Agriculture with Use of
Cattle Dung for Fuel.. ' "
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1



Human labor to build/maintain irrigation works

Figure 7.

Labor - intensive, Irrigated Paddy Rice with Fodder
Trees/Woodlot.

W= Stored water

Vf= Woodlot/fodder trees



labor for cultivation

food, fuel

Figure 8.

Mixed Subsistence - Commercial Farm (with sale of
animals~ labor, purchase of foodl



human labor
cultivation

Figure 9.

Mixed Subsistence - Commercial Farm with
Three Land Use types.

off-fann
labor

P = pasture

C = cropland

F ~ forest/woodlot

np = aoil nutrients in pasture

nc = soil nutrients in cropland

n'f = soil nutrients in forest/woodlot



Sale of Cash crops
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Purchased inputs "..,,,,,,

Labor

Figure·lO.

Commercial Family Farm (with Irrigation. Tractor, Fertilizer
and Subsidised Electricity).



forest clearing

Soil Erosion

Figure 11.

Small Watershed Model of Land use, Erosion, Runoff and
Sedimentation.

suspended sediment export

stream discharge

R = rainfall, mean annual

S = Soil (wt & Volume)

M = Soil moisture (volume. assumed maximum
~507. soil volume)

L = Land (land use distribution, indicated by
type).

LW = %woodland area

LF = % Food and annual crop area

LP = % Pasture

LB = %Bushland (second growth)

D = Deposits of sediment in stream channel



>

•

LA =agroforestry system

All others - same as Figure 11.

Figure 12.

Small watersnedwith Land use Change (conversion of bushland
and some cropland to agroforestry systems. forest clearing stopped).

,
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Figure 13.

Ecosystem Model of Ilural Farming District
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APPENDIX B-9

The qualities of the land units which determine productive potential can
be reviewed in two ways: positively as resources, or negatively as
limitations. Thus deep soil is a resource, shallow soil a limitation.
Resources and limitations are always specific to particular kinds of
land use. For example, a growing period of 120 days is a resource for
maize, but a severe limitation for most perennial crops.

Ways of making the initial identification include:

Present land use. ~Jhat crops are currently being grown?
What are the other forms of production from the land?

Agroclimatic and soil suitability. possible crops and forms of
production may be identified by comparison with areas possessing
similar environmental conditions, and by reference to tables of
crop requirements. (see Appendices C-9 and C-12).

Experience of local agronomists and research stations, data from
fieldtrinls.

Market demand. For what products is there an unsatisfied demand,
at favourable prices?

Suggestions by government. Policy may dictate certain objectives,
e.g. increased food production, export production.

The second of these methods, agroclimatic and soil suitability, requires
that environmental data should be collected in a form similar to, or
such as to permit conversion to, data on land use requirements. It is
recommended that data should be collected in terms of land qualities,
each of which can be 1Iieasuredor estimated in a variety of ways by means
of land characteristics. A land quality is a complex attribute of land
which affects its suitability'for use in a distinctive manner; examples
are moisture availability, soil rooting conditions, erosion hazard. A
land characteristic is an attribute of land that can be measured or
estimated; examples are mean ~nnua1rainfall, effective soil depth, slope
angle. (For further explanation of land qualities and characteristics,
see FAO (1976), FAO (1983), Dent.and Young (1981). Requirements for
rainfed crop production may be summarized by saying that, for satisfactory
growth, crops need suitable temperatures, moisture, oxygen, nutrients,
opportunity to develop an adequate root system, and absence of hazards
which would hinder growth or damage the crop. There are in full 25 land
qualities which can affect suitability for the growth and management of
crops, but some of these are of limited appliability, because they affect
few crops, are relevant in only few environments, or both. With some
combining, the most widely relevant land qualities for rainfed crop
production are:

temperature regime
moisture regime
oxygen availability (soil drainage)
nutrient availability
rooting conditions
hazards: climatic, flooding, toxicities, pests and diseases.

* .Contr~buted by A. Young

PREVIOUS PAGE BLAN~
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Livestock need feed and drinking water at all seasons of the year, and
absence of stresses, .. pests and diseases. Again with some cOmbining
the principal land qualities affecting suitability for livestock
production are: .

feed availability (pasture and browse, total and seasonal)

availability of drinking water (distance, quality, seasonality)

hazards: climatic stress, vegetation toxicities, pests and diseases.

For forest production there is a clear distinction between utilization
of natural forests and forest plantations. For natural forests, the
main land quality is clearly the ,extent, species composition, growth rate
and user properties of the trees present. For plantations similar qualities to
those for crop production apply. In addition, for both kinds. of forest land
use, a further land quality of 'importance is terrain factors affecting
management (establishment, maintenance, extraction or felling).

The following is a Check-list of the more important land qualities,
together with land characteristics which can be employed for their
assessment. During the diagnostic phase it will by no means be possible
to collect information on all characteristics listed; however, it is
often possible for a particular area to assess which are not significant
and which are of particular importance.

Land quality

A. For rainfed crop production

1. Temperature regime

2. Moisture availability

3. Oxygen availability

4. Nutrient availability

5. Rooting conditions

6. Soil availability

7. Flood hazard

8. Climatic hazards

9. Excess of salts

Land Characteristics

mean and extreme monthly temperatures

monthly rainfall (means,'variabi1ity)
monthly evaporation (potential eva
potranspiration
soil availability water capacity
soil texture (as 'an indicator of AWC)

soIl drainage class
period of waterlogging

soil analytical data (N,P,K,CEC, etc.)
soil reaction
crop deficiency symptoms

soil effective depth
soil structure/consistence

topsoil texture

frequency ~f flooding

duration/frequency of frost
frequency/severity of storm damage

soil analytical data (ECe, ESP, etc.)
visible salt precipitates

John M
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(Cont'd)

-.

Land quality

10. Soil toxicities: aluminium

other

11. Pests and diseases:

affecting crop
affecting stored produce

12. Soil erosion hazard

13. Soil de&radation hazard

B. For Livestock Production

1. Feed availability: pastures t

total

pastures, seasonal

2. Water availability

3. Climatic stresses affecting
livestock

4. Pests and diseases affecting
livestock

C. For Forest Production

1. Timber resources

2. Terrain factors affecting
management

3. Pests and diseases affecting
trees

4. Climatic hazards affecting
trees

Land Characteristics

reaction

known incidence
II II

calculated erosion loss
slope angles
soil texture
observed symptoms

comparison of cultivation intensity
with rest period requirement

data on composition, biomass, growth
rate, palatability and nutritive
value of pastures; especially biomass,
DCP;

as above, for least favourable season

distance to water, least favourable
season
depth to groundwater
salinity

monthly temperatures, humidities

known incidence, endemic diseases

species composition, volume, growth
rate of existing forests

slope angles
swamps, stream density·

incidence

fire, widthrow, frost

In addition, climatic and soil factors affecting crop prOduction may
similarly affect growth of trees.
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IMPROVING vs. TRANSFORHING APPROACHES TO .TIIE DEVELOPMENT OF
LAND USE SYSTEMS fc

The following example is given to illustrate the difference between an
"improving" and a "transforming" approach to the development of a land
use system, in this case a system of shifting cultivation in the north
eastern hill region of India.

A shi~ting system is the traditional way of cultivating the land in
this region, characterized ·by cut and burn practices followed by dibbling
of various crops in an intimate mixture. Usually shifting to a new
site takes place after two years of cultivation, returning to the same
site in 3 to 6 years to start the process again. This has led to marked
soil erosion and decrease in productivity due to a loss of soil fertility.
The existing system can be improved by introducing a fast-growing tree
species, which will control some of the problems derived from shifting
but will essentially not alter the cultivating method being used. On
the other hand, it could be transformed, by introducing a new soil
management practice - terracing - and a new spatial distribution of
crops. The proposed system - based on terracing the lower 1/3 area and
utilizing it for growing field crops, while the next-up 1/3 is
dedicated to horti-pastoral crops and the top portion is left with
natural forests including fodder and fuel trees - was evolved as a
consequence of studies on the soil and crop components. If applied, the
transformed agroforestry system would increase the net income four-fold,
but the improved system might be more readily adopted.

EXISTING
SYSTEM

(SHIFTING)

IflpRl)Vf;D
.SYST&K

(SHIFTINGI

TRANSFO~

SYSTEM

'It • • • fExcerpted from F. Torres •. 1980. Research obJect1ves 1n agro orestry:
a conceptual approach. In: T. Chandler and D. Spurgeon (eds). International
Cooperation in Agroforestry. ICRAF. Nairobi.
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APPENDIX C-2

'Ie
MULTIFUNCTIONAL AGROFORESTRY DESIGNS

A good agroforestry design should aim at maximizing the impaat of the
technological innovation on the landscape of rural poverty. In general,
a good design will score high on three attributes: ppoduativity,
sUBtai~iUty and adoptabiUty. The first two criteria are virtually
axiomatic in agroforestry,which almost by definition aims to serve
both production and conservation needs. Most farmers, On the other
hand, are primarily interested in production and show less interest,
if any' at all, in' technical innovations aimed at conservation objectives.
The concept of "sustainability" is a way of operationalizing the
conservation objective in terms of the production objective.

The third attribute, adoptability, is equally important to an impact
maximizing design strategy., AS nutritioniSts note, the nutritional
value of any.food that is riot eaten is zero, regardless of its chemical
composition. No matter how productive and sustainable it may be, an
agroforestry technology wilt have little impact on the landscape unless
it is adopted by a significant percentage of the intended users. Hence,
the emphasis on producing genuinely adoptable designs.

One of the main ideas behind the diagnostic or "problem-solving"
approach to agroforestry design is the assumption, bourne out by
experience, that farmers are more likely to adopt technical innovations
which solve pel'ceived pl'oblems than those which do not. Much of the
D&D methodology is aimed at discovering what land management problems
are perceived by the farmer as having a high priority for solution.
The payoff comes in the increased adoptability of designs which offer
solutions ~,o. perceived problems.

But what about unpsrooitJed probZems? The D&D team will, in all
probability, discover problems which it· considers crucial to the
productivity or sustainability of the system but which, nevertheless,
ramain unperceived or are accorded a low priority in the farmer's
thinking. Rather than just "leaving the ignorant farmer to his fate",
agroforestry designers would be well advised to regard the farmer' 5

insensivity as an added design ppobLem and try to solve it along with
the other problems of a more technical nature.

One promising design tactic, which resourceful designers will employ,
is to try to find some way of combining solutions to unperceived or
low-priority problems with those for well-perceived, high-priority
problems. In other words, in the case of low-priority conservation
problems, to introduce the unwanted conservation function as a by-pt'Oduat
of the farmer's decision to adopt a new technology for its product10n
benefits. ~y making use of multipurpose trees and the wide range of
spatial and management options, we may take advantage of the enormous

* .Adapted from J.B. Ra1ntree (1983), Strategies for enhancing the
adoptability of agroforest~y innovations, Agroforestry Systems 1(3):
173-187.

John M
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scope in agroforestry for multifunctional designs. The trick is to find
out what the "selling points" for agroforestry are, given the farmer's
way of thinking, and to package the appropriate technological functions
together with other potential functions addressing unperceived problems
or potentials of the system.

For example, in its D&D work in Kenya, where erosion is often a severe
problem, the ICRAF team has encountered farmers with little or no present
interest in erosion conto1 who appear, nevertheless, very interested in
farm plantings of fast-growing fue1wood trees to satisfy household energy
needs. By planting hedgerows of 'coppicing fue1wood tree together with
grass in contour strips on sloping cropland at intervals selected for
effective erosion control, it is possible to solve both problems with
a single, adoptable design. This design tactic, which might be called the
"Piggy Back Principle," strives for mu1 tifunctiona1 designs which seek to
introduce undesired functions "on the back" of desired functions.

The ta~tic can also be used to address future production problems which
the farmer may" have difficulty in anticipating. For example, although
somewhat rarer than the previously cited case, ICRAF's D&D team has
also encountered Kenyan' farmers with a definite and present interest
in erosion control but no present~y pemeived problem with fuelwood supply.
This situation is found in hilly areas where, although the natural woody
vegetation cover is diminishing at a rapid rate, deforestation has not yet
reached the point where fuelwood is in short supply. By planting a
hedgerow design (similar to the previous example) for erosion contre1
purposes in cropland, the farmer will have what amounts to a future
fue1wood production system already in place on his farm when eventually ,
the fue1wood shortage does arrive. This is a pr'eadaptive application of "
the principle of multifunctional designs. Given the need and the potential
for agroforestry systems which address future as well as present problems,
preadaptive designs should be encouraged whenever they can be linked to
presently adoptable technoloBies.
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*THE CONCEPT OF AN OPTI~~L PATHWAY OF INTENSIFICATION

In this age of rapid population growth land use systems are highly
dynamic. Tree-based land management Systems, by contrast, may take
a long time to establish and, once established, may commit the land
to a specific form of use which is not lightly changed. Therefore, it
is incumbent upon designers of agroforestry systems to give thought
to the future and, whenever possible, to strive for designs which
incorporate flexibility and scope for gradual intensification to
meet the needs of future generations living on the land at substantially
higher levels of population density.

That is the positive statement of the design problem. The negative
statement is that, unless this aspect of the time dimension in
agroforestry design is taken into account before embarking on a research
effort to develop the envisaged technology, the technology may
be obsolete by the time it is ready for dissemination.

In most cases it is not a simple problem of anticipating and designing
for some fut~re state of. the system. This is because technologies
appropriate to later states of the system. characterized by higher land
use and labour intensities, may not be adoptable in the present state
of the system, characterized by lower land use and labour intensities.
The pivotal factor, in most cases, will be the farmer's perception of
acceptable labour intensity at any given point in time.

It is no-ill widely acknowledged that traditional farmers are rational
producers who economize on the use of resources. Labour economics play
an important role in the decision to adopt or reject technical
innovations. Historically, agricultural systems have shown a tendency
to evolve from extensive to intensive systems of land use. Insofar as
extensive systems tend to have lower labour requirements per.unit of
production than intensive systems, the historical preference for
extensive systems can be seen as a rational choice based on the
economic use of labour resources. That being the case, what drives
this reluctant evolution toward more labour and land use intensive systems?

According to the theory of Boserup (1965), the main driving variable is
popuZation ppessure. Subsistence-oriented farmers, it is argued, economize
on the use of labour resources and will tend to resist adoption of more
labour intensive technologies as long as less labour intensive means
(traditional extensive technologies) remain capable of satisfying their
basic needs (including whatever cash or development aspirations they
may have). There is an ecological dynamic, however, i.e. environmental
degradation resulting from increasing population pressure under
traditional technology, which determines that eventually a point will
be reached when returns to labour will actually be lower under the
traditional extensive technology than under newer, more intensive
land management alternatives. When that point is reached it becomes

*Adapted from J.B. Raintree (1983), Landuse and labour intensity:
factors affecting the adoptability of conservation farming practices
under conditions of population pressure. Proc. of the Workshop on
Conservation Farming, January 17-21, Colombo, Sri Lanka; and Raintree
(1983), Strategies for enhancing the adoptability of agroforestry
innova tions, Agrofores try Sys terns, 3.
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rational for the traditional farmer to adopt the more intensive technology.

What prevents the agroforestry designer from going immediately to
high density, intensive designs is the fact that, in the present state
of the system, the labour economics of the more intensive technology
may compare unfavourably with the traditional, less intensive techno
logy which, as long as it remains ecologically viable, will generally
give higher returns to labour. As land becomes scarce and population
pressure increases, however, this situation will change·.· The challenge
to agroforestry designers is to take the dynamism of the land use .
system into account in their designs without contravening the principle
of appropPiate labour intensity at any point in time. It may be futile
to try to introduce an excessively labour intensive technology before its·
time but, 'on the other hand, a technology designed for the present level
of acceptable labour intensity may become rapidly obsolete in a highly
dynamic system under population pressure.

What is called for is a phased approach to intensification based on a
succession of technologies which keeps pace with population growth.
This will only~be possible if each stage in the succession of technologies
meets two requirements:

1. It must be compatible in its labour demands with the prevailing
level of acceptable labour intensity per unit of production at
each stage in the development of the system. (This means that
the labour requirements of the alternative technology should not
grossly exceed that of the traditional technology at the time of
its intrOduction).

2. It must leave sufficient flexibility and scope, in terw~ of
committed land use, for the next stage in the succession. In
other words, each stage in the progression of technologies
should prepare the ground and leave scope for the succeding stage.

'Let us postulate, then, for design purposes, an "optimal pathway of
intensification" and see what such a. thing might look like for a specific
land use system.

An Example from Kenya

Kuria Division in \{estern Province, Kenya has a current average popl'lation
density of approximately 148 persons/kmZ• Present land use takes the
form of an unregulated ley farming system which is not very intensive, but
there is a need for fuelwood plantings to meet the requirements of a
cottage industry based on the gro~ing and flue-curing of tobacco. With
the prevailing rebtively lOH opportunity cost of land, there is no
reason at present why fuelwood lots of Eucalyptus on non-prime
agricultural land within the farms would not be a suitable means-to meet
fuelwood requirements.

•
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However. with an annual population growth rate of approximately 4%.
the population of Kuria Division will double in about 17 years. To
the next generation of farmers a conventional fuelwood lot, which·
competes directly with agriculture for increasingly scarce cropland.
might seem a somewhat undesirable form of land use as compared to
the alternatives of border plantings or internal hedgerows of tree
species and management systems selected for their compatability with
crops. One could envisage an appropriate system of hedgerow inter
cropping or "alley cropping" for joint production of fuelwood as a
by-product of an improved food crop production system, but this innovation
would perhaps be a bit early for adoption by farmers accustomed to
the relatively low labour intensities of the present farming system.

Figure 1 represents one possible design solution which applies the
concept of an optimal development pathway for this location.
Unfortunately. no data on the actual landuse and labour intensities
of the technologies in the proposed succession are available at
present to substantiate the hypothesis, but the example may serve to
illustrate the general design concept.

The x-axis in Fig. 1 repre~~nts some measure of landuse intensity
such as Ruthenberg's R-value (See Appendix A-IO). The y~axis represents
some index of labour intensity. The diagonal line depicts the
succession of hypothetically adoptable technologies as population
pressure increases.

Frotn a distance, the first stage in the sequence looks like a
conventional fuelwood lot, but on closer inspection one notices that
the trees involved are a mixture of fast-growing leguminous and other
coppicing species selected for their ability to produce not only
fuelwocd but also high quality mulch and green manure. (Other desirable
characteristics would be a deep rooting habit, non-allelopathic
interactions with crops, and possibly some insect-repellent properties).
As regards spacing. one notices that· the trees have been planted ··at
closer than normal in-row spacing and wider between row spacing to
allow for the eventuality of intercropping with food crops.

The succession of management practices goes something as follows:
In the initial stage the farmer may practice taungya intercropping
between the rows of trees in the period following the fuelwood harvest
when the hedgerows are re-establishing their canopy. As population
pressure advances the system to the next stage of intensification, with
an increased demand for food crops to support a denser population, the
wood producing cycle is gradually shortened until the farmer is
operating what is, in effect, an "alley cropping" or hedgerow mulch
farming system with the possibility of a fallow rotation moving around
through the subdivisions of the original "woodlot". ·The purpose of
the partial fallow rotation is to increase the production of fuelwood
from at least part of this more intensively managed system. Opviously.
however. the total fuelwood production will be decreased. but this
may be offset by parallel developments in the efficiency of the
flue-curing technology.
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Eventually, as population pressure forces the next generation of farmers
toward even more intensive systems of land use, the fallow rotation
is eliminated in favour of permanent "alley cropping". At last, to
obtain the final measure of potential productivity from this evolving
agroforestry system, the farmers may turn to the vertical dimension
and superimpose additional layers of middle and upper-storey food, feed
and fuel producing trees ort part of the land in a manner analogous to
the Javanese "home gardenIi.·

We can think of this progression as roughly equivalent to three or
four generations of farmers cultivating increasingly smaller sub
divisions of the land. The basic idea is to progressively increase
the intensity of land use through a succession of management practices
involving acceptable increments in labour intensity. Hopefully, this
would buy enough time to implement an effective system of family planning
in time to stabilize the population at or below the maximum sustainable ..
carrying capacity of the land with improved technology.

Although each ~nd every land use system must be approached on its own
terms, similar applications of the concept of an optimal intensification
pathway may assist agroforestry designers to deal effectively with the
time dimension in agroforestry design for systems in other parts of the
world.

?
Continuous Hultistorey

Intercropping

LABOUR
INTENSITY

. REFERENCES

,,/'
Continuous Hedgerow

Intercropping

/'
Hedgerov Intercropping

with Fallow

/
Coppice Woodlot with
Taungya Intercropping

LANDUSE INTENSlr{

Fig~re 1. Hypothetical pathway of intensification in an
agroforestry system·for Kuria Division in Western Kenya •

Boserup, E. (1965). The Conditions of Agricultural Growth: the economics
of agrarian change under population pressure. Aldine. Chicago.
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SCORESHEET FOR EVALUATION OF CANDIDATE TECHNOLOGIES
AND DESIGNS*

The scoresheet given here, for optional use in Step 7 and again as'
part of the Worksheet for Step 9 is intended as a heuristic aid to·
the evaluation of candidate technologies (of any type) and of overall
agroforestry designs. In the first application (Step 7) the
scoreheet is intended to be used by the team, if it so desires, to
compare and assess the potential benefits of a wide range o~ candidate
technologies (of both an agroforestry and non-agroforestry type), to
determine which of them should 1?e included in a design for an improved
land use system.

In the second (Step 9) the scoresh.,et is used to evaluate those·
technologies which have been included in the design. This will not be
simply a repeat of the previous use in that the technologies selected
for inclusion in the design will by this point have gone through a
process which has given them greater definition and specificity. The
use of the scoresheet at this later step is to assist the team to arrive
at a consensus on, and give some indication of, its expectations as
regards the potential impact o'f the, now we1l:"defined, technologies on
the land use system for which they have been designed. As such, it is
part of the overall ex ante evaluation which also attempts to assess the
feasibility and potential impact of the design as a whole.

Not too much emphasis should be given to the numbers arrived at in using
this scoresheet. The numbers wil'l be representative of the team's,
ranking of the component technologies in the design and will be generally
indicative of relative differences between them on the various dimensions
of the evaluation. But the main value of this semi-quantitative procedure
is in the thinking pro~ess which the team is forced to go through in order
to arrive at the numbers. To agree on a numerical value for a technology's
score on an attribute, the team must discuss and evaluate the technology
in some depth. In a se~e, once they have been used to arrive at this
uIlderstanding, the numbers may be thrown away. This applies particularly
to the earlier use of the scoresheet to narrow down the list of candidate
techno10g~es, although in the later use the numerical scores become part
of the documentation of the team's expectations (hypotheses) vis-a-vis
the impact of the technologies on the land use system.

In specifying the range of possible scores on the different dimensions of
technology evaluation, an effort has been made to allow for differential
weighting of the attributes. Thus, any technology which is judged to be
capable of solving a supply problem (by whatever specific means) should
get a higher rating than one which merely removes one of the constraints
contributing to that problem. Tne difference here is between endS and
means., Hence, the possibility for a higher score for attributes addressing
ends than for those addressing means. Obviously, a technology which
scores high on all the means would tend also to receive a high score on the
ends.

*Contributed by J.B. Raintree
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Specific Guidelines for Use of the Scoresheet

The follo~ing comments are concerned with the interpretation of the meaning
of the various design attributes.

1. Productivity

1.1 Potential to Solve Household Supply Problems

The distinction between primary and secondary objectives is basic
to, the rating process. A technology which satisfies primary
objectives of the unit manager should get a higher rating that
those which satisfy secondary objectives. The decision in which
category to classify a given objective is made on the basis of the
team's understanding of production objectives derived from the
Diagnostic Survey.

Market potential ref"ers to cash crops (including trees and livestock)
and is included here because it is important to the evaluation of
interventions aimed at improvement of the cash subsystem.

1.2 Potential to Reduce Production Constraints

This is where the team applies the understanding it has derived from
causal and functional analyses of the system and the identified
technological interventions. "Reduction" of production constraints
should be interpreted to include complete removal or by-passing of
the constraint. A higher score is possible for technologies which
address the most limitinp, constraint for a given problem than those
which merely reduce a contributing constraint.

1.3 Potential to Improve Resource Use

This refers to the potential of a technology to improve the use of
presently underutilized biophysical (e.g. soU; climate) and
socioeconomic (e.g. labour) resources of the land use system. A
higher score is possible for technologies which improve the use
of the most limiting resource.

2. Sustainability

2.1 Potential Impact on Future Resources

The evaluation here focuses on the potential to alleviate existing
or predicted resource degradation syndromes. as identified in the
sustainability analysis (Step 12) or to improve in some way the
resource base of the land use system. Differential weighting is
given in accordance with the severity of the anticipated resource problem.

2.2 Potential Impact on Future Demand

Does the technology have the potential to fully. or only partially.
satisfy the anticipated level of demand under the various scenarios
considered in Step 121

Future market potential is included because it is an important
determinant of the sustainability (future economic viability) of
interventions aimed at improved cash crop production.
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3. Adoptability

Technologies which address priority objectives and perceived needs of
the potential adopter are distinquished and weighted accordingly.
Scoring on this dimension can vary in accordance with both the
level of the farmer's perception of the need (not perceived at all
to well perceived) as well as with the potential of the technology
to address the need. The score given by the team should take both
factors into account.

Th~ next two attributes reflect the degree to which the technology is
compatible with the adoption constraints identified in Step 14.4.
A negative score is possible since a requirement for non-available
resources or a serious interactional ~onstraint can irreconcilably
lower or completely block the adoption of a technology. To arrive at
a score on these dimensions, the team must assess the degree of the
resource constraint and the seriousness of any interactional constraint.
i.e. whether these problems could be overcome by some feasible
alteration of the system. This may depend on whether certain other
~echnologies within the overall design are adopted. At Step 17.1
the team should also consider whether the design as a ~hoLe makes
feasible demands on available resources and whether there are any
constraints that may arise from interactions between the technologies
in the design. This assessment may call for modification of the design.,.
Relative freedom from risk should be assessed in terms of the likelihood
and severity of the risk. The potential to yield quick or early
benefits will depend not only on the technology, but on what is
considered "quick" and how long farmers are willing or able to wait
before the benefits start coming. Sometimes a slight modification
of the design (e.g. the addition of an herbaceous intercrop) can raise
the 5core dramatically on this dimension of adoptability.

Simplicity of understanding and cultural compatibility are related
factors, insofar as technologies which incorporate culturally familiar
elements will generally be easier to understand than those which
are totally foreign. Nevertheless, the two attributes can be
separated and should be scored independently. Compatibility with the
local culture can also include such factors as cultural aversion to
elements of the technology (e.g. the use and handling of manure. the
planting of trees on cropland, etc.).

To rate a technology on the "enthusiasm of response" dimension will
require that team members have discussed the idea of the· technology
with a small representative sample of the intended adopters and
gotten an impression of their response to the idea. One should not
expect a terribly enthusiastic response to the mere idea of a
technology before it has been demonstrated on the ground and farmers
have had a chance to understand and evaluate it. What one mainly
looks for in the farmer's ex ante response is signs of mild
interest or, alternatively. of strong aversion to the technology.
Relative differences between technologies may become apparent.

The last two attributes, adoptability by the poor and applicability
beyond the study area, may or may not be relevant to the terms of
reference for the D&D exercise. The technology design may. if the D&D
team 50 decides, be deliberately system specific, and its applicability
beyond the study area be irrelevant to the intentions of the team.



- 268 -

Likewise t specific technologies may not be aimed at the poor t while
others are. Still, a technology which scores high on these
dimension will be preferable, other things being equal t to one
which does not.

Additional Notes

Add other notes as necessary to explain the ratings given.
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*CLASSIFICATION OF AGROFORESTRY SYSTEMS

Agroforestry may be defined as an approach to land use in which
woody perennials are deliberately combined on the same land management
unit with herbaceous crops and/or animals. either in some form of
spatial arrangement or in sequence. The concept of an agroforestry
system implies both ecological and economic interactions between the
components of the. system (Lundgren. 1982).

1. Proposed Classification Scheme

The amplitude of this definition implies that agroforestry systems
can be classified according to the types of components included in
the combination. the role of the woody component in the system,
the type of interaction betweep the woody component and the other
(spatial or temporal), and the way in which the components are
arranged in space. Figure 1 illustrates the principles of a classification
scheme based on these criteria. The first criterion (component
combination) gives the basic high level classification term for the
system: si1vicu1tural, agrosilvicultura1, silvopastoral, and
agrosilvopastoral. The next three criteria (tree role, interaction,
arrangement) provide the means for subdivision of agroforestry systems
within these broad classes.

COMPONENT
COMBINATION

Trees

I
I
I
I
I

Silvicultural

Cr?ps Livestock
h
'1 "... 0·'
I "

"• ••j "
" "
I "
I "
i ' .. ".
i .. "

Agrisilvicultural Silvipastoral Agrisilvipastoral

TREE ROLE

INTERACTIO~

ARRANGEMENT

Production

Hixed

Space

Service

Zonal

Time

Fig. 1 Classification scheme for agroforestry systems.

* Adapted from F. Torres, 1983. Agroforestry: Concepts and Practices.
In D.A. Hoekstra and F.M. Kuguru (eds) Agroforestry Systems for Small
Scale Farmers. ICRAF/BAT. Nairobi.
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2. Silvicultural Systems

The inclusion of some kinds of silvicultural systems under the heading
of agroforestry may be justified in certain circumstances by virtue
of the economic interaction between the silvicultural enterprise and
other enterprises on a farm. A farm woodlot, for example, interacts
wi th other enterprises on the farm through competition for land,
labour and other resources. A horticultural orchard, by the same
token, may also be included under' this same category (silvicultural
is here·interpreted, in the broad sense, as the growing of any kind
of woody perennial for any purpose). Figure 2 depicts the concept
of a silvicultural system with the example of a woodlot.

Tree role
System

p S
.-

r\l~ lweod -/ -/
L-.--__ --

Fig. 2. Silvicultural Systems
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3. Agrosilvicultural Systems

Agrosilvicultural systems combine the production of forest or
horticultural tree crops, in space or time, with herbaceous crops
to fulfill productive or service roles within the land management
system. Figure 3 depicts the architecture of some conceptual
agroforestry systems of the silvopastoral type.

....
Tree rolc Interaction .Distribut10n

Systems
p S T S M Z

Improved fallow -/ -/ -/ -/
Alley-cropP1ng -./ -/ ./

. Multi-storey / ./ ./

Fig. 3. Agrosilvicultural Systems.
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4. Silvopastoral Systems

Silvopastoral systems integrate trees or shrubs with pasture and/or
livestock. Figure 4 depicts some conceptual combinations of the
silvopastoral type, with their corresponding subclassification.

Trc<' crop graz.ing -/

fIIf.4 ........ ,.

Fig. 4. Silvopastoral Systems

•
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5. Agrosilvopastoral Systems

Agrosilvopastoral systems~ as the name implies~ ~ombine trees and
herbaceous crops with animals and/or pastures. Figure 5 presents
some conceptual systems of this type. 1be first represents a form
of integration in time, with silvopastoral phase following an
agrosilvicultural phase (to establish the trees~ with crops~ before
replacing the crops with pasture and bringing the animals in). The
second represents a complex multistorey system with pigs as one of
the ~jor outputs.

Tree role Interaction Dlst:ribution
Systems

p S T S H Z

A - S-+S - p ./ ./ ./ ./
Multi-storey ./ ./ ./

""~
o
U
III
I....

U....
:i!

.- .. - , ".."...~~~"'"-./.

Fig. S. Agrosilvopastoral Systems.
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Figure 6 is a schematic representation of an integrated pig production
system developed in Ecuador (Bishop, 1982), which combines the
vertical complexity of the second system in Figure 5 with the temporal
dynamism of the first, in a highly productive rotation system for
smallholders.

1 2 3 4 5 6

i -. .-.tswlne-cuelWOOd'. production

~FoOdcropproduction~------------J

Desmod-i,W11 ovalifoUulll (1m K. 1m)

Canna edl~lis (2m y. 2m)

MUi'(T amiJIl"il1ata :r; M. bal.bis1:mw. ABB (4m x 4m)

Inga edulis (8m x 8m)

Fig. 6. An integrated pig production system
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SOME EXAMPLES OF PROMINENT AGROFORESTRY SYSTEMS AND PRACTICES IN
THE DEVELOPING REGIONS OF THE WORLD

The table on the next page presents some preliminary results of
ICRAF's ongoing Global Inventory of AgroforestrJ Systems Project.
Examples are given of the most prominent agroforestry systems and
practices found in the different regions t based On existing
knoyledge prior to the commencement of the formal survey phase of
the project. A much more complete catalogue and description of
existing systems and practices will be forthcoming as the project
progresses. The present list may suffice to indicate the range of
existing agroforestry practices.

*Contributed by P.K.R. Nair, Agroforestry Systems Inventory Project Leader.
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*.LOCATION DECISION HATRIX

This matrix tool is intended to aid the designers of agroforestry
systems to arrive at a decision on the optimum location of particular
functional components on the management unit. To facilitate the
decision-making process, the following steps are suggested in the
use of the tool:

L F~rst, identify the functions to be addressed by components' of,
the design and list them in the first column of the matrix under
functions.

It will be helpful to arrange the list in accordance with the type of
function to be performed by the component. Component functions, of
trees or other plants, may be subdivided on the basis of whether the
component is intended to perform a p~duative or a esrvioe role within
the system. The component will be performing a production role if it
produces a harvestable material output. Examples of co~on tree products
include: fi~ewood, charcoal, timber, building poles, craftwood,
fodder, fruits, leaf mUlch, etc. A service role is defined by the
production of an immaterial output or benefit which improves the
productivity or sustainability of the system. Examples of service roles
performed by woody components include: shade' for humans, animals or
crops, shelter-belts and windbreaks, boundary demarcations, living
fences, erosion control hedges, fertility improving trees~ etc.

Some 'functions may fall in an intermediate category, such as the
function of hedgerows in "alley croppingll systems which provide mulch
for improved growth of crops grown in the alleys between the hedgerows.
This is a harvestable ma,terial product, but it is not taken off the.
field and its role is to perform a service function in the cropping
system.

While service functions tend to be location specific (i.e. the.cfficient
performance of the service function requires that the component be
grown at a certain location within the cropping system)., productive
fWlctions are not usually location specific and may be sited almost
an~~ere within the management unit.

2. Next, across the top row of the matrix list all the possible locations
within the management unit where com?onents could be sited.

The identified locations will to a large extent correspond to the
location categories given in the PrediagnosticWorksheet 6.1, but may
be further subdivided for design purposes. Both existing and potential
subdivisions should be identified.' For example;

arable land l'

2

3

con tour lines within. ~he cropland

waterlogged or unproductive areas within the croplaI

boundaries

*Adapted from D.A. Hoekstra (1983). The use of economics in agroforestry
ICRAF Working Paper No.2. ICRAF. Nairobi.
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grazing land 1 - general

2 - boundaries

home c~mpound 1 - general

2 - boundaries

These are only examples. The location categories and subdivisions used
will be specific to the selected system and must be worked out by the team.

3. Next, match the functions to the locations.

This is done by placing an IIX" in the appropriate box in the matrb:.
First locate all site-specific scrvicc.functions. Once these nou
optional sites are marked it Yi.ll be easier to see what locations remain
for 'the non-site specific production functions. It should not be
assumed. however. that service components will use up all of the potential
of a location.· Service and production components might be combined at a
given location,by means of appropriate spatial arrangements or managment
practices.

In locating production components, the general rule of practice would be
to minimize the opportunity cost of Land. In other words. production
components should be located where they will offer the least interference
with other enterprises within the existing or proposed management system.
This applies particularly to tree components which, if they are not
performing a beneficial service role at the site, may compete strongly
with other components for land (including all land factors such as light.
water, soil nutrients, etc.).

Other factors than the potential alternative uses of land should also be
considered,'e.g. differences between locations with respect to the ease of
labour and management inputs (often a function of distance from the home
compound), protection against animal pests or theft, proximity to roads
(for ease of harvesting bulky products like timber) or water (if tree
components will need watering·during the establishmetlt period). etc.' To
get an appreciation of possible costs and benefits associated with
different sites it maybe useful to study the existing spatial arrangement
of components within the management unit to find out why certain components
are found in particular locations. This could yield clues to important
aspects of the farmer's decision-making.

4. Finally, optimize the overall location plan.

Working through the matrix once will result in a preliminary plan. but
this could perhaps be improved by repeating the process one or more times
toopti~ze all factors. Special attention should be given to possibilities
for making more efficient UBe of resources by combining production and
service roles at particular sites. Such possibilities. to a large extent,
will be determined by technical considerations. For example, a single
row windbreak would mora or less exclude the possibility of production
functions which require the harvesting of the whole tree, but it may
leave scope for selective lopping of firewood or production of fruits.
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A multiple row windbreak, on the other hand, could possibly allow for
the harvesting of whole trees.

The end product of the exercise will be a matrix which links the
different component functions and planting sites. If a location has
been identified as suitable for several tree functions, multipurpose
trees and management programmes ~~y be considered as well as
combinations of single-purpose trees. An example of a completed matrix
is given below (the numbers in the second row refer to the location
subdivisions cited as examples under step 2 above).

~
arable land grazing land home compound

Function 1 2 3 1 2 1 2

Shel terbelt X

Erosion cont. X

Fence X

Shade X X

Fuelwood X X X X

Fodder X X

Fruits X X X

Hulch X X
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APPENDIX C-8

WOODY COMPONENTS OF EXISTING AGROFORESTRY SYSTEMS *

The following tables describe the roles (productive and/or service)
performed by prominent woody components of existing agroforestry
systems in different regions and ecoclimatic zones of the developing
world. This information is the result of docun:entary searches carried
out as part of ICRAF's on-going global Inventory of Agroforestry
Systems Project. The information contained in these tables will be
continuously updated as the project progresses.

Table I

Table 1 gives an alphabetical listing of prominent yoody species by
geographical region. 1~c role of the tree or shrub species in the
region is noted in te~us of its food t fodder t wood t service or other
function. Additional references are given for further information
on each species (see references at the end of this appendix). The
regions covered are:

Southeast Asia
South Asia (Indian Subcontinent)
North Africa t Mediterranean and Middle East
East and Central Africa (Humid Zone)
West Africa and the Sahel (Semiarid and Arid Zones)
American Tropics

Table 2

Table 2 focuses on prominent leguminous trees and shrubs t the system
or practice in yhich they are used t the major eco-zone and the
countries in which these uses have, been recorded.

Table 3

. Table 3 contains many of the same 'legumlnous species but sorts them
. according to the predominant type of agroforestry system in which

they are found (agrosilvicultural. silvopastoral, agrosilvopastoral),
the specific practice involved t the country and the ecological zone
in which these uses.of the various 'Woody legumes have been reported.

Note: The country information in Tables 2 and 3 is intended to be
exemplary rather than 'definitive. You may well find the same practices
in other_countries of the same or other geographical regions.

*Table I contributed by E.C.M. Fernandes. Tables 2 and 3 excerp.ted from
P.K.R. Nair, E.C.M. Fernandes and P.N. Wambugu. 1983. Multipurpose
leguminous trees and shrubs for agroforestry. Paper presented to
the Intenlational Symposium on Nitrogen Fixing Trees in the Tropics.
Sept. 19-24. Rio de Janeiro.
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·Table 2, Some leguminoll!~ Woody Perennials Currently used in Tropical/Subtropical ~roforestr

SPECIES

D31bergla alaaoo

Oaris Ind1ca.

Dlphysa rob1no1des

Enteroloblum cyclocar
pum

Erychr1na abysa1n1ca

Erythrlna poepplg1ana

G11rlcldi& sepl~

Inga edulb

tnga j1n1cu11

Inga vera

Leapedeza b1coloT

Leueaena esculenta

Mimosa Seabrella

Park!. blgloboaa

Acacla aiblda

AcacIa aurlcu11formls

Acacla. ",earnaU

Aeac1a seyal

Acacla cortll1&

SYSTEH/rUCTICE

..
(SP) CUT ....-lD CARRY VGDDER 1'I;.OD.

(A!»'\U/i.TlPURPOS::; TREES eN FARKS.. .
(51') CUT IJffi CAltllY FODD'lR PROD

(AS) LlVEfENCE5/SHEL'~R3ELTS

(SP) SllADE/BROUSE TlU:£S HI PASTlJltt

(SP) LIVErENCES/SHELTERaELTS

(5P) CUT /JIll CARRY FODDER pRon.

(ASP)"CllOI'/TREE/LIV£STCCl: lUX

AROUND HOXtSTEADS

(AS) S\Wlf FOR COHllERCIAL CROPS

(AS) SlWlE Foil. COHMERCIAL CROPS

(AS) LlVEFENcES/SHZLTERaEtT5

(AS) TREE GARDENS

(51') CJJT ANI) CA!I.U roDDEIl. l'ROD.

(ASP) CRop/TREE/LI\~SroCK

KIX AROWD HOMESTEADS

(ASP) CROP/TREC/LlVESTOa(

HIX AI'.OL'IID ROm:SttADS

(AS) SIIAD:E FOil CO~'P.CIAL CUll'S

(AS) SIWll!: FOll COMMERCIAL C!lOPS

(AS) ACROFOltXSTJ.Y Flrt:!..\lOOD PIl.OD.

(AS) HI1LTll'U\U'OSE !:IDtU! ON FAAMI.AllDS

(AS) ACIl.OFORESTRY ~""tUIOOD PROD.

(SP) CUT AlID CARllY FODllER PROD.

(AS) SIWlE roR COMMERCIAL CROPS

(AS) ACllOFoRESTRY FVEU100D PROD.

(AS) IlLIJCERO:J (I-.u.ri) .cROPplIlG

(SP) CUT AND CMIR'l FallOUt PROD.

(ASP) \JOODY REDCRIl.O'.IS FOR RROlJSE.

xtJ1.0l. CRE£.H MAN'JRE AND SOIL

CONSERVAtION

(AS) SHADE roll COllVoE1CUL CROPS

(~) MlJLTII'tm'OSE r..tES Oll FARMLANDS

(AS) AGROroUSTRY FUEL\IO()D PROD.

AS) TREE CAf-DENS - Mult1speelea

Multlpurpo6s aaaociatloDa

ASP) CROP/TREE/Lt\'ES1'OCX. l{1X. A!\OUNI)

I'.oHESn:ADS

AS} ACJlOFOUSTltY FUELIIl'OD PIlOO,

SF) MULTIPURPOSE FODDER TREES

(AS) ACIlOFoRESTRY FUELWOOD l'ROD.

AS) AClOFOREST1i.Y FUEUJOOD I'MD,

AS) W.r..tII'UIU'OSE TlU!:tS 011 FAR.'fLANIlS

AS) ACaOfOiESTRY FU!l.VOOO PROD.

S1') MULtIPURPOSE FODDER TREES
SP) Sl\ADE/!ItOIlS~ TREES J!l l'AsTUfJi:

AS) ACROFOUSTlY n,'ELWOOIl ~lOD.

SI') KULTIPUiPOSE FODDER TREf.S

SF) SHAD~/8RCVS£ TREES IU PAS~~

AS) AGlIOl'OUSTltY fUEL\JOOll PROD,

51') SHADE/BRO'JSE tAEES IN PASTU~£

(SP) MULTIPURPOSE 1'OODER TREES

Mf..JOR ECO-ZONE

TROPICAL iiIClI1.A.'lDS

ARID!SE"!i.I-AIUD

IIll..'MID1SI1iI-HtiMIO

/

lttlHIll/SUB-II1JM11l

TROPICAL HIQ,LANDS

TROPICAL ltIGltLANDS

r..OI'ICAL IIIGliLANIlS

I nUHID/Stfll-H1!KID

n.DPlCAL III rnUrlDS

HIll{lIl/Sua-HUMID

llUlftIl/StIll-h1lM1D

Hl'HID/SUlHIUHID

HUHI01SUll-Itl.!MlD

llUliIDIs trn-HUMID

lIUKIO/Sl1ll-HUXlD

HUMlO/SUB-llllKIll

HUHID/S\m-1lUMI1l

HtIHlO/SUll-!mKtD

HI.r'MII>/SUB-HUHID

llUHlD/SUll-HUMlD

" ..
IIUlUD/SUB-lIt.'M1l>

!!tIMID/ Sl1ll-IWHlD

llUlU D/S UiHIUMlD

., u

.. ..

.. Ii

TROPICAL ItlClIU.NDS

aLlaD/SUB-HUMID.

"TROPICAL HIGHLANDS

HUIU D/SUlHIllHtD

ARID/SEliI-:1JtID

1JtIO/SEMI-AilID

HUHID/SUlHllMIO

TROPICAl. IIIQILAllDS

T'JOrlCAL HICHLAHDS

AlUo/SEIU-Ml.lI)

AUo/SEMI-AXID

.AIlIO/SEMl-AIlID

AllIO!SDtI-/.F.ID

AltIO/ Sl!Ml-AkUl

All.rD/Stlil-ARID

.Ulll/&Elil-Ulil

MID/SEMI A1UD

1JtID/SEMI-A..'ltD

COUNT>1IES

INDIA, lfEl'AL

INDIA

INDIA

COSTA RICA

roSTA UCA

UHIOPIA

£11IIOPIA

ETUIOPIA

COStA RICA

COSTA Ala

llRAZIL, COSTA ua,
PHILIPPINES

COSTA UCA, JAVA

JAVA

I'JJ/AHA

.JAVA

AMERICAN tRDPICS

Kl:XICO

PlJ'tRTO RICO,WESt INDIES

\Il;ST lU1lIES

KOttA

1tOlU:A

NICYJlIA,PAPUA N. CUINEA

PIULlPpnlES

lIICEUA

PHILIPPINES

PRILIPi'IllES

Ml:XICO

llRA%lL

aWIL

"BRAZIL

CiJiTltAL AGRICAN REPl1ll.

EnnOi'II., NICER

IUCER, S£llECJ.I.

ETHIOPIA, SENECAL

I'APUA NEil C',JINEA

JAVA, KENYA

JAVA.

SUDJJl

KE'dYA, SOi'-"lI

k1JO:A• SUDAlf

st.'b.l_q. IlI'I'EIl. VO:n.U

D:llY.\, $\liwt

StoNECAt.., SL'IlAII

INOlA. ~YA. SUDAN
KENYA. S!:IlECAL, SUDAN

INDIA, KL'iYA, SUDAN

• .u • ACtOS1.LVICULTUll:t. Sp • SILVO-~A$TOIlAl.. ASP - "CRO-StLVO-I'ASTO•.J.l.
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Table 2. Cont'd
SPECIES SYStEM/PRACTICE HAJOR ECO-ZONE COUNTRIES

Alblzi~ (alcataria

Albl.ia &urnnifera

Al b i zl n lebbeck

Albizt .. sttpulata

Alnus aCUl1llnata

Andira ln~mts

c...j"r.u~ caJan

(AS) l1\1:E FARMS

(AS) S!W>E roil. COXMERCIAL CROPS

(AS) SIIADE FOR COMMERCIAL CROPS

(51') CUT AND CAllY PODO£R PROD.

(SP) cur AND CARRY FODVER l'~OIl.

(AS) SIIADE FOR COKHERCIAl. CROPS

(SP) SiV.DE TREES IN PASTURE

(AS) SHADE FOR COl'iMERCIAL CROPS

(AS) MULtIP~lPOSE SHRUa ON FA.~ANDS

II!.lMlD/SUB-HL'HID

1l1.'I'I1O/SUll-IlUHlO

HUMID!SUlHIUKlD

TROl'IC.l.L HIGHLANDS

HUlU D/surHtl.,'!1ID

TROPICAL HI(;lIU..iOS

TROPICAL HIGHLA.~DS

TROPICAL HIGHLANDS

HUMID/SUB-MlfrlID

ARI!>!SEMl-AAID~lllJMII)/S\I1l

HUMID

PHILIPPINES

C1~'lERQlJN

INDIA

INDIA

INDIA

"'"EPAL

BRAZIL. COSTA RICA

AMERICAN l1lOPICS

BRAZIL, COSTA UCA

INDIA

Cailiandra calothyraus

C"ssla shlllea

Ccratonla stliqua

Colophospc~ummopane

Parkla clappertoniana

(AS) LIVEFENCES/SHELXERSELTS

(AS) ACROFOSU:STRY FU£UiOOD PROD.

(AS) ACROFORESTRY FUEUIOOIl PItOD.

(AS) HULTIPl1RPOSE TRl:.ES ON FAR.'lLANDS

(ASP} WOODY REDCERO~S FOK BROWSE,

MULOI. GREEN KANURE AND SOIL

CONSERVATION

(51') CUT A.~D CARRY FODDER PROD.

(AS) TREE CARIlENS-HULTlSI'r.CU:S.

MULTIPURPOSE SPECIES ASS.

(AS) ACROFORESTRY roELWOOO PItOD.

(ASP) CROP/TIlEE/LIVESTOCK

KtX AROUND HOMESTEADS

(S1') SHADE/BROIlSE TRI.£S IN PASruRE

(S1') M:JLTIPURPOSE fonDER !T{£ES

(AS) T~t GARDENS

AIUD/SEMI -ARID

ARID/S£lf1-AItID

lllllfID / SlJll'-UUHlD

IlUMlD/SUB-HUMID

IiUMlD/Sllli-RUMID

HUMID/SUB-HUMID

HIJI'\ID/SUll-HUlUD

HUHID/SUB-HUMlO. ARID/SEMI

ARID

IllJKtD/SU!I-HUHID

AIlID/SEMI-AP.lD

ARIo/SEill-ARID

HUMID/sua-HUMID

INDIA

WDIA

JAVA

JAVA

INDONESIA

JAVA

CA.".EROI./ll

SUDAN

NICERIA

HIDDLE EAST

ZAHBlIo. ZIMBAllIlE.

NIGERIA

BOLIVIA, CHILE. PERU

lIlDIA

INDIA

INDIA

INOlA

HAITI

MIDDt.E EAST

CHILE

CHILE

NICEP.tA

JAVA

PlllLIPPIN£S

HAIJAII

I'NII.IPPINES

NICERIA

.. .. ..

.. .. ..

.. .. ..
II .. ..
.. .. ..
.. .. ..
.. .. ..
.. .. "

lIUMID/Silll-HIJI'\ID

HIlM1I1/SUll-HtlMlb

ARlO/SEI1I-ARID

ARID/SEMI-ARlI>

Multispe~les. mUltipurpose

(AS) TREE GARDENS

(AS) LIV£FENCES/SHELTERBELTS

(SP) SIW)E/llROIIS£ nEES IN i'1.St1JllE

(SP) CUT ...."0 CMIRY FODDER PROD.

(AS) TREE GARDENS - Multipur~o&e.

Hulti~pecie. aDao~tationa

(SP) SHADE/B~SE Tl\EES IN PASTL~S ARID/SEMI-ARID

(AS) IM.TIJ'URPOSE TREES ow FAlt.'tl.Al~DS

(AS) ...GROFORESTR1 i1J£Ll.IOOO PrJJII.

(SP) CIlT AND CAIlRY FODDER PROD.

(SP) SlIADE/aRO".SE TREES III i'ASTOaJ::S

(AS) AGROFORESUY FUELIKlOD PROD.

(51') SHADE/B~SE TRE£S IN PASTURE

(AS) ACROFORESTRY !"JEUJOOO PROD.

(SP) SIlADt/IlROWSE TREES IN PASTURE

(AS) TREE GARDENS - IlulUpurpoae IIlIHlD/SUIl-HUMlD

Hultispecie••aaoclations

Prosopls a[rleana

Prosopls chilcnat.

Prosopls cineraria

P.erocarpus soyauxii

Pro.opls jultflora

I P~rk; n spedesa

Pithcccilobium dulce

S~~nea S3DL&n

Scabanla bisplno~a

SC$b~nia ~r~nd({lota

(ASP) CM1' 'I1l£E LIVESTOClC MIX AROUND

HOMESTEADS

(S,) SIIADE/Blll)WSE TREES III 'ASTIJ~

(ASP) TREE/C~P/LIVESTOCK"IX AMUlIO
Homestead. •

,AS) MULTIPURPOSE TREES ON FA~IOS

AS) ACItOFOItESTRY l'UELIKlOD PROD.

SP) CUT ".NO CAllRY FODDER PROD.

ASP) \looDY HEDr.£ROIlS rOil aaC7.1SZ.

HU1.CII. C1U!:EK Hhl'lURE. ... sou,
COl/SERVA'rlO:;

AS) 1.IV£n:NCES!SlIEl.T£It1IEl.TS

KUllID/SIl1l-Hl.1JilD

IlUKID/SUIHllfrlUl

KOMID/liUIl-ilUllIIl

IUlKtO/SlJIHIITKIll

Hum0/SO'lHIL1tID

HUXlD!Sl1:e-HiJl1ID ... ARID/ .

SF.I'II-ARID

jlilJ'ifiD/SUI1-I1UMID

\mlMIO/sua-IIUMIO

i

NIGERIA

AMERICAN TROPICS

HtCEItlA

INDIA. VIetNAM·

HORTl( PIUtIST,,"

INDIA, PAAtsTAN

INDIA, PAKISTAN, vIeTHAM

JAVA
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Table 2 Cont'd.

SYSTEM/PRAcnCE y.uOR ECO-ZONE COumRIESSPECIES

Sesb"nia ~randinor" (AS) TREE GARrIENS HlJ'MI O/SUB-HUtUD JAVA(colltinucd) (AS) SI~E Inr. COMMERCIAL CROPS .. ..
!W.AYSIA

(SP) SHADE/llROIlSE TRIES IN PASTURE .. ,.
JAVA

(SP) CUT A.!m CARRY FODDER PROD. " ..
JAVA

(ASP) WOODY llEDGEROIo'S F'OR BROlo/SE

HUt.CIl. GREEN tWlURE +SOIL " ..
JAVA

CONSERVATION

(ASP) CROP/TREE/LIVEStOCK MIX AP~UND .. ..
JAVA

HOMESTeADS

Ta~rindu9 indica (AS) MULTIPURPOSE TREEs ON FAP.'lI.ANDS IIL'MIO/SUII-HUKtD INDIATrema or1entalis
(AS) SI\AJ)F. FOR COtIHERCIAL CROPS llIJKID/SUll-llUKID PHILIPPINES
(AS) AGIWFORESTR.Y nnn.WOOO PROD.

HllMID/SlTll-I/tll1ID + TlOl'ICAL JAVA
IIIGHlJIHDS
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Table 3. Woody Leguvles by Agroforestry System and Practice
i

AGBOFOIlESTltY LEGUMlNOUS SPtCIES USED IN

SYSTl2I l'lt\CTlCE COl1llTl\1ES ARlD/SEMI-A1UD ARZAS ~IUllID!SI)inlUMlD AMAS TROPICAL HIClIl.A.'ItlS ARE}

!
AGROSILVICULTURE I.oIVEmlC&S / SlillLT'£R COSTA R.ICA ~liriCidia sepiua Clirlcidis aepium

llELTS/lmIDnw.KS i!:nll01'IA iphyaa l~binotdes Erythrina sbya.inics

INDlA Cc.januli cajlUl

1::.....,.-.....,,,...
-

nmcm:SIA - -
(.h,Vll) l1ric1dia aepi~ -

!PlUu!'pnres P1thecollob1un dulce - - .

/roLTIPIJlUlOSE . IBRl.ZIL - !iilliOU acabrella 'M.L;ncsa Ii~a.bt"eli.a :
~SJ!ZiiRIlBS ON
FAllHI.JJmS !NDIA Cajllnus cajan f:;ajAnU8 cajan

Derdll indic,," ~e8ban1a blsp1noss -
Prosop1. cineraria

~AVA - ~alliandra calathyrsus Acacia tIlearnail
'WREA . - eapedc2a bicalor -
~ICZ'R Ac.l!c!s albida - -
SEloiEGAl. I.elida senegal

\1lE'rNAM - e6banla bispinoaa -
IBEDC~iI (ALLEY llICZnIA - ~ucaenA leucocap~.la -
CllOPl'IliG) WITH

~4l1iandr4ealothyrau»FAST CUOID..\'tG WOODY INDOllESIA - -
PEltmfNULS (JAVA)

1'RZE GAllDENS CAI1!1.0IJU - Samanea daman -
Hut tipurpose Clli'HJla aialllGa
Hu1t18j>eei"s. .'UJ- Ct:IITi'M. il'arlda bigloooa..
ocutions AFRlCAll - ~amatindu8 in~icB -

rJ!?\.!'EiLIC

KIGE1l.IA
I

~"rkla c18pp~rtonlan8

I
~t~Bopia alr1~na -
Pterocarpu$ aoyauxil

SIIA!)! FOll. COMMEIl- Nlcr.RIA - Leueaene leucocephala -
CUd. CROPS l'i.rU.... ll.ViI

CUlHEA

1'tlrLIPi'ntt~ - Gliric!d!. sepium 1rema arientalla

lIFAZIL \ndira 10..=18 Alnus a"....in.ta
COSu. RICA nilll ..dul18

ngn ve't"l!l Erythrina poeppigtana
,~rythidna 1'0l:I'1'lt1olna

MEXICO - r" j'.'''Ueucaen" esculente -
MALAYSIA - . 'eabania grandU'lora -
rlJERTO RICO - "&4 vera -w. liffiI'eS -
CiJ{Z/,..cUOi - ~lblli~ &u"~fera -
INOIA - ~bh1a lebeck -

AGltOl'OKeSTRV .JAVA - aUh.ndra c:dothyreuB Acacia *arn811
t PtlEU.'OOD re..... odent..li" Irems orlentalls

PRODUCTION
P"J'U~ !lEW - rcacie auriculiformia -
CUlllEA
PHILIPPINES /A..\blll:1i> fale",tar:la

~eucsena leueoeephala -
5RAZlt - Ull'!Dll~ Bcal>rell.. -
I'JoY.Ili'l'A,'l - :>eao..n1.. bilJplnosa -
U. Il."DIES - nga Vf!ra -,
StfDAll Acacia 1..,rl.C~el - -

Ac.,,111 ",,)',,1

NICER ;'",act...Ibid.. - -
SEmGAL .ij;I;,c.1... albid. - -nmtA c..~~ill\lJ" cajnn

b. '" _, r,,,~..",..i.
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[.\Cerole-bi.... cydocal1'UI!l, 1\1 nus acuOliN! ta
S8.2Iaoea saman

Co lophofipc nnurn mopallt!

AGROrORESTRY COUNTRIES LEGUMINOUS SPECIES U~ED IN
_S_·Y_S_T._!:K_S t-__P_RA__C_T_IC_f._._t-_. I-_--::A=R~I:O/=S~-E::._M~I~-~A-;:~-;:I:O=A~_~=:-:S:-·-:""7.U:':llM:-:-:'IO"',7-:S:-:U7:11::7.UUl1Ii1 I\R~~i~I~_L_H_I_G_H_u.:_N_D_S_A_Il._~~ __

SllVlH'ASmAAI. OlflERCIAL/ INOONESIA - Sesbania J\randifIora -
~HADE/8NOWSE/ (JAVA)
fRUIT TREES IN ZAMSIA
PASTURE COSTA RICA

SF.NECAL
SUDAN
HAllAI I
!'II1>DLE FoAST
I Nl>IA
BOLIVIA
CHILE, PERU
CHILE

Acacia senegal
Acacia tortHis
Pltbec~llobiurn dulc~

Ceratonia siH,:ua
ProBopia cineraria
rro8op15 chilenal.

Pro50pis tamarugo
------t-------+-------+-----------+--------------+--------------

Albizla stipulata

Erythrlna abysslnlea

~ i

i
I· =Erythrlna abyssin1ca

Glir1cldlB S"l'ium
Parkia spec::1oss
Sesbanls grandlflora

Cssd .. sia....a
Prarocarpus fioyauxl1
SRmanea S8man

Ca Uiandr" ell lothyrslIs
l.eucaena hucocephala
Se~bania g:andiflora

Alblda lebbeck
~Iber&ia 51a800
Scsbania blspi.no.la

I.eucaena leucocephala
Gllricldia septum
Sesbania grand1flora

Le9ped~za bi~olor

D3lbereia 81ssoo

Acacia senegal
Acacia seyal
Acacia torti115

Dl!rris indica
Prosopis cineraria
Sesbanla bisplnosa

Acacia albida
Ptthece Hob i urn dulce

I

T-~

IAcacia :lbida

INDIA

£TIHOPIA
PHILIPPINES
PANAMA
INDONESIA (JAVA)

KOREA
IlEPAL

INDIA

MULTIPURPOSE KENYA
fODDER TREES SUDA1..

IoIOODY HEDCE
Rcr,.JS FOR
BRa"SE. HULCn
CR~FN HANURE INDONESIA
+501 L CO~S}:R- PHILIPPINES
VATION INDONESIA (JAVA)

CROP/TREE/LIVE ETHIOPIA
STOCK MIX INDONESIA
AROUND MOME- !(JAVA)
STEAD IINIGERIA

AGRo-SII.VO
PASTOP.AL

I r .
l . ._.__. . .__.._ ._ ..__ ... _ ..__ . ,_. . .__. . . •

BEST AVA/~A{3LE COpy
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APPENDIX C-9

CHARACTERISTICS OF SELECTED MULTIPURPOSE TREES AND SHRUBS

The following tables supplement those in Appendix C-8 with more
detailed information on the ecological adaptability and management
requirements of selected multipurpose trees and shrubs with
exceptional poten tial as componen ts of agroforcs try sys terns... Table 1
contains information on outstanding multipurpose woody perennials in
general, while Table 2 focuses in on selected leguminous and other
nitrogen fiXing trees and shrubs.

*Table 1 contributed by P.K.R Nair and E.C.M. Fernandes. Table 2
excerpted from Nair, Fernandes and Wambugu. 1983. Multipurpose
leguminous trees and shrubs for agroforestry. Paper presented to the
International Symposium on Nitrogen Fixing Trees in the Tropics.
Sept. 19-24. Rio de Janeiro.
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APPENDIX C-IO

BIBLIOGRAPHIC SOURCES OF LISTS OF MULTIPURPOSE
TREES AND SHRUBS*

The table on the following page gives a master list of sources
which list and describe multipurpose woody species of potential
significance to agroforestry. Detailed bibliographic information
follows the table.

This information supplements the lists of specific trees and
shrubs and their characteristics given in Appendices C-8 and C-9.
Such information may be helpful to agroforestry designers in
selecting woody species for inclusion in designs for improved
land management systems, but the reader is cautioned that such
lists can never give a full inventory of potential agroforestry
species for a given location. They may serve to call attention
to some of the most outstanding exotics or native species whose
potentials might otherwise be overlooked, but there may be other
trees and shrubs of purely local significance which agroforestry
designers may be well advised to consider.

* Contributed by Jeff Burley. Commonwealth Forestry Institute
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SOURCES OF LISTS OF MULTIPURPOSE SPECIES

Authors Date Scope

Bauer (1982) Eight site types in
Honduras

Camacho (1981) Costa Rica
FAO/IBRD (1978) Nepal
Koivisto (1979) Asia-Pacific region

(1980) Browse species, North Africa 34 species
(1983) Palms 4 species domesticated

19 species incipient domesticat:

60 species selected list
650 source list

111 species and genera
31 genera, 288 species

180 species
66 species and/or genera
57 species

and

Laurie

Fenton et. a1.

AdCL"llS et a1.

FAO/IBPGR
von Mayde11
De1wau11e
Goor & Barney
Brewbaker et.a1--Vergara
NAS
Burley
Boland and
Turnbull
Lavoie
Webb et a1.--
Edwards
Barrow
Owino

NAS
Lessard and
Chouinard

Varmah and
Pant
Le Houerou
Johnson

(1974) African savannahs
Subdesert
Dry tropical
Semi humid tropical
Humid and equatorial

(1977) Lowland tropical
hardwoods

(1978) Arid and saline

(1980) Arid and semi-arid
(1981) Sahel
(1979) Dry tropical Africa
(1976) Arid
(1981)1 Tropical legumes in AF
(1980)--
(1980)'
(1980)~G1oba1 firewood

i
(1981) ,
(1981) Energy biomass
(1979) Global multipurpose
(1983) ~~lawi multipurpose
(1983) Kenya multipurpose
(1983) Kenya nitrogen fixing

multipurpose
(1982) Sahel
(1980) Bamboos

(1981)

No. of genera or species

30 species
21 genera
68 species
91 species
5 genera trees
4 genera bamboos
2 agric. industrial woody spp.
13 potential untested spp.

10 species, 6 genera
9 species, 6 genera
19 species, 6 genera
13 species, 7 genera
23 species
14 genera
45 indigenous tree species
53 introduced tree species
65 indigenous} h b d
24 introducedJ s ru s an cover
13 species, ~ genera

116 species
63 species, 43 genera
53 species
26 species, 12 genera

55 species, 4 genera
54 species
43 species» Malaysia
22 species, Indonesia
Y~ny species, A-P region
Many species, India

IDRC (1979) Rattans
pu~pose ]Whitmore (1980) Many groups and Various species for Asia countr:

Hal1iday&Nakao -(1982) Legumes 1000 species
Brewbaker and (1982) Ni trogen-fixing trees 43 species "A" list
Styles 50 species "B" list
Okafor (1980) Food and fodder, Nigeria 51 spe.cies
Kessler (1981) Fodder, Nepal 24 species
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ADAMS. R•• AnA11S, M•• WILLENS. A. and I.lIf.LENS, A. (1978). Dry lands: man
and plants. Architectural Pres:), London. England, lS2pp.

ALLEN. O.N. and ALLEN, E.K. (1981). The Leguminosae.
characteri9tlcs. UGes and nodulation. Univ.
Madison, USA. 812p.

A BOUrce book of
~i6conain Press,

ANON. (981).
divers1ty.

Proceedings of the u.s. strategy c~nference on biological
US Oept of State Publ. 9262. \l ashington, DC. USA. 126p.

ANON. (1982). Editorial: What 18 agroforestry1
1(1), 1-12.

Agroforcstry Systems

BARNES. R.D. and BURLEY.· J. (1962). Vegetative propagation in the
improvement of tropical forest trees. Pap. 8th Long Ashton Symp.,

. "Improvement of vegetatively propagated plants". 1...ong Ashton Rca.
Stn •• Bristol, England. 28p.

BARNES. R.D •• BURLEY. J •• GIBSON, G.L. and GARCIA de LEON, J.P. (1982).
Genotype-environment interaction.<J in tropical pines and their effects
on the structure of breeding populations. Abstr. 1n; Proc. IUFRO Je.
Ktg. Wkg. Parties on Geneti.cs about breeding strategies including
multiclonal varieties. Lower Saxony For. Res. lnst.. £scherode,
Germ"ny, 220-1.

. .
8AUER,.1. (982). . Eepecles con potencial para 13 reforestacion en

Honduras; resumenes. Corp. Rond. Des. For., Tegucigalpa. Honduras,
42p.

BELDT. R. van den and HUXLEY, P. (eds.) (1982). InRtitut~ons st.udying
nit.rogen fiXing trees. Pap. NFTA B2-o6"Resource Documents. Bellagio
Meeting. Nitrogen Fixing Tree ASSOCiation, Havai1, USA, lOp.

BENGE, M.D. (1982). Selected tree
Holland and the Dntted States.
Wssh1.ngton, DC. USA, 224p.

seed. sources 1n Australia, India,
ST/FNR Tech. Series. No.1. USAID.

BOLAND, O;J. aod TURNBULL, J.W. (981). Selection of AUGtralian trees
other than eucalypts for trialn as fuelwood species 1.n developing
countries. Australian Fo.e~try. 1.4 (I.) 23S-46.

RONGA, J.N. and DURZAN, D.J.
Mart1nus Nijhoff/Dr. W.
4201'. .....

(eds.) (1982). Tissue culture in forestry.
Junk Publishers, The Hague, Netherlands.

BRBlBAKER~ .r~L.

experiments.
0978}. . Application of ausmented deslgnin flelLl

Himeo. Univ. Hilwai!. USA. 4p.
crop

BREWBAKER,J.L. (1982). Systell1ntlc:s t

systems and genetic environment of
LeuC:lcna \lorkshop. Singapore, ISp.

self-1ncompatlbf.11ty. breed iog
T~p.ucnena species. Pap.. m-rA

BR&lDAKER. J.L. (1983). Guide to the syatcmaticA of the genus 1_~~~~'!P..

Rcnth. Allertonin 3 (io press).
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BREWBAKER, J.L •• BEl.T, R. van den. m~dHACIHCKJ:!'J. K. (l981). Nitrcgt'n-
fixing treE: c(-.so\lrces: potcntLal~. ~ud lir.litatlons Pap. COflL

Biological Nitrogen Fixat f.on t Ct A.T. Cali, Colmnhi:l. 13p.

BRE\o1 BAKER , J.L. and S1"~LESJ B.1'.
nitrogen fixing tree 9pe~ies

and B, Resource Documenti4.
Association, Ha~ali, USA, 7

(i!ds.) (1982). Economically important
("AU .1od "B" lists)., Pap. t:inA 82-04A

Rellagio He(~ting. Nitrogen Fixlng Tr-(:e
nod 2p.

BRa.lN, C.L.. (ed.) (l9Hl). Application of f.i3sue culture technology to
production of tloody biomass. L,t .~rnational Energy Agency Rept. NE'
19131:18, Nnt10nal Swedish Boar.d for Et1e~gy Sourr.e Developl:ll~ntJ

Stockholm. Stleden. 23p.

BURDON, R.D. (1982). The roles and optimal place of \Tegetat1~e

propagation in tree br<'tedlng strategies. In: Proc. tuFRO Jt. Mfg.
'Wkg. Parties on Gen~tic9 about hreeding strategies irl.cltJdin~

multiclonal varieties. Lower S;<lxony For. Res. Inst:., Esche-rode,
Germany. 66-83.

BURKHART, A. (1976). A moncograpb of the genus Prosop19 (Legumino~ae

9ubfam. Mimosoideae. J. Arnold Abor. 57 (J). 219-49.

BURLEY, J. (1980a). Selection of species for fuelwood plantations.
Commonw. For. Rev. 59 (2). 133-4/.

BURLEY, J. (l980b). Choice of tree 5pp-dl!s and pO$sib111 ty of geneUc
improvement for smallholder and community forests. CommonW'. Fon

. Rev. 59 (3), 311-26.
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APPENDIX C-ll

ADDITIONAL CHARACTERISTICS OF WOODY PLANTS TO BE CONSIDERED
IN CHOOSING SPECIES FOR AGROFORESTRY SYSTEMS~

In choosing trees and shrubs for inclusion in designs for improved land
use systems, a large number of factors must be considered. Not only
must the chosen species fulfill the functional requirements of the
system, i.e. for specific production or service functions, but the
characteristics of candidate species should be considered, not only
from the technical standpoint, but also with a view toward assessment
of management and socioeconomic characteristics. The following table
provides a checklist of some of the more important considerations
involved in the detailed evaluation and selection of woody agroforestry
components. These start with an appraisal of germplasm characteristics
(1), continue '-lith aspects of propagation (2), planting-out (3)-, the
"juvenile" phase of growth (4), mature grm.;rth (5) and senescence and
re-planting (6).

1;
Excerpted from P.A. Huxley. Some characteristics of trees to be

considered in agroforestry. Poster paper presen.ted at ICRAF's Consultative
Meeting on Plant Research and.Agroforestry, 8-15 April, 198!.
In: P.A. Huxley (ed)~ Plant Research in Agroforestry. (In press)

/



1. GERMPLASM

Technical

(a) Is this species outbreeding
and germplasm therefore
heterozygous?

(b) Are there seed viability
problems? (If so does it pay
and are there facilities to
investigate?)

(c) Are there seed dormancy problems?
(if so does it pay and are there
fa~ilities to investigate?)

(d) Are seeds (etc.) commonly attacked
by pests!diseaes

(e) Are there specific seed-borne
diseases?

(f) If tree seeds are not the best
or most convenient method of
propagating, then do any of the
above questions relate to other
types of materials that might be
used?

SOME CHARAC~RISTICS OF TREES

}fanagerial

1. Does a mixture of genotypes matter?
2. Is germplasm easily and ch~aply

available? and through what sources
(plant quaran~ine etc?)

Will someone have to carry out seed
testing? .

Is any special equipment or technology
required to break seed dormancies?

Are special storage facilities or
conditions required?

1. Is any special treatment of the seed
required?

2. Will the land-user have to watch out
to eradicate (or treat) young
seedlings?

Especially viability of cutting
budding or grafting materials.

Socio-Economic

Can the land-user collect and/or
distribute his own seed? Or does he
have to buy it?

Can a farmer easily store seed? Does
this put up the cost of seed?

Does this hinder adoption-through
direct-planting technologies?

Will this be a major hindrance to
issuing farmers with seed?

Will the land-user need special help
or advice?
&will this be costly?

Does the farmer already have
eh~erience in say, using cuttings?
(and see next section)



2 • PROPAGATION

Technical

(a) What methods of propagating are
available (See if above)
- sceds/cuttings/budding and
grafting/tissue culture etc.

(b) ¥fuat are the specific environ
mental requirements for
germinating seeds and/or rooting
cuttings etc, and for early
s~edling growth?

(c) Are there requirements for seed
innoculation
(Rhizobium, Mycorrhirhizae)

(d) Are there specific pests and
diseases in the nursery phase?

(e) Hhat is the likely (and optimum)
duration of the nursery phase.

Managerial

1. h~at facilities are there for
establishing nurseries and
distributing plants?

2. k~at types of nursery are best?
(central, thro' village schools
etc. etc.)

3. What skills/labour/materials are
there for setting up nurseries and
distributing plants?

Are the facilities, labour and
skills available?

Will this be done on farm or for
issued seeds?

Are special procedures involving
materials and skills required?

Can the nurseries supply plants
a) when the farmer wants them
b) for as long as he wants there

is sufficient quantity and
c) of a type which will survive the

distribution and planting systems.

Socia-economic

1. What are the relative advantages
of direct-planting versus nurseries?

2. What propagating method best suits
the land-\l.5er?

3. What will the costs be if using
different methods?

Will the land-user easily understand
the requirements?

Will the land-user suffer severely
from a failure to control these
properly?

1. W11at are the costs?
2. ~~at are the costs of maintaining

unsold/undistributed plants?



3. PLANTING OUT

Technical J:d..anagerial Socia-economic

(a) ~-1hat are the soil/environmental condi.tions needed?
(best season? Are there special soil
conservation requirements in this phase?)

What site preparation
problems are there?

How does it fit in with labour
availability and other family needs?

Can the necessary care be given?

Will the farmer bother? Can he
afford it? Will he maintain it
and finally remove it?

What is the cost and likelihood
of the land-user adopting these
procedures?

Are special chemicals or protective What cost? How does it fit with
methods- needed? labour requireme.nts and available

skills?

Are proper handling facilities
available, and the necessary
skills?

~~at is the easiest to arrange
(what local materials are
available?)

Can it be provided?

(b) What is the optimum plant size (and condition)
at planting out? (see also 2e)

(e) Are pests/diseases/weeds likely to be a
problem <and animals/birds)

(c) Is shelter/support required forfthe young
plant?

(d) Do the young plants need watering,
fertilizing or mulching?



Socio-economic

Will the land-user understand what is
required?
What are the costs of training versus
not training?

Will a slow-growing species be acceptable,
however useful and productive later?

Is the land-user prepared to allocate
a special site to the trees (if needed )~

4 • JUVENILE PHASE

.Technical

(a) 1. What is the morphology and early
growing habit of the species?

2. How does it respond to training/
pruning and what growth responses
are there for buds of different
kinds?

(b) Is the species slow or fast-growing in
its early stages? (see also 4a above)

(c) What are the rooting characteristics
of this tree species?

(d) Is the 'tree palatable? vfuat is the
need for animal protection?

(e) What are the plants' requirements and
responses to shade/shelter, watering,
fertilizing, weeding?

(f) What is the duration of the time to
flowering/fruiting (is the species
being grown for fruits?)

(g) How susceptible is this tree species to
pests and diseases?

(h) ~lat is the phenology of this species 
how does 'this effect the associated
crop plants?

Managerial

1. Does this affect crops growing nearby
what are the tree/crop interactions1

2. ~~attraining is possible and
desirable? . .

3. Are training skills available?

If slow-growing will this increase
the burden of managemant operations?

1. How does this affect management
practices (watering, weeding
fertilizing) ?

2. Does early, deep-rooting
characteristic affect associated
crops and what are the tree/crop
interactions at this level? see
4a(1)

3. Will this affect choice of site
(see 3a)

1. Are there any effects on animal
production' of restricting their
browsing?

2. Are people, methods etc.available
for.animal protection measuresf
Are materials, labour and skills
available?

~fuat management procedures can be
adopted to induce early flowering?
(see 4a)
What materials and skills are required?

Will this time-of~planting and/or other
management factors related to the
associated agricultural crop?

1.

2.

1
2.

~~at'are the land~users habiUwith
regard to his (or others) browsing
animals?
What is the cost of protecting the
trees from animals?
What are the cost/benefits?
What are the likelihood of adoption
of these techniques? and what will
happen if they are not done?
How does this affect incentives to
plant?

Will a failure to control these end
in disaster?



5 • MATURE GROWTH PHASE AND PERIOD OF MATURITY

w
w
o
I

Socio-economic

1. Any land-user preferences?
2. What effects on the land-user

environment?

1. What does the land-user see
as his needs to "control" the
trees?

2. tVhat are the cost/benefits of
doing so?

How does this fit into social
requirements?
Market opportunities?

1. What methods are best suited?
2.·Will the land-user adopt?
3. ~fuat is cost/beneHt?

1. Does the land-user perceive
a need?

2. Will the land-user adopt?
3.vfuat is cost/benefit?

mlat timing of (possible) ope~ations

to control this?

How does this fit into the pattern of
farming operations!

2. How does this fit in with weed control
timing and methods for the agricultural
crop? . . '.

L Is necessary labour/equipment available? .1. Does the land-user perceive a
need?

2. Will the land-user adopt?
3. ~lat is cost/benefit?
4. Will there be a disaster if

he, neglects?
Does this affect the land-user/
markets.

2. How does this fit in with weed control
timing and metl10ds for the agricultural
crops? . .

3. Can advice bc;.optained?
Are the ne~e~sary skills available to
obviate this?

1. Is necessary labour/equipment available?
2. How does this fit in with weed control

timing and methods for the agricultural
crop?

1. Is necessary labour/equipment available?

Manaserial

1. Are skills/labour available to deal with
with training/pruning

2. What are the tree/crop interactions
implicit in the trees morphology!
phenology

': =.

(e) Soil management and soil conservation

(f) Pests/diseases

'. Technical

(a) ,1. What is the morphology and branching
habit?

2. What is the phenology?
- shoot dormancies and growth regulations

leaf flush/leaf-fall sequences
- flowering and fruiting cycles
- general source-sink relationships.

(b) Competitiveness (from 5(a) above)

(c) Harvestability
(single, terminal harvest/sequential
harv:es ts ?)

(d) Needs for weed control

. .

(g) Biennial bearing? (for· fruiting crops)



6. SENESCENCE AND RE-PLANTING PREPARATIONS

Technical Managerial Socia-economic

(a) What is likely time of onset of
ageing/senesen~e

What decisions have to be taken on how How will the land-user perceive
to remove trees? the need to remove trees?

(b)

(c)

(d)

(e)

Duration of this phase and effects?

Final harvest sequence/tree
removal

Pests/diseases associated with
cutting down trees (including general
and specific re-plant problems)

Land preparation for replanting

On associated agricultural crops and
farm management?

Effects on adjacent crops and
on soil

Knowledge of what to look for
available?

1. Place in whole farming programme
2. Availability of labour

1. On productivity?
2. Need for credit/help? or alternative

sources of income?

Alternative choices of how to dispose

Willingness to take care?

1. Costs '!
2. Any social implications?

(f) Crop/soil management in
transition period

Availability of labour etc.
especially for soil conservation
in this period.

1.·Willingness to adopt?
2. Any extra costs?



APPENDIX C-l2

w
POTENTIAL AGRICULTURAL AND HORTICULTURAL CROPS

To round out the lists of potential components in agroforestry systems,
this appendix presents a list of well-known agricultural and
horticultural crops along with a chart showing their range of ecological
adaptability. The list is by no means exhaustive, but it may serve
to stimulate thinking about possible components for inclusion in
agroforestry systems. This appendix supplements the lists of woody
perennials given in Appendices C-·8 and C-9.

Gen.~al I~uuping of the selected crops according to their adaptability to different ecological regiona in tbe tropics

I.ClWUNDS (UP TO 500 GI) MEDIUM ELEVATION (SOD-1200 .) JlICRUJ(l)S (UOVE 1200 .)

IpERlMtID 2SDlIHUliID - lSUBARID - lpEtUlUKID - 2SDlIIll1MID - 3SUBAIlID - lpEIUlUKID - :2SEHlHUMID - lS\l!AlUD -
SUBIflIHIl SEMIAItID PPJlARID Sli51lUKID SEMIAJl.ID PEltARlD SUllHUKID SEKIAUD PEIlAIUD

Arecanut ArecaRut eovpea Arecanut I.reeaaut Cowpea Banana Banana Cowpea
Arr_root Banana Finger .t11et Arrowroot Banana Finlcr ..illet Card_ Callaava F1nler .111et
Banana Cassaya Crouadnut BaMna Cashew Croundnut Cinchooa Caator CrClundaut
Breadfruit Castor Hung bean Breadfruit Cassava H.1ng bun Coffee Cln~hona !'lull bean
CAcao Cinna1llOn Pearl ..Ulet Clove Castor PeArl millet ~rethrua Coffee Pearl .illet
Clove Clave Pigeon pea Coffee-Bobuata Cinnl1lllOl\ Pigeon pea V.. Cavilu Pigeon pea
Coconut Coconut Sesame Canger Cowpea Sa.... Fill&er Dillet Sor&hUll
Clnpr Cowpea SorghUIB 'apaya Finger III111e t Sorghua Kahe Sweet potato
011 pal. Finger .~llet Sweet potato Pusion fruit Ginger Sweat potato !lang bean
Papaya Ginger Pepper Groundnut Pa86ion fruit
Pepper Croundnut Pineapple kapok Pearl lI111et
Piceapple tapok Rubber K.abe Pi8eOD pea
Rubber Kaize Taro Hullg bean Piaeapple
Taro Mung bean Turmeric P;;paya Potato
Turller1c Papllya Ya.. PasBlon fruit Pyrerhna
Y•• Pearl lII11let Pearl mUlet Soya bean

Pigeon pea Pigeon pea Sweet potato
Pineapple Pineapple Y••
Sesame Sesallle
Staal 51.9a1
SorghulII SorghUIII
Soya bean Soya hean
Sweet potato Swut potato
Taro Tal"o
Tunaeric Turmeric
YlllIl Yall

lpERRUP(ID - SUBHUHID: areas with 0-4 dry months and more than 1200 am ra1n per year

2SEKIHUMID - S£HIAiID: areas with 5-8 dry months and 500-1200 mm rain per year

3Sl1BAIUll - PERARID: areas with more than 9 dry IZOnths and less than 500 _ "rain per year

A month 1. considered 'dry' when the potential evapotranspiration is IlOre than the precipitation received during the 8Onth.

*Excerpted from P.K.R. Nair. 1980. Agroforestry Species: A Crop Sheets
Manual. ICRAF. Nairobi.

PREVIOUS PAGE BLANK



APPENDIX C-13

*PLANT ARRANGE~mNT CONSIDERATIONS

Considerations involved in making a preliminary decision on the location
of the various woody components of the design are discussed in Appendix C-7.
It is quite another matter, however, to decide on the actual arrangement
of the plant components within the identified locations. The first
thing to decide is whether the different plants should be grown in
combination or separately. This will depend primarily on the nature of
the interactions between the plants, i.e. whether generally adverse,
neutral or beneficial.

Two basic spatial possibilities exist: mi~d or zonal cropping (figs.
t and 2). Generally speaking, when the interactions are on ~he whole
adverse the plants should probably be separated. If, however, the
interactions are generally beneficial, the plants may be combined in space.
Mixed systems tend to maximise interaction between plants, while zonal
systems tend to reduce interaction or make it possible to regulate the
interaction more effectively. Sole cropping is regarded as an extreme
form of zonal' cropping in which interaction is reduced to what occurs at
the field boundaries.

In choosing between mixed and zonal cropping systems the following factors
should be considered.

Mixed Cropping

There 'are, undoubtedly, cases where mixed cropping of woody perennial
species and short-lived herbaceous agricultural crops will be found to
give improved yields per unit land area compared with sale cropping. Such
systems will often improve soil or microclimatic conditions, or provide
a mix or products in a special arrangement that suits the farmer. However,
improved yield responses cannot be consider~d a normal generalization,
particularly as in their adult phases most woody perennials can be considered
"agressor species"(Trenbath, 1976).

However, each case must be considered on its own merits, taking account
of both beneficial and adverse interactional effects as well as management
options for shifting the balance in a favorable direction. In some cases,
even if the land equivalent ratio is .found to be less than unity (indicating
the biological potential for higher ,yields if the components are grown
separately), there may he excellent socioeconomic or environmental reasons
for mixed cropping, such as higher returns to labour or more sustained
yields over the long term.

Examples of mixed agroforestry systems include interspersed trees on
pastures and multistorey combinations of trees, herbaceous plants and
livestock (see Appendix C-S).

Zonal Cropping

In zonal agroforestry arrangements the extent of plant-to-plant interaction
will depend on the species involved, the overall size of the land management

'*. 1 d .Contrlbuted by P.A. Hux ey an J.B. R31ntree

John M
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unit, and the size, shape and arrangement of zones within it. Plant
interactions of the same kind as are found in mixed cropping systems will
occur at the interface between zones containing different plant species,
but at a reduced level and with the possibility of greater management
control than in the more intimately mixed associations.

Zonal agroforestry systems are likely to simplify management procedures
because each zonally arranged component can be dealt with largely
as a sole-cropping enterprise within the system. At the same time,
transfer of beneficial materials (e.g. litter or lopped mulch material)
from one zone to another can be easily managed. Properly managed zonal
systems'might~ in some situations, offer the same environmental benefits
as mixed sys tems, with fe,.".er management probl.ems.

"Alley cropping" (Wilson and Kang, 1980) is one example of a promising zonal
approach in which field crops are planted between rows of closely-spaced,
nutrient-cycling (usually N-fixirig) trees or shrubs which are kept pruned
during the cropping season to control shading and provide green manure
and mulch material to benefit the associated crops. During the dry season,
the deep~rooting, vigorously coppicing trees may be managed for additional
crops of firewpod, fodder, live stakes for pole crops, etc. (Fig. 3). On
steeply sloping land, the woody hedgerows may be planted on the contour
at appropriate intervals to add a measure of erosion control to the cropping
system (Fig. 4).

Windbreaks, living fences and protein banks adjacent to pasture (see
Appendix C-S) are other examples of zonal agroforestry systems in which
the spatial arrangement of zonally segregated plant associations plays
an important role in achieving mapagement objectives. Note that, within
a given zone, plant associations might follow either a sole crop, mixed, ..
or micro~z6nal pattern.

The Time Dimension

The various components of agroforestry systems can be combined or separated
in time as well as space (Fig. 5). Planted fallows, for example, represent
a way to reap the soil-improving benefits of certain trees without the
competitive effects on crops by associating them with crops sequentially
in time, rather than simultaneously in space. Another example is the

·establishment of fodder trees :in an agrosilvicultural system with crops
and waiting until the trees are well established before replacing the
crops with pasture and. letting animals into what has now been transformed
into a silvopastoral system (see Fig. 5 in Appendix C-S). Quite complex
and efficient systems of rotation involving a phased sequence of mixed
or zonally patterned plant and animal associations are possible (see
Fig. 6 in Appendix C-5). Further aspects of the time dimension in
agroforestry designs are discussed in Appendix C-3.
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Fig. 1. Diagrammatic representation of the ways in which
vegetation can be arranged per unit of space. A) Natural
distribution or 'random' mixed cropping. B) Regulated but
still mixed or 'microzonal'. C) Zonal in plots, stips or
corridors. D) Sole cropping. Source: Huxley (1980)
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Fig. 2. Some patterns of adrJdLxture of species in agroforestry.
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II' 5«......

Year 1

Year 2

lS·SC...... ·

Year 3

Year 4

Figure 3. The leucaena-maize-yam alley cropping system developed by
Wilson at rITA. (Source: Wilson and Raintree, 1980)
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- .. C trol Bunds .~__Living Erosion on . .._

n tween ECBsAlley Cropping .e

Figure 4. . tree 1983)(Source: Ra1n ,alley cropping systemA hillside
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A

'-------------------------'
Fig. 5: Schematic presentation of the growth'phases of coconut

palm indicating possibilities for crop combinations
(Nair, 1979)

A. Early phase, up tQ about 8 years: canopy develop.
gradually, much scope for intercropping

B. Middle phase, about B-2S'yellrG: greater ground
covered by canopy, little scope for intercropping

C. Later phase, after about'25 years,' increased scopG
for intercropping. A mult1storeyed combination of
coconut, black pepper and cacao is depicted -

(Source: Nair. 1980a)



APPENDIX C-14

*NOTES ON THE MICROCLlMATIC EFFECTS AND DESIGN OF SHELTERBELTS

1. INTRODUCTION

For a long time 'the artificial protection against wind has been one
of the most noteworthy of man's efforts to improve the local climate.
Especially in wingy climates wind breaking hedges, rows of trees, as
well as fences of ~on-living materials have been used to provide
protection not only for human dwellings and livestock but also for
agricultural purposes.

A distinction is made beoJeen damage caused by storms and by winds
blowing continuously for long periods. Storm damage, caused by the
high wind speeds, has to be considered as an isolated weather
phenomenum which will not be discussed further'.

Winds which are moderate to strong but which blow continuously as
in coastal areas, on high plateaus or on mountain tops can have direct
and indirect injuricus effects on plants.

Direct effects are often obvious from deformation of the physical
appearance of the plants (inclination of trees or partial wind-ward
defoliation). The indirect effects concern mainly the water balance
of plants by placing too heavy demands on these, however the water
content and other properties of the soil will also be affected. With
increasing intensity of cultivation, soil erosion which may occur in
dry areas represents another negative effect of wind.

In order to ndnimize these effects by artificial wind protection,
extensive research on this subject has been carried out in many
countries, under different climates and by various methods. nlerefore
only the most important results will be mentioned.

2. MICROCLIMATIC EFFECTS OF SHELTE~ELTS

Trees, hedges and rows of bushes by altering the surface roughnes~,

may modify the wind field next to the ground. Depending on the shape
of the obstacle not only aerodynami(~ changes will occur but also other
characteristics of the microclimate may be affected.

The G~assification of the influence of a shelterbelt on these other
microcli.matic parameters as favourable or unfavourable, will depend·
entirely on the local conditions. For example a low wind-speed is
usually advantageous for the water balance of the soil, but not in
wet areas, and not when ripe but still moist crops must dry at
harvest time, where increased evaporation would be desirable.

2.1 AERODYNAMIC EFFECTS OF SHELTERBELTS

A shelterbelt orientated at, a right angle to the prevailing wind,
reduces wind velocity on both windward and the leeward sides. ,The
extent to which a single shelterbelt can reduce the windspeed
depends on:

the height, the length, and the width of the shelter
the permeability of the shelter
the windspeed
the cross sectional. shape of the belt.

*Contributed by T. Darnhofer with P.J. Robinson.
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The protective effect is always a function of the distance from the
shclterbelt.

The following figure (1) illustrates the shelter effect of shelter
belts of various permeabilities. for winds blowing at right angle to
them (after Nagli 1946).

ISI , .Q n n
Multllll~ of sbcftc:dlcll belr,IU

.~_.-L__...L__-'-__'--_-...L__-t..__......_ .......

." J

1ft.....-~~=:;=:~~-.....---,.--==::;'!"l".;;.~="
c:
§.
~ It..--....--"l.

.!l

1"
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"IS
I Hr-.--f--

d!

Fig. 1 The effect of a shelterbelt as a function of it3
permeability.

In all cases the protective effect is substantially greater downwind
than upward. Investigations have shown that the effect in depth is
approximately proportional to the height "h" of the shelterbelt and the
windspeed "v". Distances "x" in front of the shelterbelt (-) or
(+) are therefore "expressed in units of "h". A 10% reduction in the
wind velocity is obtained at a distance of 20 times the tree height
to the lee (x=+20h) and three times the tree height to the windward
(x=-3h). The lower the permeability of the barrier. the greater the
amount of shelter immediately behind it. but the amount of effect is
less. Together with the shape of the cross section of the shelterbelt.
the density will have an influence on the development of turbulences·
behind the belt which can be harmful to the plants.

According to different authors (Jensen 1954, Blenk 1956, Gloyne 1954)
the most favourable practical results are obtained with a permeability
of 40% to 50% as shown by the following table.

Windspeed as % of that Belt "density in 7- Distance in "h"
in the open

807- 30% 12 h
80% 50% 27 h
80% 100% 15 h
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Wind tunnel experiments (v. Eimern 1957) have shown that the shape
and the arrangement of gaps in the shelter are without significance;
however when permeability is variable it is better if it increases
·from below upward. The extent to which areas experience different
windspeeds in the lee of a shelterbelt depends also on its length.
It has been found (Caborn 1957) that a length 12 times the height
of the windbreak is required to obtain maximum shelter effect in the
centre of the protected area when winds are perpendi.cular to the
barrier. To obtain the full potential of protection with winds
varying in direction the length of the shelterbelt would have to be
increased. However, the permeability of the windbreak is likely to
change with winds blowing from different angles, thus again having
an influence on the shelter effects. .

A double effect of any single shelterbelt can be recognised; trunks
branches or leaves reduce wind velocity by friction, but at the same
time the cross section of the stream narrows as the air enters the
shelterbelt and this increase the speed. It therefore appears that
the braking effect is delayed and greater windspeeds may be experienced
to the lee of the gaps in and close to the belt.

Figure 2 shows the spatial distribution of windspeeds in the vicinity
of a shelterbelt, as percentage of the speed in the open.

,It, IO\" .fh

t1' \41..TI Pl.ES
tOt\, Uk. !to"

SHEJ..TE~8£l.T Ht:lCiH.T
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2.2. SOLAR RADIATION

The radiation balance is modified by the shadows created by the
shelterbelt. The loss of incoming global radiation·depends on the
orientation of the barrier as well as on the seaon but is restricted
to the immediate vicinity of the trees. Measurements by Dirmhirm
(1953) have sqown global radiation to be about 95% of undisturbed
radiation at a distance of 2 h of the shelterbelt.

2 •3 TEMPERATURE

As the temperature depends on various factors such as the radiation
properties of the soil and the vegetation, thermal conductivity heat
capacity and wetness of the ground, evaporation, air humidity and
wind, it is very difficult to attribute one or the other effect
qualitatively and quantitatively to changes in the temperature patterns
near shelterbelts.

Under windy conditions soil and air temperatures are generally reported
(Caborn 1957, Marshall 1967, etc.) to be higher in sheltered sites
during day time and lower a t night times. Al though the mean temperature ..
might not be significantly different in the field of influence of a .
shelterbelt compared to the open, the change in the diurnal variation
can affect plant growth considerably. An evaluation of the effects of
temperature changes will largely depend on plant physiological
characteristics.

2.4 PRECIPITATION

Atmospheric precipitation over a large area cannot be expected to be
altered by shelterbelts in terms of the over all amount, but together
with aerodynamic and other microclimatic effects the local distribution
can be changed.

2.4.1 Rainfall

Some mention that the lower air speed in the field of influence of a
she1terbelt favours abnosphericprecipitation thus improving the water
balance. Various measurements have shown that the rainfall distribution
at a shelterbel t depends to a large extent on the type of rainfall
(heavy or light rains) and on the wind during the rainfall. While
light raindrops will preferentially drop in the zone of minimum wind
velocity around the barrier, the distribution of heavy rains will not
be modified significantly except with strong winds and this again will
depend on the wind direction. .

Depending on the affi~unt of rainfall, the size of droplets and the wind
speed, the interception by the tree and/or shrub canopy will modify
the water balance within the area of influence of the shelterbelt".

2.4.2 Solid precipitation

As any light particle suspended in the air will tend to be deposited
in the zone of minimum windspeed, snow and sand will accumulate near
windbreaks.· In many regions this effect is used for protection of roads
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against snow and sand drifts. (Snow deposits will of course change the
water balance and other microc1imatic parameters considerably).

2.4.3 Dew

Since windspeed is reduced by shelterbelts, air humidity is reported
to be higher, and as the radiation balance is modified an influence
on the dewfall can be expected. Measurements have actually shown .
considerable increases (up to 300%) of dewfal1 in the lee or shelter
belts at a distance of 2 to 3 times the barrier height, when winds
were moderate. \~ether the quantities of dew, estimated to be an
order of magnitude smaller than potential evaporation, can contribute
substantially to the water balance, is a subject of some controversy
(Monteith 1973, Rosenberg 1974). .

2.5 EVAPORATION

Physically the evaporation process (E) can be divided into a radiation
(Er ) and a ventilation (E ) fraction (G. Hofmann 1955).

. v
E = E + Er v

This shows the close relation between evaporation and wind, given
similar radiation conditions. The reduction in evaporation is often
considered to be one ot the most important results of shelterbe1ts.
Early measurements with Piche evaporimeters (Bates 1911) have
indicated reductions in the evaporation of up to 60% of its open air
value at wiridspeeds of 6.5 m/s. Measurements of tank evaporation,
which is more representative in terms of potential evaporation, have
found reduction in evaporation averaging less than 5% (Staple and
Lehane 1955). Evaporation has been found to be only slightly affected
when windspeeds are low and soils are dry (Alisov 1956). Due to
increased daytime temperatures even an increase in evaporation
(compared to the open) was reported in an extreme case (Ko1asew 1941).

3. EFFECTS ·ON YIELD

An evaluation of the influence· on crop yield caused by an artificial
wind protection system will have to take into consideration not only
the rather complex effects of a shelterbelt on the micro-climate but
also:

root competition in the vicinity of the shelterbelt

the sensitivity of th:e crop plants to mechanical stress
(inves'tigations by Russel 1979 have shown that mechanical stress
caused by wind can influence 'plant development) ' ..

the complex effects of she1terbe1ts on plant development
and plant deseases caused by insects, birds and other wind
and soilborn pests.
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Therefore the over-all effect on a crop yield will vary according to
the prevalence of strong winds. rainfall distribution, temperature
regime and the kind of crops. as well as the structure and design of
the shelterbelt itself.

However. shelterbelts are usually considered to be beneficial to plant
growth particularly in areas of strong winds and in areas where erosion
or moisture due to snow trapping are important factors. With reference
to the a\>ove, indications on the overall beneficial effects of shelter
belts vary greatly:

60% to 7% increase of alfalfa yield in South Dakota (Bates 1944)

30% increase of wheat yield in the USSR (Goverkiantz 1935)

7% to 18% increase on various crops in Denmark (Jansen 1954)

Fournier d'Albe (1958) considers 207. as a reasonable average for a
yield increase, resulting from shelterbelt effects in areas with
strong winds •.However. all these investigations have been made in
temperate climate zones and transfer of these results to tropical zones
is subject to reservations. A review by Stoeckler (1965) classifies the
response of various crops to shelterbelts into three groups:

Low response: Drought hardy grains. maize varieties grown under
dry fa~ing conditions

Medium response: Rice, fodder crops as alfalfa, lupine clover,
wheat

High response: Garden crops, tobacco, tea

4. EFFECTS ON SOIL EROSION

4.1 WIND EROSION

Wind can transport sand and other solid particles not only along the
ground. but can lift and transport them away provided its speed is
high enough and the particles are small enough. Especially in intensively
cultivated areas, serious losses of fertile top-soil through wind
erosion have been observed during the dry seasonS. As shelterbelts
reduce windspeed they necessarily will alleviate the wind erosion
problem. For instance tizuka (1950) reported that a windbreak that
provided a 39% reduction of windspeed at a distance x = 10 h showed only
0.17. sand movement in comparison with that in the open; at a distance
x = 20 h sand movement was reduced to 187.. It has to be mentioned that
in certain regionsshelterbelts are mainly designed and established to
protect against soil erosion and thus·to help maintain soil fertility
and long term yields.
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4.2. WATER EROSION

Besides the wind, water is the other factor primarily responsible
for the erosion process. In this respect trees and shelterbelts
can reduce:

splash erosion by reducing the 51ze and the ene.rgy of raindrops
in their immediate vicinity

flowing wat<.:r erosion on slopes by decreasing the drainage
speed ond by increasing the infiltration

solifluction, by stabilizing slopes mecha.nically through
their roots and by improving at the: same time t.he waterbalance.

Shelterhelts estnblished on slopes therefore will have to folloW'
contour lines ra.ther than be oriented in accordance with the
prevailing winds.

5. SHELl'ERBELT PA1"rf~!lNS

In the previous chapters reference was ah,'uys made to singl.e
windbreaks. Bigger areas however are protecte.d by a number of
successive sheltcrbel ts. ~Jindbreaks es tab lished at equal distances
one behind the other, thus incre:lsing the roughness of the land~

have been s.ho....n. by expeci.enc:e., to have a SUbstantially more favourable
effect than might be expected from individual belts (Kaiser 1959)
hut this effec t. does not I~xtend ve.ry far lce\.;ard of the shel terbel t
system.

A much more favourable design 1S that: of a network of shelterbelts
perpendicular to each other in which the orientation of the bel ts
is important only if the ground is not level. In this case. the shelte
effect is more uniform" at least near the centre of the. network.
Fig 3.• illustrates an arrangen:~~r.t proposed by H. Woelfle (1.938) which
has proven its. vulue in. the Upper Rhone VLllley .

f>fC'V~I.!II'it
......--~ '...ind

..Iv d'fi"CctE~':tr..:.,..-

Fig. 3. Hind protf:.·ction on t.he Woelfle plan

BEST AVA I:"ADL£ COpy
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The hatched strip shows the network, consisting of a mixed stand
50 m wide and 15 m high. The area inside is subdivided by hedges
5 m high, that can perform secondary functions such as fencing of
cattle and production of firewood.

For practical purposes, it would be useful to know about the optimum
distance between two or more shelterbelts or about the best size of
a network patterned shelter system, but it is not possible to give
generally valid specifications. Too many factors are involved, such
as the n~ture of the shelterbelt, frequently distribution of wind
directions and speeds~ topography of the area, local features etc.
It also would be impossible to devise experiments such that local
results would yield general conclusions.

6. CONSIDERATIONS FOR SHELTERBELT DESIGN

When approaching the complicated task of designing an effective
shelterbelt, it should be known what is supposed to be protected
and improved. It is only then that research for an answer on how
this can be achieved will be successful. Furthermore protection
against wind should not be understood merely as a wind problem but also
as a problem of modifying the environment. Thus it becomes associated
with many ecological factors which have to be considered when planning
an effective shelterbelt system. Although the general principles of
choosing productive components and management practices can be applied,
there is no substitute for a thorough site specific design effort at each
individual site. In the following, an attempt is made to list the most
important considerations to be taken into account:

6.1 PHYSICAL FEATURES

6.1.1 Climatology

With reference to Sec. 2 it is evident that prior to a wind-break
design exercise a thorough climatological survey of the area under
consideration should ideally be carried out.

This should include:

the natural distribution in time and space of wind speed and
directions as a function of the general wind regime

The rainfall distribution in time and its quantity

Indications on the other climatological parameters such as
temperature, air and soil moisture, radiation and evaporation

In many cases, where detailed data is not available, this will require
measurements on the site, well in advance. Once the preliminary
climatic survey achieved and a shelterbelt design is proposed, an.
assessment of how it may modify the microclimate should be made.
However, to which the extent the climatological assessment can be
carried out and be justified. will depend largely on economic
considerations.
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6.1.2 Topography

If the ground is not flat it will be necessary to carry out a survey
of the topography of the area.

6. L 3 Soils

An inventory of the soil types is required for an assessment of soil
moisture, fertility and erosion problems, as well as the selection
of tree species and agricultural crop plants.

6.1.4 Hydrology

Knowledge of surface and groundwater conditions will prove to be
useful particularly in wet areas but also in order to estimate
availability of water for plant growth.

6.2 ECOLOGICAL CONSIDERATIONS

6.2.1 Preliminary Considerations

As indicated above, prior to the design of a shelterbelt system
it has to be decided what is going to be protected:

Human settlements:

Livestock:

Agricultural ·crops:

In windy areas most of the human habita
tions are protected against wind by fences
made either out of dead or living materials.
These fences are often not considered as
shelterbelts but their integration in a
wind prote~tion system is worth considering.

Shelterbelts can improve stock farming by
provid1ng shad~ shelter against ·wind,
increased fodder production and fencing.
The choice of the animals, cattle, sheep or
goats and their number can affect the design
patterns of a shelterbelt system.

In most cases shelterbelts are established
to improve the growing conditions of
agricultural crops, in order to increase the
yield. The characteristics of the
agricultural crops which are intended to be
grown under the protection of a shelterbelt,
should be known in as much detail as possible.
Their size, the growing periods, their
sensitivity, to the various climatic factors,
will have to be taken into account in the
design of the shelterbelt. Eventually
biological interactions (pollinating insects,
insect and bird pests, root competition etc.)
will help to choose appropriate tree and
hedge species.
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Planning of the Shelterbelt

Based en the results of the physical survey and the site specific
considerations, the design of the shelterbelt system can be approached
by finding appropriate answers to the following questions:

Which Pattern will meet the requirements best?

a simple windbreak

a system of several successive shelterbelts

a network system either with or without secondary hedge rows.

does the topographic, site spedfic situation impose particular
orientations or patterns%

"What will be the most appropriate spacing distance between the windbreaks?

This will depend in particular on:

the height of crops to b~ protected

the height of the shelterbelt

the degree of protection required (e.g. as a function of the wind
speed in the open).

the permeability of theshelterbelt

Choice of tree species for the shelterbelt

Depending on the height and the width, good shelterbelts often need
two or three layers of trees, incorporating different tree species
chosen for their combined ability to meet the defined requirements
of wind firmness and permeability.

It is obvious that the species considered must be able to grow
under site specific climatic conditions.

AttentiQn must be paid to the vegetative seasonal cycles of the
species chosen (if not species with permanent foliage), to
coincide with those of the agricultural crop to be protected, as
permeability is strongly dependent on this. In the same respect,
one should know that wi th some tree species the penetrability is a
function of the windspeed.

Referring to the general productivity requirements and the site specific
situat~?n,. "multipurpose" trees and hedges will be advantageous.

Favourable characteristic would include the ability to:

grow fast

improve soil fertility

provide human food

provide fodder

produce fuelwood or timber
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The negative effects, such as fungi, bird and insect pests have to
be considered, and an effort should be made to reduce them as much
as possible.

It is certainly true that the "perfect" shelterbelt tree, meeting
aZl requirements does not exist, but it must be the aim to incorporate
a maximum of pro~erties considered beneficial.

6.3 MANAGEMENT

It is evident that a shelterbclt system is supposed to be a permanent
feature of the land use system or at least on the land for a rather
long period. Therefore the design exercise should include appropriate
management proposals.

Considerations in the initial phase include:

the preparation of the land

the planting of the trees and hedges (direct sowing or transplanting)

provisions to assure the growth of the young plants (including
eventual replacement)

an economic but adapted ,land use until the shelter has reached its
normal size.

Once the shelterbelt has reached its optimal shape provisions have to
be made to maintain its shape and its shelter effects (thinning out
and replanting in rotations, pruning etc.). As a t:1ell designed wind
break, will not only provide shelter but will produce, this production
as well has to be taken into account in the management strategy.

7. CONCLUSIONS

It is evident that a shelterbelt system, by virtue of its components
and aims, can be considered a type of agroforestry landuse system.
Therefore it appears to be logical to apply agroforestry principles
and methodologies to any problems concerning artificial protection
against wind. Accordingly the request for a shelterbelt design should
only be the result of a problem oriented diagnostic approach to the
specific land use system. With reference to the complexity of the matter,
this will normally require inputs from a multidisciplinary team of
specialis ts throughout the different phases, from the preliminary
diagnosis right through to the evaluation of an implemented system.
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APPENDIX C-l5

EX M~TE ECONOMIC EVALUATION

1. INTRODUCTION

To give a detailed account of the why and how of economic analysis
of candidate A.F. systems/technologies may be a bit too ambitious
for an appendix. Fortunately it is not necessary, because most of
what applies to the economic analysis of other land use systems
applie~ equally to A.F. and has been well documented •. Appropria~e

references in this content are Gittinger's "Economic Analysis of
Agricultural Projects" (1982.) ~nd F.A.Ors "Economic Analysis of
Forestry Projects" (1979 ).

The purpose of this appendix is, therefore, to give broad guidelines
on this subject matter, which would help make the aforementioned text
books more accessible to analysts who want to carry out ex ante
economic analysis of candidate A.F. systems/technologies.

2. WHY AND HOW

An ex-ante economic analysis of candidate A.F. systems/technologies
is carried out to influence the technology design so as to get some
sort of assurance that the proposed A.F. system/technology is feasible
and beneficiaL

The methods and procedures are contained in what is usually referred
to as ppoject analysis~ which has financial and eaorwm~a aspects.

Financial aspects of project preparation and analysis deal with
projecting and evaluating the effects of an intervention on the
various project participants, i.e. farmers, project agencies,
national treasury.

The economic aspec ts, on the other hand , deal wi th evaluating· ..
the use of scarce resources required for the intervention from a .
society's point of view.

Although usually hampered by lack of data, it is still useful to
attempt some of these analyses at this early stage of technology
development. It would be unrealistic, however,; to conduct the analysis
in the same amount of detail for research projects as for preparation
and analyses of development projects. As a rough rule of thumb it is
suggested that technologies whose main beneficiaries·are individuals
should be subjected to the financial type of analysis, while
technologies whose main objective is conservation/sustainability of .
whole areas which society 3$a whole ""ill benefit in the future,
should be subjected to the ecmtomia type of analysis.

*Contributed by D.A. Hoekstra.

PREVIOUS PAGE BLANK
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Because ICRAF's D&D exercises have, so far t mainly resulted in research
proposals of A.F. technologies directly benefiting individuals,
emphasis in this appendix has been put OIl the financial aspects of
project analysis in which the farmer's view point is central.

3. EVALUATION OF ~~DIDATE A.F. SYSTEMS/TECHNOLOGIES FROM A FARMER'S
POINT OF VIEW

To evaluate whether or not a candidate technology will become feasible
and beneficiary to the farmers, it is important to look into the
following questions:-

i) Is the technology making the best use of the farm's resources?

ii) Is the technology feasible, given the farm's labour availability
(amount, seasonal distribution, management skills)?

iii) Is the technology feasible, given the farm's available capital
resources (own as well as borrowing potential)?

iv) What are the risks involved with the introduction of the
technology?

The following step wise approach is suggested to find answers to
these questions.

Step 1. Dete1'17line the type of inputs and outputs required for the
introduction of the technology and pZot them on a time scaz,e.

Step 2. Quantity these inputs and outputs in physical terms on a per
unit area basis.

Labour inputs should be broken down by activity (establishment,
maintenance. harvesting), type (adult male or female, children) and
likely source (family, hired, community).

Material inputs may be broken down in type (planting material,
fertilizers, agricultural chemicals, water, tools veterinary services,
fodder, equipment~ breeding stock etc) and source (farm produced.
purchased or hired, other sources).

Step 3. Determine the l-ikeZy scale at which trw technology tJill be
introduced into a farming system..

To find an answer to this question a farm planning exercise has to
be conducted, which requires step 4 (labour analysis) and step 5 (cash
flow analysis) to be carried out simultaneously.

To get a first approximation of the level at which an A.F. technology
may be introduced it is useful to clearly understand the purpose of the
technology. t1any service oriented ones are site specific and therefore
self explanatory in terms of scale (acreage), e.g. shelterbelts, fencing,
grazing area improvement, conservation measures in the cropland etc.
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Scaling of technologies .which are more produot oriented, requires
information on whether the product will be. used to satisfy household
requirements and/or will be produced for cash sale.

If the farmer's only objective, is to satisfy th~ household needs,
the analyst has to obtain an estimate of the physical quantity
required e.g. annual fuelwood requirements for cooking. The scale
of the technology can then be computed by dividing such annual
quantities by the per unit area production.

If the farmer intends to sell all or part of the products for cash,
a first approximation of scale depends on the analyst's judgement of
the marketing potentials' and relative profitability of the technology
in comparison with other cash generating farm activities.

In practice such a scaling exercise may become more complicated because
of the often multipurpose nature of agroforestry technology, i.e. trees
combine productive and sustainability (service) functions. Another
factor to consider in such a scaling exercise is whether or not other
non-agroforestry technologies are being considered to satisfy the same
need.

The end result of this first attempt at scaling the A.F. technology
into the farming system will be referred to as the pLan in step 4 and
5.

Step 4. Subject the plan to a laboup anal.ysis•.

A.F. technologies may be grouped into 2 categories for this analysis:-

i) Those which intend to replace an existing land use system/farm
activity.

ii)Those which are complimentary in terms of land utilized.

The labour analysis of the first group may be started on a partial. basi8~

by comparing amount, type and timing of labour between the new A.F.
technology and the existing technologies/activities. In case little
difference is found in labour utilization, no further analysis i13 required.
When there are substantial labour savings, or alternatively, increased
labour demands, presentjpotential use of such labour should be examined
If there{s no use for the saved labour (on or off-farm), or if additional
labour can be hired relatively easy, the analysis may be completed by
indicating either the amount of labour saved or the amount of labour
which has to be hired.

If the labour saved by the introduction of the new technology can be
utilized (on or off-farm) the analyst should indicate how and when
(see also cost benefit analysis). If the extra labour for the introduction
of the technology cannot be hired the analyst has a number of options
(not mutually exclusive).
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i) Check if a gradual phasing of the technology into the system
would alleviate the labour constraints (importantw~en

establishment labour requirements are high).

ii) Reduce the scale at which the technology was originally
conceived (step 3). TIlis may be realistic when the
technology's produce is mainly for sale. In case most
of the produce is for home consumption or the technology
performs an essential service function it may be less
feasible.

iii) Indicate the change(s) in composition/management of existing
activities (on or off-farm) in order to provide the necessary
labour. Such an exercise would require a whole farm labour
budget.

iv) Ask technicians to redesign the technology.

With the sec9nd group of technologies, con~limentary in terms of
land use, the analyst needs a whole farm labour budget of the
present farming system, to judge whether or not labour for this
activity is available. If not, the 4 options as spelled out in the
previous paragraphs apply.

Step 5. Subject the plan to a cash flow analysis.

To determine whether or not the plan is feasible from a financial
point of view, it is important to check whether or not the hired
labour requirements (step 4) and the material' inputs (step 2) can
in fact be financed by the resources available to the farmer.

Such an analysis requires first of all information on the market
prices of all cash inputs and the outputs sold.

Once these have been obtained, a cash cost profile of the technology
can be computed by multiplying quantities of purchased/hired inputs
by their market prices.

This cash cost profile has to be complimented with the cash bene·fit
profile, by multiplying sold outputs by their price.

A similar procedure as in the previously explained labour analysis
can .then be followed to determine whether sufficient cash is raised
within the whole farm system or credit facilities are available at
the right time so as to be· able to purchase the necessary inputs.
If this is not the case, the analyst has again the same 4 options
i.e. phasing, scaling, altering existing farm plan or ask for a
redesign of the technology.

Step 6. Cost ben.efit or farm investment analysis.

This analysis is carried out to determine whether or not a new or
improved technology leads to a better use of farm resources.
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The with and without project comparison is commonly used for such
an analysis.

The analysis may be partial or whole farm in nature. The great
advantage of the whole farm approach, is that it does not require the
analyst to compute opportunity prices for his own farm resources,
because the combined opportunity returns o£ such resources are the
production value minus the cost of all non farm resources in the
~thout project situation. 1£ the use of own farm resources in the
with project situation is in fact larger than in the without situation,
Le. using previously idle resources, the opportunity cost of such
resources is implicitly priced at zero, since no income is forgone.
The analyst should insure however that a farmer is prepared to put
these previously idle resources to productive use.

The disadvantage of the whole farm approach is that the analyst is
required to work out a whole farm plan for the with project situation,
which is a rather time consuming activity, even though a computerised
technique like linear programming may be used.

For the benefit of those analysts who prefer to use partial budgeting
but realise that the introduction of the technology requires re
allocation of farm resources in the with project situation (see step 4
and 5) some guidelines are provided with regard to valuation of those
resources and outputs according to the opportunity eost principle.

Valuation of inputs

Because the with and without comparison aims at determining
the incremental net benl;:fits, the analyst needs not to value
those inputs·~hich remain the same in the with and without
situation. Because manyA.F. technologies are in fact
alternative uses of land, there is no need to incorporate
land cost into the comparison since it would be cancelled out.
If the with technology situation does in fact require more land
than the without situation the cost of such land is determined
by its contribution to production in the without situation.
In case sueh additional land was not utilized previously, it
would be equal to zero. If it was ut(lized, its cost would be
the per unit area total production value minus all cost except
land cost. In case the addit~onal lend has to be rented, the
rent paid is used to value the land.

Valuation of incremental or saved "lahour also depends on its
potential for other uses. If there were no al~ernative use,
including off-farm employment, opportunity cost would be equal
to zero. If the saved/incremental labour would be used at the
expense of off-farm employment the opportunity cost of lapour would
be the net wage received. If the. saved/incremental labour
would be withdrawn from alternative agricultural activities,
the opportunity cost of labour would be the production value of
the alternative use minus all costs except labour divided by the
total amount of labour units used. To avoid elaborate
calculations analysts often use 50-75% of the going market price
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of labour as opportunity cost of family labour in the off
season and 125% of the market price in the peak season.
Additional hired labour is v~lued at the market price.

Valuation of outputs

Market prices may be used for all outputs sold, but the
opportunity price principle should be used for those outputs
which are consumed on the farm.

. .
For those outputs consumed .by the family, for which a local"
market does exist, the market price may be used as the
appropriate opportunity price on condition that the·farmers
do have cash to buy them. If not, which may be frequently
the case, or if the local market in fact does not ensure
a proper supply throughout the year, the opportunity price
will have to be put substantially above the market priee.

Certain 'outputs of A.F. technologies are achieved by saving
inputs necessary to obtain a certain quantity of a commodity
e.g.fuelwood planting for home consumption to replace
fuelwood collection. Other outputs of A.F. technologies come
indirectly through the non-tree component in the system, e.g.
sustained yields of annual crops through conservation oriented
technologies; improved performance of cattle by providing shade
in grazing land, etc.

A special Gategory of outputs are intermediate products like
fodder. IJ there is a ready market, accessible to the farmer,
market prices may be used .. or computed on the basis of for
example nutrients content. However in most instances it
would ~e more appropriate not to value such inputs at this
intermediate stage, but to measure their contribution in terms
of livestock production.

Once costs and benefits have been determined, the analyst can undertake
a cost benefit analysis using disaounting principles to value future
costs and benefits: A number of measures of technology worth have
been developed to judge the viability of new technologies.

i) Present value costs (P.V.C.J, which is the discounted value of
all yearly costs. This measure is used to compare alternative
technologies/systems which have the same benefits but a different
cost structure, also referred to as least cost anaZysis. A
technology is viable. if at the chosen discount rate, the
discounted costs are lower in the with than without situation.

ii) Net present value or worth (N.P.V.), which is the discounted
value. of all yearly beneH ts minus costs. This measure is
used to compare alternative technologies/systems with
different flows of costs and benefits. It is usually expressed
per unit of land. However. in case the analyst is quite sure
about the scarcity (opportunity cost) of some of the other
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production factors, e.g. labour, it is also possible to express
the net present value (N.P.V.) per unit of labour or any other
factor (note that in such case the opportunity cost of labour
should not be included in the cost flow). A technology is
viable, if ata chosen discount rate, the N.P.V. of the
with is higher than the N.P.V. of the without. If the
incremental approach is taken the N.P.V. should be larger than
zero.

iii) . Net benefit increase (N.B.I.), which is the present value of
the incremental net benefits after financing with the project,
divided by the present value of the net benefits after financing
without the project, expressed in percentage terms. This
measure is used tJhenever the farm's own capi tal inputs are .low.

iv) Internal rate of returns (I.R.R.), which is the discount rate
at which the incremental N.P.V. = O. This measure is also
used to compare alternative technologies/systems with different
flows of costs and benefits. However it is less usefull when
the net benefit flow has no negative value or when the rate
is higher than 50% or when comparing mutually exclusive alternatives.

Step 7. Sensitivity anaZys-is

This analysis deals with risk and uncertainty, i.e. what will happen
to the attractiveness of the technology (expressed in one of the
aforementioned measures) if some of the assumptions with regard to.
quantities, prices. timing or discount rates change. No doubt this
analysis is very important at the technology development stage since
it tests the robusness of the candidate technology.

The te~hniques for the sensitivity analysis is simply re-calculating
the measure of te~hnology worth under the revised assumption(s). .

A very useful variant of this analysis is the s~itohing value or
break elJen point. Such as analysis answers the question, how much
an element would have to change before the technology would no longer
meet the minimum level of acceptability as indicated by one of
the measures of t'echnoZogy ~orth.

4. EVALUATION OF CANDIDATE A.F. TECHNOLOGIE,S/SYSTEMS FROM A
SOCIETAL POINT OF VIEW

Looking at A.F. technologies/systems from the point of view of the
use of scarce resources and the objectives of society as a whole
requires a second look at:-

i) The type of benefits and costs to be considered.

ii) The valuation of benefits and costs.

In the financial type of analysis only those benefits and costs are
considered which are received/bourne by the one from whose point of
view the analysis is conducted. Only by doing a financial analysis
for different project participants will it be possible to obtain a
picture of all direct costs and benefits. For example a financial
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analysis of a taungya system may be conducted both from the forestry
service's point of view as well as from the farmer's point of view.
In the forestry analysis, labour provided free of charge by the
farmers to establish, maintain and harvest the forest trees, as well
as the agriculture produce belonging to the farmers need not to be
considered in the "with" project situation. In the farmer's analysis
on the other hand, the labour provided free of charge to the forestry
service are part of the cost of producing the agricultural crops,
while forest products are not considered. In an economic analysis
all direct costs and benefits are considered irrespective as to who will
be the beneficiaries or who will be responsible for the costs.

Besides considering all direct costs and benefits, economic analysis
also tries to incorporate all secondary costs and benefits as well as
the intangibl,e costs and benefits.

Secondary costs, and benefits may be viewed as costs and benefits which
arise outside the project, but are a result of the project. Of
particular imp?rtance with regard to agroforestry are so called
technological spil"love~ or technological, externalities in the form
of positive or negative environmental impacts. An example of a positive
environmental impact are soil and water conservation in the upper
parts of a watershed benefitting the lower regions. An example of a
potential negative environmental impact is an increase in birds
harmful to crops. Most of these secondary cost and benefits.
Analysts may however find it difficult to make appropriate quantitative
estimates.

Intangible costs and benefits are often related to specific government
policies other than increasing the gross nationaZ income, e.g. creation
of employment, income redistribution. Such objectives usually become
part of a so-called social, cost ber£fit analysis.

Quantification and valuation of such costs and benefits is rather
difficult and most analysLs therefore apply a least cost analysis.
MUlti criteria methods may also be used to analyse candidate technologies.

Valuation of all cpsts and benefits for an economic evaluation is based
on the value of inputs and outputs in alternative uses in the society,
i.e. shadaw pricing. Financial prices are the starting point for
revaluation of inputs and outputs for the economic analysis.
Adjustments should be made for transfer payments (subsidies, taxes),
price of foreign exchange and price distortions caused by government
policies. . .
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APPENDIX D-l

*EXPEKIlli:NTAL APPROACHES

Once we have evaluated the systems we are dealing with, and have
identified problems that require investigation, how do we set about
formulating a research programme? Clearly there is a vast accumulation
of working material which forms the basis for thinking about the management
of land under any kind of plant or plant/animal associations. However,
not al1'of it is in a form appropriate to the extended time frame and
complex spatial'arrangements which we find in agroforestry systems. A
new set,of sound field research tactics needs to be worked out if
resources are not to be squandered.

It may be possible to utilize existing woody plant stands and association's
(survey and simulation techniques), and this might be an advantage.
Otherwise field experiments will start with newly-planted woody species,
bearing in mind that it may take many years before these reach their mature
phase (conventional fully-randomized or randomised block designs, or
systematic designs may be useful here). What has been barely-explored to
date is the relative cost/effectiveness of these different approaches with
regard to agro{orestry.

1. EXPERU1ENTS WITH EXISTING VEGETATION

Multivariate Techniques

One interesting approach which i.s now being tried is that of "simulation"
(Cldeman, 1978), and the method is particularly appropriate to
transforming forested areas with multi-layered canopies. With the aid of
transects, and by describing the architecture and age structures of the
vegetation, opportunities are identified for replacing specific components
with more productive ones. Sampling of existi.ng mature trees or stands.
around which appropriate agricultural crops can be introduced, can be used
with ~ppropriate multivariate analysis techniques to look at the crop
environment interactions. Ecologists have been using such methods for many
decades to discover facts about the association of different plant species
in natural stands.

}~difica~ion can be made to, existing plant associations so as to obtain
more .relevant data if this is required. For example, where there is an
existing stand of a multi-purpose tree species small plots of agricultural
crops could be sown around it so as to obtain information about the
interactions between the two kinds of plants. Indeed, this technique
could be combined with that of using simple systematic designs (for the
agricultural crop) so as to obtain even more information

2. EXPERIMENTS WITH NEWLY EST~~LISHED PLANTS

The Heuristic Approach

In the first place it is possible, of course, to put together past
experience with trees and agricultural crops and lay down what might be
termed "suck-it-and-see" trials of possible agroforestry systems. Such a

#tAdapted from P.A. Huxley. 19-80. The need for agroforestry and special
considerations regarding field research; and P.A. Huxley. 1980. Experimental
work with trees and shrubs for use in agroforestry systems. (in-house working
papers) ICRAF. Nairobi. (mimeo)
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speculative approach has in the past. undoubtedly helped in the development
of agriculture and forestry. and intuitive jumps by clever and
experienced'people are not to be despised. Experiments of this type may
be useful in initial explorations leading to the development of prototype
agrofores try systems based on "notional technologies". Under certain'
circumstances experimental trials of such systems might be carried out
on farmer's fields to obtain crucial early feedback on thefarmers'perception
and evaluation of the new technology. In this connection. one should
not overlook the opportunity to benefit from the farmers' suggestions
on how the technology might be modified so as to fit better into his'
farming system~ Such feedback, received early in the development ofa
new technology, can help make more cost-effective use of limited research
resources. If. ho~ever. the notional technology or prototype agroforestry
system is too undeveloped to take out on farm trials (see Step 19
for a discussion of relevant decision criteria). then one might begin with
heuristic "observation trials" undertaken under research station
conditions. ~~ile the heuristic approach to development and study of
prototype "technology packages" may be useful. it will always be necessary
to undertake· other experiments of a more systematic and controlled nature.
Some possible approaches to this complementary kind of research are
evaluated below.

Randomized Block Designs

Conventional designs for field experiments. e.g. randomized block lay-outs.
are robust. easily laid out and not too difficult to manage. They can.
however. take upa very large amount of space if the plots are unduely
enlarged. as they must be to accomnlodate a mixed crop of woody and
herbeceous species. Furthermore. the proportion of space actually
occupied by-experimental plants will be quite small with tree crops, even
if only.sil)gle guard rows are used externally and shared between plots
internally; for example, only about 56% with 36 l2-tree plots arranged
in a block 6 x 6, diminishing to 21% for single tree plots in the same
lay-out. With double guard rows a 36-plot block with 9 plants per plot
will utilize. only 32%. of the total area of the experiment. . .

To avoid bias the lateral light profile at the edge of plots should be
no different from the verticE.: profile .. in the middle of them. To
achieve this in mixed cropping experiments conducted at different plant
spacings a gua~d·area roughly equal in width to the height of the canopy
may be needed. And, if this is found necessary. the conventional designs
become even more wasteful of space.

Finally~ if the number of experimental variables and the levels of each
in factorially arranged experiments are not kept within bounds the
number of treatments soon becomes unmanageable. For example. an experiment
with only four spacing treatments. three levels of N~ three levels of P .
and two species (leaving out all.other management treatments) will. fully
factorialized, involve 72 treatments. In mixed cropping experiments this
situation is made more acute as plant population and plant arrangement
are such important variables because they can markedly affect the
interactions between the plant species. And with plants of such diverse
form and stature, as one finds in agroforestry. this is accentuated
so that it is not difficult to propose a very large number of treatments
during the process of considering what to put into any agroforestry field
experiment.
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Systematic Designs

Studies involving plant spacing can be very satisfactorily dealt with by
using systematic designs (Bleasdale, 1967) and these have been in common
use now for vegetable and tree crops. forage investigations and, more
recently, for forestry trials and tropical agricultural tree crops. They
lend themselves also to the study of spacing effects in mixed cropping·
(Huxley and Maingu, 1978). Systematic designs take up remarkably little
space and can waste relatively little area in guards. They are, however,
not robust, they are difficult to layout and to maintain and, used with
out-breeding species sown from seed, the plant-to-plant variability can
be hard to handle. Finally, without adequate replication of whole designs
oriented differently a full statistical treatment of the data often cannot
be satisfactorily achieved.

Despite these adverse features systematic designs lend themselves to
early trials in which tree and crop espacernents can be tested over a wide
range of levels. From the results a more critical selection of spacing
treatments can be made, and combined with other experimental variables,
in order to set down a conventional design which will be much more compact
than otherwise 'would be the case.

3. CHOOSING AN APPROPRIATE EXPERUlENTAL APPROACH

There is no doubt that all these are useful field methods but just which need
to be used in any particular set of agroforestry circumstances has to be
given careful thought, depending on the objectives of a particular experiment
and the phase of the investigation which has been reached. Because of the
time scales and costs involved in agroforestry research there is certainly
a need to set limited objectives.

Table 1 outlines the different phases and stages
for studying plants for agroforestry systems and
field approach which might be suitable for each.
phases of trees need to be taken into account.

PHASING OF EXPERIMENTATION

of a research programme
indicates the type of
Both mature and juvenile

The following table sets out a possible sequence of types of experiments
which is based on a logical, step~ise set of objectives. In each case
the type of experimental layout would be different. There is, of course,
no reason why the experiments should not overlap in real time although,
as each depends on obtaining information from the previous one, a too-hasty
jump from one to the next might not always be prudent.

The time at which separate experimentation on the "crop" and "woody"
components becomes unnecessary needs careful thought. In the table above
the incorporation of an annual crop component could be introduced in Type
D experiments in the sense that it is a "management treatment". On the
other hand, if sufficient is still not known about the tree species there
could well be a case for continuing to learn more about it in experiments
where it is grown on its own. This might Hell apply, for eXample, in the
case of multipurpose tree species.
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The reason for splitting up experimental work into the sections given
above is not just one of logically proceeding from one level of
investigation to another but. also, for ecomony of effort. For example,
in looking at a species which has not been examined in any detail
before, or which is a species recently introduced, there is an
obvious need to understand the behaviour of the plant in response to
seasonal changes in the environment. This needs no more than critical
observations on single specimens and, therefore, need take up little
time and space. More can be learned about the physiological reactions
of the plants if some simple "management" treatments are also applied at
the same time (lopping or pruning, irrigation, fertilizer treatment
etc. i.e. Type B experiments).

To evaluate the growth potential per unit area of land plants of the
same species have to be grown associated as a "crop lt and the various
combinations of plant populations and plant arrangement must be investigated
together with selected management treatments. This is Stage 2.

If animals are to be part of a possible final system then a parallel
programme of work is required at this stage in looking at animal
production factor, of course.

As agroforestry is dealing with multiple land use it is the interactions
between the components which interest us most and it is the study of
these, in highly-selected arrangements and combinations of treatments
formulated from the previous two stages of work, that will form the most
important part of "designingll new. or modifying existing J agroforestry
systems. The final evaluation of these is obviously a long-term task.
These are programme stages 3 and 4, respectively.

Where the information from the early type of experiments (types A, B &C)
has not yet been obtained it might well be unwise to specify for
experimental layouts exactly what 'species are to be used but, instead,
give some indications of the arguments for using indigenous or exotic .
species. Also some indications of the size range and habit of the species
proposed - particularly as the more complex experimenta will be difficult
to run where species have very different statures and are in the same or
adjacent plots. Similarly, unless type D experiments have already been
carried out on the woody species grown alone any recommendations about
spacing in the mixed cropping scheme may not be very soundly based.
Especially, when one considers that spacing depends en so many factors.
e.g. the size of the individual species concerned, whether one is dealing
with the juvenile or adult phases of growth, the effects of management
treatments such as lopping etc. and so on, and so on.

Until something is known about the growth of the species when it is nat
grown in a mixture then it seems somewhat hazardous to pick on just one
or two spacings when it 'is.
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Table 1. Different Stages of field research on plants in agroforestry atstems.

OBJE.CTI.VE

A. Detennine if the plant species
are adapted and select those
which establish and grov
well

n:PE OF EXPERIMENT

Screening trials fo,:
a} establishment and
b) adaptation
.. providing m:1nimWll Wlnagment such
8! fertilizer for the planting hole
and/or minimum irrigation at
planting.

TYPE OF LAYOUT

Replicat1oQ8 of:
well spaced- plants and

. close..placed plants 
(hedgerows)

TIME SCALE

5-6 years

B.

c.

To determine species phenology
and the influence of management
on growth of the si~le plant

Appraisal of environment-related
factors which affect growtH and
yield of different species
growing in natural or 8uitably
modified associations

Single-tree plots. fully randomized
and plants subjected to a range of
di~ferent simple management treat
ments

Survey of plant associations and
environmental characteristics on a
seasonal basis

Fully randomized

Multivariate techniques

5 - 6 years

Over 1 - 3
years

Management trials on plots
containing groups of plants
of anyone species
a) .without animals eo as to

optimize productivity lmd

I
I D.I
I
I
I
I
I
I

N

IIIce
to
u
en b) with animals, if

appr-,priate
i.e. if the species
have 1 browse function
and : ) a8 to investi
gate :he plant-animal

. These would be especially to
establish the interaction of
spacing and management treatments
(note that feeding trials with
animals kept separately could be
carried out if sufficient material
is available from this type of
experiment or any of the
proceeding ones)

a) Parallel row designs ~
factorial experiments
with fixed/variable
interrow populations

b) Randomized blocks with
plots arranged to
fncilitate grazing or
very simple systematic
de&igns for farmer
evaluation trials

All these
trials might
be laid out so
as to investi
gate the
juvenile phase
(1 - 5 years)
or the adult
phase (6 years
onwards)
separately



--"--------------,.---~------------..-.----'1""'---.---..----------,.-,~".-.---. ---""..----
OBJECTIVE TYPE OFEXPERlMENT TYPE OF LAYOlt"I' TIME SCALE

..............------------..-.-~-----.~.,-----t-.-""-----.-.---.-.--------.-..""~_I!_------ --'~-----_u_.--_-_

E. To test under full-veale
trials 8 selection of viable
alternative componento or
sub-nystems baaed on the
information from proceeding
e,::perimento A-D - also to
include economic as~e~8ement

ouch as labour t cos to,
etc:.. etc.

Large plot investigl1tione tieing
only ~"i 8.ele£!.!<! treatment
cou..'linat1.ons

Rnndomi=~d block layouts
with or without internal
gunrds and with provinion
for thinning of the woody
component/s

1 - 15 years

W
-..J
o
I

-------......----.--------t------------------t---------------'i---------'---
F. Evaluation of complete

s)"a tetlB •
Large area investigation
to appraise a combination of
technical. ecologieal. 8oc~al

and economic f«ceora

Replication difficult Very long term



APPENDIX D-2

*EXAMPLE OF RESEP.RCH PLiu~S DEVELOPED FROM A D&D APPLICATION IN KENYA

The material contained in this appendix is excerpted from a project proposal
based on a D&D application undertaken by ICRAF's Collaborative and Special
Projects Progran~e (COSPRO) in cooperation with the institutions named
below. It is included in this volume in order to give a concrete idea of
the type of output that can be expected from D&D applications.

It should be noted that the level of planning detail contained in this
example was achieved in stages! The initial 'rapid appraisal' application
of D&D procedures by a multidisciplinary field team resulted in a general
outline of the needed rosearch. TIle.text excerpted here was produced by
a small working group in the pre-project followup stage. The detailed plot
layout design included at the end of the text was developed at the beginning
ot the project implementation stage. Further refinements of the technology
designs and project plans are occurring continuously as the project progresses.

The section of the project proposal reproduced here does not contain the
full description of the project area and the diagnostic results t as contained
in the original. It also does not contain the details of project planning
that are specific to the institutions involved. It begins, instead, with
the design specifications for appropriate technology (output of Step 6) in order
to explain the design context for the research plans which follow. The
text has been adapted. slightly to fit the format of this Appendix.

1. APPROPRIATE TECHNOLOGIES

1.1 Design Specifications

The following functionaL design specifications were derived from the diagnosis
of the Kakuyuni farming system.

Improveproduativity of the crop production 8yst~~

i) Maintain or improve soil organic matter
ii) Improve soil nutrient status .
iii) Reduce erosion and water run off
iv) Remove labourbottlcnecks at field preparation and weeding time
v) Improve pest and disease management

Improve productiVit1j of ttl.e z.1.~'1Je6·tock produ.ction system

i) Improve quantity and quality of fodder
ii) Improve seasonal distribution of fodder
iii) Improve drinking water availability
iv) Reduce labour requirements of feeding
v) Improve veterinary IH:~n·i.ce

*Adapted from a pr:>posal for 1:1 Research Project to Develop Agroforestry ·Systems
for the Semi-Arid Areas of M3chakos District, Kenya. Prepared by the Kenya
Agricultural Research Institute in cooperation with ICRAF t the National
Oryland Research Station at Katumani~ and the Machakos Integrated Development
Programme (MIOP).
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Improve cash baZanae of the farm

i) decrease (future) cash outflow
reduce need to buy food
:reduce need to buy building materials
reduce need to buy raw materials for on-farm cottage industries
reduce need to buy agricultural inputs

ii) increase cash inflow
improve productivity of crop and livestock production
improve raw materials supply for on-farm cottage industries

iii) improve seasonal distribution of cash

These functional design specifications have to be accomplished within the
following (future) fann resourae restriations:

Large far>ms

i) Ample land resources
ii) Insufficient labour resources
iii) Low level of capital

Srrau farms

i) Insufficient land resources
no grazing areas on some farms

ii) Insufficient labour resources
part-time engaged in off-farm activities

iii) Low level of capital
no draught animal power on some farms

1.2 Non-Agroforestry Alternatives

Improving the service infrastructure as well as creating off-farm employment
opportunities were not explicitly mentioned in the design specifications but
there should not be any doubt that these areas need attention in order .to
raise the general standard of living of the farmers.

Some of the previously mentioned design specifications are also difficult
to achieve by means of agroforestry. e.g. improve crop pest and disease
management t reduce s~orage losses t improve drinking water availability for
livestock t improve veterinary services.

The Kenyan institutions responsible for project implementation are t in fact,
already pursuing some of these objectives with nort-agrcforestry technologies,
e.g. improve storage facility structures t construct dams to collect and store
water t etc.

All the other design specifications may be accomplished with agroforestry
as well as non-agroforestry technology. In sOlne. cases these may be mutually
exclusive while others may complement each other.

It is difficult, however t to say at this stage whether the agroforestry
alternatives are superior to the ncn-agroforestry alternatives. The
results of the non-agroforestry experiments/developments at present being
conducted by the implementing institutions should therefore be carefully
compared with the results of the agroforestry experiments. Some·of the non
agroforestry experiments/demonstrations are: use of artificial fertilizers
and crop rotation to improve/re~tore soil fertilitYt soil conservation
works, etc.
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1.3 Agroforestry Technologies

1.3.1 Hedgerows with or without an upper storey of fuelwood or fruit trees
in the cropland (' alley cropping')

The main purpose of the hedgerows would be to improve the productivity
of the crop production system which, in turn, would reduce the cash
outflow from the smaller farms while the cash inflow of the larger
farmers would be increased.

Lopping the hedges, 15 cm above ground, would take place twice a year, two to
three weeks before land preparation and planting. The branches would be
spread in the alleys in between the, hedges and the woody components would
be removed just before ploughing and to be used as fuelwood (in a similar
way as the traditional pigeon pea stems). The remaining, already de
composing, leaves and small twigs would be ploughed into the soil.

Such a system aims at improving the soil nutrient status, maintaining soil
organic matter, controlling erosion (by reduced runoff) and making better
use of land, labour and draft animal resources.

An ex ante economi~ analysis of such a land use system was conducted
(Hoekstra, 1983) on the following assumptions:

i) between-row spacing is 2 meters
ii) row width 1 meter
iii) production starts after about 18 months (after transplanting)
iv) total dry matter production m-l year -1 is 0.9 kg.
v) 60%0£ the dry matter is leafy mulch and 40% woody st~ms
vi) organic N in the leafy material in 3.75 percent
vii) a mixture of maize and beans is grown in the alleys (traditional cropping

pattern)
viii) 1 kg of organic N results in 13.5 kg of additional maize, while the

bean production remains the same (yield per unit area doubles)

The analysis indicated that the addition of nutrients to the maize and beans
in the alley as well as the'fuelwood output would result in a better use
of the land, labour and draught animal resources as compared to the traditional
maize beans mixture:

-1 -1N.P.V.* hectare_
l

year
N.P.V.* man-day -1
N.P.V.* draught power unit,

* at 12%

Hedgerows

1,286
15.2

1,459

" '

Traditional

631
8.6

'4'35

The potential addition ,of organic matter by the leafy mulch and the roots
of both ~ye maize/beans mixture aJid the' hedgerow is estimated at 1,630 kg
hectare ,year -1, whic~ is computed as follows: '

Above ground biomass produ~tion of 2 a1'ops of 1aize' and beans .
occupying 0.5 hectare is about 6,400 kg year - (harvest index '
O. 4), whi Ze the above gPowui b-iomass of the remaining 0.5 heata:l'e "
of 'hedgerows is 4,500 kg year -1. The per~enta.ge of roots is estimated
at 25% of the above ground biomass production 'Whi Le the conversion factor
of root dry matter to ol'gania matter is estimated at 0.4, i. e'. added organia
matter 't,090 kg heatal'e-1 year' -1. The annuaL quantity of leafy mutch
added to the soil, is 2,700 kg and the conversion faator of 'teafy mulch
to dry mattel' to organic matter is estimated at 0.2, i. e. added organic
matter 540 kg heatare -1 year -1.
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TIle loss in organic matter due to cropping depends on the organic matter
content of the soil. Assuming a 1% soil organic matter content (common
for soils insemi"!""arid regions under natural conditions) the loss is
estimated at 1,500 kg hectare -1 year -I, while, if the soil organic
matter content has already been lowered, because of cultivation, to
about 0.5%, the loss would be 750 kg hectare-1 year -1· ..

The computation of the annual 7,088 is based on the foLlawing
assumptions: top soil depth 0.2 m, Bpeaifia gravity Boil,
7..,500 kg/mJ and a aoeffiaient of dBaomposition under cultivation
(kc! of 0.05.
. .'

It may, therefore, be concluded that the hedgerow system will prevent a
future decline in the organic matter status of the soil; however, it is
unlikely that it would be able to raise it significantly in the short
run. .- )

The fo1lo~ing t~ee/shrub species were identified for the hedgerows:

Leu(!aetza leucoaephaZa, Combretuin sp., Erythrina sp., Cassia siamea

The addition of a top storey of fuelwood trees is meant to decrease present
and future labour requiromentsto collect fuelwood or to prevent a future
cash outflow. -The trees would be coppiced·on a regular basis. The
following tree species were identified for this purpos~:

Azadirachta indica.. Jaaaranda mimosifoZia, Cassia siamea

The addition of a top s~oreyof fruit trees aims at increasing the farm's
cash inflow as well as to imp~ove the seas<?nal distribution of cash.

The following 'tree species ~ere identified 'for this purpose:
. ;. " ".

Canaa papaya (pCI1JJpCllJ)" Zizyphus mauritiana (Bertroee)

1. 3.2 Fodder/browse tree/shrubs in the g.razing areas

The purpose of these trees would be tP improve the quantity, quality and
the seasonal distribution of fodder on th~;farm. ThiS, in turn,will
increase the farmer's' cash income.

",' .

This system is more appropriate for the larger than for tile smaller farms,
since the latter may· only have very small grazing areas left (see 1.3.3
for small farm design).

Establishment of the trees will be a major problem because C?J the existing
free grazing system. Trees will therefore require protection in the
initial years. Making use of the existing thorny bush vegetation may
be considered, i.e. heaping dead thorn bushes around the seedlings, or
planting the seedlings within the area covered by thornbush.

Pod-producing trees with a fairly light canopy to allow grass or shrub
growth undernea~h should be given prior.ity.

The following species were identified:

~osopis parZida, Aaacia ~Zbida, Ziz~phU6 sp., BaZanites aegyptiaaa
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1.3.3 Cut and carry fodder systems in the grazing land or farm boundaries
with or without an upper storey of fuelwood. timber~ poles and/or
craftwood trees

The purpose of such system is also to improve quantity and quality as well
as seasonal distribution of fodder, especially on the smaller farms.
Such a system will also contribute to lowering the labour inputs required
per A.U. as compared to the existing practice of herding a small number of
animals.

Tree species ident.ified for this purpose are:

Prosopis paZ.Uda, Leuaaena leueoeephal-a, Aaacia saUgna, StyZoaanthes seahm

The addition of an upper storey of fuelwood trees serves a similar purpose
as in the hedgerow system explained earlier (see 1.3.1).

The addition of an upper storey of timber/pole trees and/or craftwood trees
aims at reducing (future) cash expenditures for building materials and
on-farm cottage industries.

The following

Craftwood
timber/poles

sp~cies were identified for these purposes:

B:r>aahy"Leana hutahi1'lsii ~ Dalbe:r>gia me Lano:x:y Zon
Terminalea bl'oumii, Casuarina equiseUfolia, Agave (siaaZ)

1.3.4. Living fences around the grazing land with or without an upper
storey of fuelwood trees

The purpose of this fence is to reduce the labour input requirements of
the free grazing system on the larger farms as well as to reduce the
need for cash expenditures on fencing materials.

Two species were identified for this purpose:

Parkinsonia acuZeata, Commiphol'a afl'icana

The addition of an upper storey of fuelwood trees serves a similar purpose
as in the hedgerow systems (see 1.3.1).

1.3.5 Windbreak around the home compound

The purpose of this system is, in the first instance, to protect th~

buildings inside the home compound from damage by wind and so reduce the.
need for cash expenditure. Ibe use of fruit trees for this purpose would
help to increase the farm's cash inflow as well as the seasonal
distribution of the inflow.

Mangifera indica is .proposed for this purpose.

A hedgerow with some of the previously ·identified species may be added as an
understorey.

6.3.6 Fruit trees in the home compound

These trees would provide the necessary shade and improve the cash inflow
as well as its seasonal distribution.

Mangifel'a indica is proposed for this purpose.
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2. RESEARCH PROGRAMME

2.1 On-Farm versus On-Station Research

Five factors were considered to determine whether research on these candidate
technologies should be carried out on farm and/or on station.

Readines8 of pT'oposed technology:

The principles of living fences and boundary 'planting are more or less known
in the area. however tree planting in the grazing land to provide animai
fodder. the hedgerow system in the cropland and the windbreak around the
homestead are relatively unknown to the farmers, although some are known
in other parts of Kenya. The proposed tree species and management practices
are not well known nor tested in the area. perhaps with the exception of
the mango trees proposed for the windbreak and the home compound.

FamieT'8/extension officeT's attitude towards on farm tT'ials:

M.l.D.P. in its program in the Kakuyuni catchment started introducing aome
trees. Farmers appear to be very keen to plant trees, often even without
knOWing their useful purposes, with the possible exception of tree planting
in the cropland itself.

Riskiness of the pT'oposed technology:

The positive effects as well as the feasibility of establishing a hedgerow
system in the cropland are still relatively uncertain, while at the same
time the introduction of these hedgerows may result in a reduction of the
arable land and therefore in the production of basic food crops. The risks
imposed by the other candidate technologies are considerably lower since
the opportunity cost of the land used (production forgone) is low. care
should be taken, however. with regard to the introduction of trees in the
grazing areas which may have the potential of becoming a weed (~osopi8~

Leuaaena?) •

Need foT' the candidate agrofoT'estry technology to be exposed to diffeT'ent
enviT'onmenta I aonditions :

Because the recommendation domain for the proposed c~ndidate agroforestry
technologies is limited to part of agroclimatic zone 5, some of the
differences in rainfall conditions have been eliminated, reducing the need
to test the technologies at many different sites. However soil conditions
in this zone differ considerably, requiring the testing of the technologies
on different sites. The soil types found in the project area offer this
opportunity.

Need foT' the aandidate teohnology to be exposed to T'eal farming systems
aonditions:

Due to the absence of free grazing conditions on the Research Station,
establishment trials (especially protective measures) in the grazing
area and living fence trials have to be conducted on farm. Similarly,
windbreak trials have to suit the specific farm conditions and are ·therefore
best conducted on farm. Furthermore, farmer evaluation of all the
technologies is essen~ial.
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A summary of the weighing of these 5 factors for the candidate agroforestry
technologies in the study area is presented below.

Table 2.1.1 Weighing of onf~/on station researoh factor8
Need for Need for

Technology Readiness Attitude Riskiness env. Exposure farm ays expo

3.1 L L H M H
3.2 L-M H M M H
3.3 t-M H L M H
3.4- M H L M H
3.5 M H L L-M H
3.6 M H L L-M M

L = Low M= Medium H = High

Based on a simultaneous weighing of these factors it is recommended to conduct
simultaneous on farm/on station research for the following technologies
1.3.2 - 1.3.4,sequential on station/on farm research for 1.3.1 and on farm
research only for 1.3.5 and 1.3.6 (see also 2.2).

2.2 Research Required on Candidate Agroforestry Technologies

2.2.1 Hedgerows in the cropland with or without an upper storey

Purpo8e : see 1.3.1.

Variab le factors
a) species
b) establishment methods
c) spacing in and between rows
d) cutting height and frequency
e) rate of application of mulch
f~ time of application

Parameter8 to be monitored

a) labour inputs for establishment, maintenance and harvesting
b) survival rates and growth
c) yield of mulch
d) resistance to termites
e) rate of decomposition
f) nutrient. content of mulch
g) soil nutrient status and moisture balance
h) erosion
i) weed development (including labour requirements)
k) crop yields

The addition of an upper storey will add the following variable factors:

a) species
b) in-row spacing
c) harVesting frequency and method

As a result, the following additional parameters have to be measured:

a) labour inputs, establishment, maintenance and harvesting
b) yield (including fruiting season for fruit trees)
c) yield adjacent crops
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Type of resear'ah

On-Station

Species selection (elimination, survival/vigor phenology) establishment
methods and management practices required in the first'years of this land
use system. Suitability of species will not only depend on growth
performance in general but also on the suitability of the leafy components
to improve soil nutrient status, water holding capabity and O.M status
of the soil. To analyse these aspects a series of independent mulching
trials will be carried out, using different tree leaves. Such experiments
will have to be complemented by soil and leaf analysis. This on-station
research will continue over the entire life of, the project. '

On-Farm

Testing of some of the best species and establishment methods developed
on station in the previous year of the project (researcher managed, inputs
and evaluation jointly by farmers and researchers).

2.2.2 Fodder/browse trees/shrubs in the grazing land

Purpose : see 1.3.2.

Va:riabZe faators

a) species
b) spacing
c) establishment methods

Parameters to be monitored

a) labour inputs for establishment, maintenance (harvested by animals)
b) survival rates and growth (termite resistance)
c) fodder yield
d) seasonality fodder production
e) palatability of fodder
f) nutritive value of fodder
g) additional products (fuelwood and nectare pr~duction)

h) vegetation growth underneath the trees

TYpe of reseapah

eM-Station

Species selection and establishment trials including nutrient analysis and
palatability analysis. The screening trials and analysis will take place
during the entire project life.

On-Farm '

Species selection trials and establishment trials simultaneous with on
station research during the entire life of the project. Management trials
of the 'best bet' species and establishment methods in the last two years
of the project (researcher managed, inputs supplied jointly by farmer and
researcher).
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Cut and carry fodder in the grazing land and farm boundary with or
without upper storey;,,.,

Purpose see 1.3.3

Variab le factol's

a) species
b) establishment methods
c) spacing
d) harves~management

Pal'ameters to be monitol'ed :';.:

a) labour inputs for estab1~shment, maintenance and harvesti~g

b) survival and growth (termite resistance)
c) yield of different products
d) quality fodder, timber, poles or craftwood
e) nectar production

'.' ". ~ .~ A.:, \! .. ;

'., "-,

. " :.) .

Type of l'esearch

On-Station, On-Fam as in 2.2.3

.. ,/ .~ . : ~ ".', ~

" ;.

2.2.4. Living fences around the grazing areas with or without a top storey

PUrpose : see l.3~4~

Variable factors

a) species
b) establishment methods
c) in-row spacing
d) trimming frequency

PaPametel'B to be monitol'ed

a) labour inputs establishment, maintenance
b) survival rates and growth (termite resistance)
c) additional products (including nectar production)

Type; Oil "!?l}seaJ:>chr! ' , .

On-Station

Species selection and establishment trials

: ".; ~j ;

. . -, .~
,'J!

On-fam

Species selection and establishment trials simultaneously with the on-station
research. Both research activities will last for the entire project life
(researcher managed, inputs and evaluation jointly by farmers and researchers).

The addition of an upper storey may be treated in the same way as the hedgerows
in the cropland.
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2.2.5 Windbreak around the home compound

Purp08e : see 1.3.5

Vanable factoP8

a) variety/cult1vars of mango
b) in row spacing
c) tree management

Parametep8 to be monitoped

a) labour inputs for establishment, maintenance
b) survival rates and growth (termite resistance)
c) wind speeds
d) additional products (including nectar production)

Type of Pesearoch

On-Farm only

Selection of variety, in row spacing (researcher managed, inputs and evaluation
jointly by farmers and researchers).

2.2.6 Fruit trees in the home compound

Purpose .. see 1.3.6

VtJ.l"iable faatoP8

a) variety/cultivars

ParoametePB to be monitoped

a) labour inputs for establishment and maintenance
b) Survival rate and growth (termite resistance)
c) additional products (including nectar production)

Type of roesearch

On-Parm only

Selection of variety (researcher managed, inputs and evaluation jointly
by farmers and researchers).
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2.3 Experimental Designs

The following experimental l"~youts have been designed for on-station
experimentation on .the hcagerow/lUulchfarming system (1.3.1)

MAIZE I<lUlCH/GREEN MANURE TRIAL

EJEJ II-,-.--.Cont. _7[ D

Treatment Combinations

1. Cdl - Cassia siamea @1 kg/m2

2. Cd2 " (I 2 kg/m2

3. ldl - .Lellcaena leucocephala @ 1 kg/m2

4. Ld2 " , P,2 kg/m2

5. Tdl - Terminalia brownii ' @ lkg/m2

6. Td2 -" " @ 2 kg/m2

7. Cont. control (maize only, no mulch applied!)
Total'amount of mulch required Leucaena )

Cassia ) 19.44 kg of each
Terminalia} (fresh weight)

Each plot will have l'row of maize in the centre. in row spacing
30 em (6 plants).
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BEANS HULCHtGREEN ORGANIC MANURE TRIAL

t ~1.S0-;1.~

61 Cdz ~

111I

1

' ..

EJ I_Tdl_Sf I ~nt.

Treatment Combinations
1. Ld1 - Leucaena leucocephala 0 1 Kg/HZ
2. I.dZ _" n (' 2 Kg/m2
3. Cdl - Cassia siamea @ 1 Kg/m2

4. CdZ _"" @Zkg/m2

5. Tdl - Term1nal1a @ 1 kg/rril .

6... TdZ - II @ 2 kg/nil-

7. C - Control @

Total arountof ft.Ilch required/lD.BD kg of eachl (fresh weight)

Each plot will have 1 row of beans spaced 15 em apart (10 plants)

Note: This experimental design and the proceeding ODe are designed
to provide information only on relative differences between
treatments. An experiment with larger plots will be conducted
in the second phase of experimen~ation to obtain yield data on the
most promising treatments.
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HEDGEROW Tn:UIl

SIA

SIA

SSIA

CASSIA
· · · · · · ·· · · · · · •
· · · : · · ·· · · · ·· · · · · · ·· · · · · · 0

tit:0 0 · · · · ·
0 · · · · · ·· · · · · · ·· · · · · ·

$1
0 Cont. 0

52
0 0 · · ·

0 · Cont. · 52 · 51 · 51 · Cont.
0 · 0 · · · tAs· · · · · · ·· 0 · · · · ·· · · · 0 · ·· · · · · · ·· · · 0 · : ·
0 0 · · · · l:As· · · : · ·I · · · 0 · .'

.(-lJ-?

3.6m

3.6m

.I.-10---? CASSIA

3.6m..
CASSIA

3.6m

S2 51 52 Cont.
CASSIA

CASSIA

TRE:ATMr:MTS

S1 N Cassia s1amaa in furrows at a.25m spacing
52 - " II in holes at 1m spacing
Cont. (Cont~l) (Maile only)
Three rc;;:; tit r;..:iize are planted beb."een each 2 rowS of Cassia (gOon between
rows). In the control plots. each cassia row is replaced by a maize.

REFERENCES
Hoekstra, D.A. 1983. Leucaena Zeucooep1w.Za hedgerows tntercropped with

maize and beans:nn ex ante analysis of a candidate agroforestry
land use system for the semi-arid areas in Machakos District.
Working Paper No.3. ICRAF, Nairobi.




