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PREFACE

Agrofarestry is a colleciive term for land use systems and rractices
b2sed on the intearation of woody perennials with crops and/or animals.
tcological and socio-elonomic reasons for an ygrotorestey aporoach o
Tard development include the need to counteract declining o1l Sertiliny,
erosion and shortage of fieVwood, couplid witn 2 lack or <asn reserves
and inadequate infre<tructure among many tropical and sut-tropical far-

mers.

Agroforestry as 3 field of systematic research suffers frum the fact
that few scientists have received specitic tratning 'n the subject.,  There
are also relatively few institutions which focus upon integrated lard use

sestems and the technology of agroforestey,

The International Council for Besearcn an Agrotorestery (D224 ) has launched
A series of three-week trytning courses o disseminate availadle wnowledge
on agroforeatey practices and system and nechods for dssessing Tand uie
problems and svaluating agroferestry notentials.

Together with the organization af the courses 1RV s 1nyolyed in gevelop-
Ing training material packa;s in agratorestey which can be used by training
institutions and arganization without direct {CRAS sraf® oarticipation.
[CRAE is pleased to prosert this compeondium which foliows the sequential
arrangemant of contents and camponents 0f A course on CAgroforeitry fesearch

for Development:  Concepts, Practrees and Methods ™.

Bath the training courses and the production of training packages in agro-
forestiv are supoorcted by *oe Umyted States Agency far laternaticnal Davelop-

pent, to whign [DRAF 35 must gratefyl

/ /
v ~ 7 ; 7

Dr. Bjorn Lundgren

DIRECTOR
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Agroforestry being 3 new arca of scientific and acalemic activity, (¢ is
seldom teught formally in craining and educationsl fonstituzions. There-
fore, there 1s virtually no {afrastructure for training = cither tralued
manpower or trained materiald - in aproforestey.  Howeses, the recent
activities of [CRAF and other institurions that sre engiged in agroturestey
research and development have resulted, among other thiags, in sone advance-
ment towards the development of the disciprine: the concepts and principles
of agroforestry are, by and large, clear the methodotogical 'procedures® to
handle agroforestry are belong eluctdated, and efforts to coilect and Jdisse-

minate information pertaining to agroforestey are makiog steady progress,

Sireleanvous to these developments, it {4 essential to initiate sound pro-
grammes to lopart traiving in agroforestry to people at various lavels.

LCRAF's international position and Charter responsibility on the one hand,
and ity coordinating and catalyzing role on the other calla the Council to

play a teading role it "als area.

As a result of the [CRAF/USALD Cooperative Agroement, [CRAF Azroforeatery
Trainiog Project heyan in bate 1982 programming activities leading 10 the
organization of short training courses on practical and theoretioal aspecis
of aproforestry and the developmen. ot training materiala,  he trainoing

course just aboat to bevin in Nairobi and the nreseat paviage of training

materialy fu aeroforestoy represents an important initial step in this

.
direction. Botii or these aetivities will confinue o rus coucnerently and

both are to be constantly refined and modificd based on part experiznce and

fresh results.

The Awvr tforear v Conrse  (Natrobt, 1-13 Novenber 1933)

The overall objecrive of the course ta "to enhance the profesgsional capa-
bilities of research scientists and developuent planners from Jeveloping
countries tor inttiating and teplementing agroarestry research, ieading to
the development ot wvstems and technologies thel are both suited 2o local

conditions and adoptaole by tarmers".

Specifically, by the end of the course participants are expected:

(Main) e o brcome Camtltarize d with the coneepts and pro-
cedures of TCRAF s methodolooy to diacnose apro-
foreatry related taod ase sroblems‘poteatialzs and

desten appropriate agroforestry svsroms,

(Complementary) o To bevome acguatoted woth [URAF s Lnstiturional
erpantsation amd programee o work,
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e To become updated on available sgroforescry

research infonarion and appropriate experimental

approaches,
The three-week training course is intended For research scientists and
development planners responsible for agroforestry research or rural Jdevelup-
ment projects or programmes. [n general terms, the scope and content of
the first week focus on the conceptual and technical background of agro-
forestry while on the second and third weeks it concentrates on methods to
diagrose agroforestry related land use problems/potentials and design

appropriate agroforestry sydtems and technoloygies.

Training sessions will include lectures, workshops, discusaioans groups,
case studies and field vxercises as well as independent/study work by
participants. ICRAF's mulcidisciplinary team will participate in the

training activities of the propramme.

Traini Matirials

Since agroforestry training i1 a new ared, 30 is the development of appru-
priate traininog materials. The method being followed in this ts esscatially
the same a3 in developing research methods, viz. collation and evaluatioa of

relevant information from copnate disciplines and integration o! auch tufor-

mation into a new format. Once such 4 framework ia developed, materials

can be "tested" in the training coursea. The present package contains i
compilation vt exiating knowledge and selected information about Agrotorvstry
principles, practices and methods wathersd from different sources amd arranged

in an aderly form for ready and acceasible use an training matecials,

Lo The package of treaining matericls C2ee!f has been placed 1o a4 two-ring
binder that should be wsed as 4 convenient, portable system to add and

revise important tntormation,

2o The dividers establish tive sections or modules on: [CRAF's Rolr and
Programme (Section 1), Agroforestry Conceptual and Technical Background
(Section 2), A Diagnostic Approach to the Destgn of Agroforestry Systems
(Section ), Agroforestry Experimental Approaches (Section 3), the Course
Evaluation (Section 5).

3.0 Sections 2, 3 ond 4 include the main neces andlor key articleas, practical

exercises (in the field, case studies) and lists af supplementary materials

and reference required/recommended for the activities of the prugramme .
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Additional information is provided in the Introduction, Secrion 5 and

Appendices m the training course objectives, organization, evaluation,
participants and programme of activities as a puideline for the organi-
zation of similar model - courses on ugroforestry research for develop-

ment.

Ester Zulberti
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ICRAF

The International Council for Research in Agroforestey ([CRAF) was
esCablished 1o 1977, tollowing o dattiarive by the Intemational
Development Research Centre (IDRCY of Canada.  With [UKC a5 inizial
executing avency, and witn the swiss Development Corporation, the

Dutch Ministry of Development Couperation and the Canodiin Dutermational
Development Agency (CIDA) a3 co-sponsors, [CHAY wis chiartered and set op

(erve m=

nT owith

its headquarters to Nalrobi in 1978, vader an aorees
ment of Kenya.

[CRAF is an autonomous, ton=profic internativeal counctl coverned by 4

Board or Trustees with cqual represeatation from develoned and develusing
i 3 f jd A

countries.  With the exception of 1 fepredentative ol The hod4t countey,
Ketiya, trustees do not represent countrles of orzantzaliong bor gro
on individual merit,  TCRAF derives D05 flusnciad suppore from wolontary

contributions from governments aned tnternaztonal private and public organi-

fOICHA "9 work, a1 Lard

zations and aeencies. The ultimate objective

"

down tn the charter, ia to tmprove the nutritional, evonomic and social

well-beiny of the peoples of developing couatriss by the promotien of

fude withoe

agrotoresrey aystems desizned to resule 1o hetter lan
ment te the eovironment” . Being ¢ council, with neither the smandale wor
the necessary resoarees to carey out ifa own field redearch on a4 large
seale, TORAF tal” (115 omjectives throngh acting a5 an international catalys:
in agrotorestry research. A oanch, LCRAF inttiates, promotes and supporis

and tech-

research for the dygvelopment ot appropritfe agrofotestey avsteas

nologtes,

More specitically, TCRAF's activities tnclude:

® the systematic collection, evaluation and Jdtssemination of taformation
on agretorestey;

s providing training tactlitics (courses, internships, felleowships) to
scientists ind development experts from tropteal md sub-tropical
countrivsg

e developine methods which atm at helping research insfitutions fo tdentify
relevant research whieh addresses real problems in land-uze syetems:

o developing methods tor evaluating aerolormvstry technolocies, oo, rmulen-
purpose frees;

e arranyving or cossponsoriny workshops, reminars, conferences and other
mm‘(im;~: releviant o gqerotarestoy;

o undertaking collaborative proiects with aational, regional or tater-

mational instrtations 1o tteld resvarch, anforaation exohagee . publy-



cations and training;

' general promotion of the concept of agratorestry through partivipation
by ICRAF staff in various local and intermational meetings and by publi-
shing in popular and scientific media articles which aim to broaden and

deepen awirencess of {t, ecc,

Programme of Work

{n order to provide a structured and efrficient tool for fatfilling its mundate,
the Council Jdevelaped 4 programm of werk which becime operational on 1 January
1982,  The programme (s built around three local points which swmarize our

mandate,

. the development of methodolosiva for fdentifving 2o.1al, evonomic and
ecological conntriints {n land-use system: an! for 11desatny the potential
of agroforedtry technologies to overcome 1uch vonstraints,

[ the aystematic collation aad adsesament of methods ot studying and evalua-
ting agroforestey rechnolosive;

. the etticient disseminscion of methodologier and Kinowliedye 10 acicatists

¥

and development planers 1o the fropical and suh-tropical developing world,

The programme of work is implemented through eight crosely interactive pro-

prammes, each with 1 number of projects and activities.

The work programmes are:

L. Management and Admintstration Service

2. Field Station, Machaikos PrORTamne 9
3. Agroforestry Systems Development
b0 Agroforestry Technology PTORTATIN S

5, Information

6. Traininy Dissemination
7. Collaborative and Special Projects PrURT . §

8. Agroforestry Advisory tnit

The last procramme, the Aproforestry Advisory Unitt, wvill be run on a coat-
hearing basis separate from the seven cote programmes. [ order to ecnsure

arcated

interdisciplinarity tn a'l TCRAF's work, the prograsmes are not e
by disciplinary boundarivcs.  All core sepior $2at? members will provide their

respective disciplinary mnpur inte all progremres and moet projects.
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There are, of course, specific programme coordinators and project leaders
who are responsible for the plunning and implesencation of individual
activities, The progrummes are interlinked and there are also strong and
essential feed-backs from scientists and institutions at the recipient

end of our digsemination programres.



SECTION 2. AGRAFGRESTRY: the Conceptual and jecnnicdi Backyroun.d

2.1 Main Notes
e AGROFORESTRY: CONCEPTS AND PRACTICES (FILEMON TORRES)
¢ THE USE OF AGROFORESTRY 10 IMPROVE THE PRODUCTIVITY OF

CONVERTED TROPICAL LAND {BJOEN LUNUGREN)

o AGROFORESTRY - DEVELOPING A NEW RELEARCH UISCIPLINE

(Peter Huxley)

o LOODY PLANTS AND LAND USE

{(Peter Hudey)

e St g S m——




AGROFORESTRY: COHCEPTS AND PRACTICES

Or., Filemon Torres®

1. Introduction

Woody components have traditf{onally been included in small-holder
management systems of the Amerf{can, African and Asfan Tropics as a
source of fuel or tood, and to restore sofl fertility, particularly

in the so-called shifting cultivation areas.

The traditfonal use of land by the small.-holder of the tropics has

been particularly affected by demographic pressure, leading to an
increase in the proportion dedfcated vo cropping (etzher for house-
hold consumption or marketing the latter to meet higher cash needs),
vith corresponding shortening of the fallov perlod neceassary to restere

sotl fercility (Filg. 1).

As a consequence, tood produvction per capi:a in developing couniries
with a market cconcmy has been kept almost conastant, leading t> an

{ncrease tn the food deficit over time (Fig. 2).

The high {aput requirements of temperate zone tech ology (high=-
yielding varictiea & fertilizers) and thetr detrimental offecet upon
natural rencwahle tesources and socfal equlty have tempeved the

enthuslasm tnitlally aroused by thetr application.

These circumstances have led to the revival of an old practice, now
called agroforestry, based upon the development of the Interflace

betveen the agricultural and the forestry use of the land.

eSonicrr Research Sctentiat {Ranga Managerant € Livestock Producticn)

Gt JCHAF.



Fig. 3: Comparison of an agroforestry system Oith other systems
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The amplitude of that definitie- implics that several anrofocestry
Systems can be genetated according to the components {ncluded in
the combination, the role of the {ndisprasable component tn the
system (the voody one), the type of fnteractlion between these components
the vay in

9.

and the others in the system (spatial or temporal), and

vhich the woody component {s distributed tn space (Fig.
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Fig. &4: Agrojorestry syascems
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3. Agroforestry systems

3.1 Agro-silviculrural systems are those dealing with the concurrent
production of food crops and elther foreat (vith a "producctve” and/oc
"service" role) or tree crops.  Flg. 5 aystemat(cally represents zhe
architecrure of some conceptual aystem of the agro-siivicultural lype.,
and fts "classtfication” weording to the criterla mentloned in Fle.s.
Flg. 6 and 7 indicate the effvce thao voody apecies ould Mave upan

soll fertillty, as componencs of potential "tmproved faliow” svstenma,

or vhen combined In space. Ftue. § ashows the "service” effect of an
alley cropping system upon maize production, as compared vith ferellizer

application.

3.2 Sllvo-pastoral s/stems irtegrate trees (timber, food nr fodder
producing ones) with pasture and livestock. Fig. 9 ts an atteapt Lo
tepresent the architectural profile of conceptual comdbinatlions af the

s{lvo-pastoral type, and (s corresponding "classif{cattion"”.
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Flg. Agri-stlvicuttural systems
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Fig. 6 : Effect of Acacia albida
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Fig., 7 : Mutrient quatlability in sotlla under tives

(Proaopis ctneraria) in arid and semi-arid areas
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Fig. 8:
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Fig. 9: Siluvi-pastoral systems
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Table 1 siiows the favourable effect of artificial windbreaks upon
pasture production and live weight gatned by antmals during drv and
rainy searons tn sem{-arl{d zones. [f the compet{tion beiueen woody
and herbaceous components does not offset the advantage when nazural
(t.e. forest) barrters are used, such information would indicate the

potenttal of "living fences" or just hedges.

Table 1 ; Effect of shelter (windbreak)

Stocking M Prod
PERIOD RATE (Sh/ha)  SHELTER (Kg/haly) LW (Kg)
15 YES 170 4y,
NO 20% 40.%
DRY
(3/65-10/66) 30 YES 117 32.0
NO 61 28.)
38 YES 68 22.%
NO 34 25.4
15 YES 1920 50.93
NO 993 43.%
RAINY
(11/66-9/68) 30 %ES 730 44,3
NO 21 %] 37
38 YES 139 40.0

NO 16) 2.5



Jata in Tables 2 and 3 show cthat, under certaln circuastances, trees

rould not tmpafr, and might even improve, production of herbaceous vegetation
;rowing underneath, both (n hum{d and semi-arid zones. This would

ndicate a potentfal for silvo-pastoral systems of the "pasture with

rees" type.

Table 2 : Effect of tree density on grass growth

DENSITY DRY MASS LICHT so1L ¢°
b
(c/M%) INTENS [TY (°c)
Lo -“»\
Closed canopy oy 276 3.9 3.1
’ » I
Open canopy beo N\ 447 5.8 24.6
Open grassland Jo2 15.8 Jo.2

Low fertility sofl

Trees : Hrachystegia sptetformis

Julbrmmardia globiflora

Crass : Panicwn maximom



&0

Table 3 Pasture production under leguminous and non-leguminous trees
{Average of five replicates)
SOtL N (T)
DRY MATTER
SP. (G/M7) 0.20 ca 20-40 ¢m
Erythrina poeppfiglana (L) 619 .35 .15
Phitecolobium saman (L) 120 .38 .18
Clirictdia septum (L) 6139 32 .18
Cordia alliodora (N-L) 752 .28 .15
Control 150 .28 .16

Data {n Table &4 would suggest "hat the producticn and utllizaclion of

a herbaceous

component groving underncath trees wvould not affect the

yleld of these components fn the systea, in this case, tree crops.

Table 4 Grazing under coconuts {tre~ dansity : 100/2)

HEZBACEOUS LAYER CARRYING CaPACLTY TREE CRUP PRQD! CTION
(ANTM, /HA) (NUTS /HA)

Weeds (control) - 82.8

Native pasture .12 22.7

Pangola grass .81 735.1

Cuilnea grass 1.67 ' 83.2




3.3 Agro-stlvo-pastoral systems combine food crops with “productive™
(timber, tood or fodder) and/or "service" trees and livestock, with eor
without pastures. Filg. 10 indicates some conceptual aystems of thisg
type and thefr possible “classificatton™, Fig, Ll 1y a4 schewaric
fepresentation of an Intesrated ply production systenm develoned tn

Fcuador.

The proposed systems represent several biophysitcy! hypotheses ahout
alternative systems includinyg woody components in Land manayement,
If they are substantiated by tesearch, they can be used ay the bagry

for the generation of apectfic technologies.

Fig. 10: Agri-selvi-pas toral dy s temy
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Fig. 111 Integrated fooderop, swine and fueluncd vroduction
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4. Agroforestr, ac an iltermative reennology

As mentioned earlier, agroforestsy systems teprusent an alternative for
lanc management that can fmprove production (n sustainable vavs. Thelr
adoption by the farmer would depend not only upon thelr potential ra
solve problems of a b:ophystcal nature, but also upon thelr appropriste~

ness for the clrcumstances surrounding the decicfon maker.

These circumstances would conditlon the charactecistics of agroforesteyv
technology to be generated. [n this Tespeat, the apectsan of conceptual
Systems mentioned before offers the poastbtlity of folloving a pathuay
of f{ntensificatlion which would facilitate their adoprion by requtiring

only gradual changes jp existi{ng praceicos.
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AGROFORESTRY - BEVELOPING A NEW HESEARCH DISCIPLINE

BY

PETER A, HUXLEY
[.C.R.ALE,
P.O, BOX 3067;
NAIROBI

[NTRODUCTION

Is there really a place for vet another research discipline?

belfeve there {5, on two main counts,  The first, and more pragmattic

Ps that any new amateam of regearch [deas needs to he poaitivelv

encouraved and fdentitted a5 sach, vhether L2 aprings from enttirely

orfgina! concepts and practives or not,  This bs eoneLally g0 wnen
.

the component research dfactpitnes, tn shis ¢yae ot qurtc

;

t
torestry, have eotabllahed of wlnost 1 lenarate entl
The second s that @ opostiive thrngt towards The multip
land throuvh agceloreitoy technlgue: senerites o det Intze nee! 2o
appralae and re-cosemble our cedearch o tiea, sy as f . ke Lato
acvount the tncreased compledtfies o apace ant iae
be dealt w(t vlan, th

]
enquire whether oune methods of evaluating the utpata of gt torestoy

Coln aneh o avaten., We omlabt o aldd,

aystems, {0 ferms of The malfZints arodacts ot hene ite whbos fan

acerue, are up rto the fob

To thie extent, then, agroferestey researsh bs o new’ tiactpline,
O conrse, ttowill borrow andg adant exteling weil tried aethada

thuolutely tamiliar to redearcher: fn agri=alture, forentes,

ceology, biology and wo oa.

COMPEEXTTY OF AGROFORESTRY Y5 TRMS

Very tew extating agrotorestey svatems have bSeen dtudied crttically
aed so tar, many st awatt oven broad deascription. Magr o agro-
torestey dyatens have arisen throush the ontarprise of iadiganous
rural communitic: who hve, themaelyes, evctond them,  Whether

tt ts v home sacden o Indoonesiy, a4 mulsl storeved alxtute 3! frees

and agricultural cropas (o Ceatral Areri oy vt ai v soaatoaral
i i .

svstem of todder shrab o graaies (o s Sahel ansgeart tonag foag
chanaing the foputs {0 cerma of anaris! arraneement 5 L ther reenoral
HOQUAeRCeS an o cropa ot she o wery gt s mneean e s chamuaelyvas o gpe

unbikely, (o many coaae o) to by qaed o e aremont d ity he o aoas we

have so few to work wish,

A sclentist faced with the challenge of fdentitving Sotzienecks in
many azteforestry svatams, and of fniffarting (avestigations concorning
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¢nese, will often find a morass of variables to handle, and an acute
problem of sampliny, to face.

Tt 1s not d{tfi~e'r o gsee whv, Ficture a sv4tem consisting of just
M 1
y i

,
one multlpurnese woody anccies (say, lelwe.ptr el ) beln
] B L e -

v mitze

grown for both Padider and fuelwood, together wi
and a graln legume such as cowneas or fleld beana, We tieed o
optimize not only 4 cnolce of products 1o relation o the time soale
tn which they should be available to the Jarmer, ul als. maxintze
the altrogen ixing capacttles of the sheab; as well as wotl and water
conservation and sbelter-conterrin, beaettta, Thezie benet:its will
have to be balanced agatayse the water and nutrient ecunonlzs of the
varlous crop components, which @wil1i all aceupy land tor fttferent
periods and have o whole range of alternattve apatial arrangenents

and management operations (time of planttog, culttearton, tertillzer
applicattonys ere).  Such o relatively aimple agrolurestoy svatem

fa one which mor?t research workers are not, 4« yot, fantllar wizn
handliag.

THE VALUE OF Woob'y PERENNIAL SPRO RS
An agroforestry svater (o tnteaded o he sustatnable.  Uhat {a L2

18 supposed to lead to taad tmprovenent rather than degradattion

while at the same time, nresumably, avolding an {ncrease (0o weedlnens
and a bulld up ot peats and dtseaqsea,  dun merely olding trees and
shrubs fnto a4 loud use svatenm achiteve thia!

Certatnly, i manv ecologfcl reglons the fertility atitus ol the top
layers of the gsoll can be foproved by planting trees or ahrubs
(Kellmen, '9/9). These can change the soll tertility szatus both
horlzentally and vertieally o an oxplottable wav, withoat
necessarf{ly {ncreastng the total ferttility ot the avatem - althoughk,
{f levumes are uaed thewv mav, perhaps, by fixing atmespheric altrogen
wchleve thia Loo, [0 weneral terma, land can often Se aude moze
productive and less lteble to Jdexradation under woody prereantal

apectes because such 4 plant cover makes Ao less "leaxy™ for

1
putrients, lisht an! water aq compared with seadsnal voopn,

The challenve (n agroforestry redsearch (o o discover to what extent

leas than 4 ful! cover o trees or chrubs can

Jesirable effecta, whilat sllowing the land between to be ugad
. R

cotcurrently Yor crowineg seasonal crops or o groasses, and af the same

{feve these

time (nereasing productivity, at least tn the fong tem.,  What ic

making thiv fdea more fevaible now fs a4 hos

specles - the so caltled multipurpose trees - which can usefully {2t

tnto such avstems and provide 3 range of products andiar benefles
tev, 1979),

st of woedy perenntial

which the farmer wanta (.. Bur

The place which trees or shrabs mav plavy in aftecring pest build up
{s certalnly 1 very complex one where, again, we unfortunately have

very tfew Jdata,
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EXPLOITING HETEROGENETTY

Ylant components in agroforestry svstems can be arranged as conplerels
inClmate mixtures, or (0 small zones within the =-ame untt ot land,
There are likelv "o be many aore upportuntties far mixed cropping
arrangements (n g "rioh" environment which (ntrinsteq]lv suppored

a large btomass, but Sonal achemes mav Be more tealisry s Ior Semi-~
ardd reglons. Alyo where plint gpectes, or SPpecieys miLtures, drfe
zoned the overall management may becose sinpler,  The nosstble
permutations {n geomerry ol agroforestrey -ystems L very large but
these two general approaches geem o be a srartiog

Whichever iy chosen, mixtures or Zoaes, there ts a chance to rake
advantage ot enviroumental teterogenefty.,  Much of temperate
agriculture and forestry has been atmed at spectalisation (heaogeneity),
which utilises the beneflts In ovutpat that cap revrue through zhe
relative ease with which varfous taputs can be added Jﬂd, nanagemant
procesges mandpulated, 5o a4 Lo optimlse such svatens. Howewver,
heterogenelty or variabiitey La a tundamental reature of! our
caviromaent.,  From among all thts apparent Jd{aorder we have developed
highly skflled wavs of handltng gample datay {un order ro try to
contatn varfabll{ty 4o a9 to underatand the matn tettures of L€,
However, udera of lund fa the tropics tnvariable exrlofs hetero-
genetcy, both I space and time. For exanple, 4 amall farmer wil
often arranye hls crops to take advantage o! the varled pattern
af wetl fert!lfty acrous Bis plot: alae he muv ase 1equsnt{al
plantings to obratln the bewr vrouth opporiunities, or to avoid pest
fnfestarfons as far as poasible,

P

Aprotorestry avatem. ol land-use, by tncorporating plant apecies of
very diverse economic Ufe apan and phenology, and with dtfferanc
spatial requirements, provide a4 better than ueual cholee ot
combinat{ons which can share the environmental richea avallable,

ACGROFORENTRY I3 FOR FYERYONW

Agrotorestry bas often been spoken of as particulacly sulzabie for
rragile esoevstems - o eattimated 2.5 x 107 ha {n the trontve,
These {nclude lesert tfeoinges, mounta'n slopes, aome cultivace! and
[ome not, as well as laces tracts of trepical foresta, The
latter are disappearing at, supposedly, iround 1 psreent a vear,
and are mostly beilny converte! fnteo aon-sustainadle antivuloural
systems (Mvers, 1920),

There are, o addizion, more than 1« Nk ba of carrently used
atable land fo the troptes, much of which we know ‘s undergoing

an o tnstdious declioe {n ferttlity,  Oae way ts overcome thic {s 2o
tnerease the level of fnputs, quch s terzil{zers, and to improve
soll managemont practfcees.  Although this wtpght be an ultimate

Roal for achleving the h{cheat possible aroductivity (Jde Wit let9)
an fmmedfate concern Qs how to make the hest use of what s Tesr il

avallable dn order to satistv *he needs ot tihe rural peopualatien for
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food and fuelwood etc. agroforestry svstems may well then be benericfal
for these lands too.

No dvstem produces something for nothing, but to maximize the use of
environmental regources and to reduce losses would seem o make good
sense, [t {3 for this reason that we most often hear aboul agro-
foreatry as betng appllcable to low Input svstema., Lt L5, however,
{lloglcal nor to constder 1t s 4 valtd alternative o anv other land
ude system, at anv level of foputy, wd to evaluate the posstbilicles

accordingly.

SOME PROBLEMS UNDERLY [NG ACROFORESTRY YESEARCH

These can be only brtetly sketched tn here. Inttilally, at leastc, we
are unlikely to have the luxury of expertmenting with entire land

uge systems, although thowe with much expertence will have, it least,
a conceptual appreciation or what ft {a they are handling. Thus,
tleld experiments will be concerusd with sub-syatems and with sydtens
components, aldso thelr (nteractfons, the magnttude o whtch will
certalnly be highly locatlon-apectritce,

Our knowledge of the plant component« in any agrnfZoreatry system

may be at qufte ditferent levelu, For example, the agricultural

cop will usually be well studfed, often with a1 wide range of 4elected
germplasm to choosde trom.  The treee ot shruba - particularly {0 theve
are new-Introduced multiourpode apecies - will be much leasqs well
explored,

There are aluo a host of U fferences tn bandling seasonal crops and
woody perenntal ones - bfologically and management-wise., For exaaple,
{n thelr Juvenile stage, woody perenntala will mout een be "domtinated

plants woen grown (o oa mixed cropping sltuation wiih 4 seasonatl or
with grassea,  Thia sltuation (s reversed after a4 tew vears as the
trees mature,  Many seasonal agcleultural crope are highly aclected,
seltf-pollinated and senetfcally homozveousn, Woodv pereanial <pectes
are often  cross-pollinated and highly heterozvgous, he annual
productivity of woody perennfals often depeads on what has happened
to them {n the previous season (oo, "hieantal bearing’), wd e can
even pe {ntluenced by what occurred In thetr early stagen of crowth,
Yet again, woody perennfals tend, more than teasonal cropa, te bdulld
up thefr problems as the voars qo by, eapeclally with regard T peat
manayement . The laad and sofl preparation requiced Yor seaqcnal cropa
and woody perennfals {s another obvious dfterence, 1s are the very
different harvesting problems,

“ith such
.
:

[f we are golng to mfx seasonal and woody pereantal crops
1 be needed

diverde charactertstics, then compromises in macagement wi
wit ch will almost faevitably make the svstem more complex ta handle.

RESEARCH TACTIUS

Once we have evaluated the svstems we are dealing ~ith, and have
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{dentified problems that requlre iavestigation, how do we set about
formulating a research prograame? Clearly there Is a vast
accumulaction of working material which forms the basals for thinkiag
about the management of land under any kinds of glant or plant/
animal assoclations. However, not all of it is in a form appropriate
to the extended ti{me frame and complex spatial arrangements which

we find in agroforestry systems. Purely heurtstic approsches are

not to be desplsed, but a new set of sound {ield research tactics

needs to be worked out If resources ave not to be swquandered,

Table 1 outlines the di{fferent phases and wtages of a research
programme for studying plants for ajgroforsuatry sy+tems and [ndlcates
the type of fleld approach which might be suftable for each. Both
mature and Juvenile phases of trees need to be taken {nto account.

[t may be poastible to utllize exiasting woody plant stands and
assoctattons (aurvey and simulatton techniques), and this ntght

be an advantage. Otherwiae fleld experiments «ill start with newly-
planted woody spectes, bearing (n mtnd that tt may take many years
betore these reach thelr mature phase (conventional fullv-randomtsed
or randomised block designs, or ayatematic deafgna may be useful
here).  What has been barely-explorad to date (s the relative cont/
effectiveness of these dlfferent approaches with regard to 4xto-

forestry.

Stmulacvton (Oldeman, 1980) starts with an accurate deacription of the
architecture and aging structuves of existing vegetation, and
ldent{ties opportuntities of replacing apecific components with swore
productive ones. Sampllng of extstling mature trees or atands,

around which appropriate agricultural crops can be tntroduced, can

be used with appropriate multivariate analysts technfques to look

at the crop~environment {nteractions, Feoleglats have heen using
such methods for manv decades to dlacover facts about the aasosfatton
of different plant gpecles In natural stands.

Conventional randomtssd block lavouts are widely uvaed (o agriculture

and {n forestry rosearch but, with the many varfables an! leveln
{avolved {n agroforestry tree/crop mixtures, the space they would
vccupy could become tnordinately large. [n these clreumitances thev
are of low efffctency with regard to space ugrilizatf{on hecause of
the need for (nternal guard rows: but they are robust destgns,

Svstematically desipgns use vory littie land and can ractiicate the
rapld reture of {nformatien regarding plant responses to a4 few
treatment varfables covering a very wide range of levels for each.
In particular they are valuable {n examintag 1 mador vartable, that
of changes {n plant population. Such destgns could be ainpltfied
$0 as Lo use them "on farm”, combintng farmer evaluatfon plus a

more detafled sampling of results by tralned field teams.

There {s no doubt that all these are useful field methods bur Just
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which need to be used in any particular set of agroforestry
circumstances has to be given careful thought, depending vn the
objectives of a particular experiment and the phase of the
investigation which hae been reached. Because c¢f the time scales

and costs {nvolved (n awroforestry research there (s certainly a need
to set linfted objectives,

EVALUATION AND ADOPTION

Evaluation of agroforestry syswtems poses the same kind of probleas
which are Intrinslc to the evaluation of any multiple-enterprise
system. But the complex{ty of agroforestry asystems, and especially
thelr extended time scales, pose specfal problems,

Often rather little {4 known about why farmers grow trees (other
than specific agricultural tree crops), what they hope tw get from
them and how they allocate resources to {mpruve this pare of thelr
system. “Convenlence' as well sy "Riak’ (Zandstra ez 2., 1979) can
fntluence decision making and adostion, an! these are matters which
are often largely upeculative at preseat, Techniguens asuch as linear
programming may often be {nadedquate to encompass the dvnamic changes
{nherent with time, and {t fa dtfficult to handle the large number
of cemponents, reutralnts and alteroative output goala,

The results of fleld research tn agroforestry should be presented
{n a form which will help olfer clear chotees to the land uacr., To
give one example, a complex multifactorial field experiment tn which
the results are given only as mean effects may have under-
emphasized the results obtatned between the highedt and lowent acts
of treatments, If the treatmentus and levela repreasent a aeries of
management {nputs then the farmer needs 2o be able to judge what

he {s likely to get back {t he (nvests {n them at aav chosen level,
In guch a1 sftudtion the experiment may have been better planned ao
as to obtaln as valld . comparison as possible between separate
{nput steps, and/or the treatment range rather than the acan
(Huxley, 1981),

Generally, cven where land tenure (s secure, farmers {n the Iropics
are more prepared to {nvest thelr resources, or at leaat a bigger
proportion of them, In short-term gatns rathar than long-tern
benetits, Where a community effort {s required the matter ts cfton
made even more {ntractable., [f land users are not already planting
trees and shruba, a general call ro do g0 mav well fall on dea? ears,
This has often been a problem {n promoting fuelwood lots, or the
planting of browse shrubs,

The simultancous use of land g0 as to cembine agricultural crops
with trees and shrubs mav be a4 solutieon to this prodblem, because

the procedures for plaating the woodv perennfals can be carried

"on the back' of those for sowing the short term crop. Certainly
the soclo-cconomic {mplications of agroforestey are a rich fleld far
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study (Openshaw and Morris, 1980).

AGROFORESTRY EDUCATION

I[f there {s to be a major change {n our spproach to integrate land-
uge (the solution to whi.:h may or may not be agroforestry in any
particular sttuation) where are the planners, redearchers and technical
practitioners to come from? Scilentiflc regsearch {s tundamentally
analytical, and tts pursult {4 largely a devi4ive activity. Education
on the other hand, has to be integrative from the outset, and
particularly g0 tf the reciplent {8 to become a productive partictipant
{n handlting land-use sydtems (Huxley, 197ca, b). The challenge

here (s ro devise much more appropriate and relevant educattion
programmes, because {t {3 doubtful whether merely adding yet one

more subject ("agroforestry”) to the curriculum wtll serve other

than to over-burden zlready crowded courzes and progravmes

(Huxley, 1980).

THE CHANGING SCENE

Three major changes have occured {n our approach to the development
of land tn the tropleg over the lasc decade or w0:  intercroppling
has become a reputable swtudy; atntmum/zero tillage with muleh
farming haw been ashown to ottuet, or even reverse the declinfng
go0ll fertility which occurs under continued cultivation (n the wet
troples: and tts potentlal for semi-arld regtons alaso looka
promisaing. Finally, and wmore recently, agroforedtry ug a system

of land-use has arouscd constderable {nterest.

The pousthilities of combintng all three approachea to {mprove and
develop productive and sustatnable land use awvatems (o the troples
{s enormousn, But tt will need aome rather broad-minded practitieners
backed by equally adaptable rescarchers, to cxplore the wide range

of possibllit{es open to us,

Any "new' discipline anust move rapldly from the Jdescriptive to the
experiment and developmental, and ft muat take care to avail {taalf
of all existing tnformation, daza and new tdeas. Dectding on the
most approprlate and eflfclent experimental aprreaches for the
various phases of lnvestigation {s an early priortty,
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Table 1

Stages In the executlon of plant research for agroforestry land
uge sydtems. A general appreciation of the tvpe of svatem, or
systems, being dealt with {s assumed. [f 4ylvo-pastoral systems
are fnvolved then animal research (mentioned specifically here
only i{n stage 2(D) would follow a parallel course.
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pooWitn , Lf : T oour any u! the L Kandemized blocks with or the adult
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tie. 1t the apecices ! : factiitate grazing ar Y otiwards)
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OBJECTIVE

TYPE OF EXPERIMENT

TYPE OF LAYCUT

TIME SCALE

To test unde: full-scale
trials a selection of viable
alrternative components cr
sub-systems based on the
inforzation from proceeding
experizents -0 - also te
include econcmic assessement
such as labour, costs,

etc, etc,

Large plot irvestigations using
orly highly selected treatment
cozbinations

P

andomized bleock layouts
vith or withicut internal
grards and with provisior
for thinning of the woody
coxporent/s

1 - 15 years

Evaluation of complere
systems

Large zrea investigarion

to appraise a cocbination of
technical, scological, social
and econc=ic factors

Replication difficule

Very long term

TABLE 1:

Different phases and Stages of ficld research for etudying plants {n aproforestry systems.
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INTRODUCTION

Woody perennial species (trees, shrubs, palms, vines) produce a multitude
of products and they may often nave functions which are concerred ~ith
soil improvement, climatic amelioration, or ameriry and sesthetic
purposes. So, of course, do non-woody plants. Indeed, arnual or

seasonal plants which also form ligneous tissues can simtlarly be used for

fuel, construction materfals and paper or board making, fur evample.

There are, however, somre characteristics of trees/shruds ete. which must
determine the ways these are utilized in land use systems, which strongly
affect the chofce of whether or rot they are {ncluded, or used at all, and
thus what overall type of system is under constderation {agricultural/
horticultural, forestry and agroforestry). These have been listed in the
Appendix and they are all the outcome, in cne way or another, of a ~00dy

perennial habit,

Some of the technical characteristics listed can, depunding on the soctal
and economic considerations, be considered advantageous or not depending
on particular circumstances. In any case, planting tress for any

purpose i3 a relatively long-term, less-flexible investment (in terms
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of cash or labour) than any seasonal cropping programme for land use;
because of thelr long land-occupancy choice of site and soil preparation
are more critical, and woody perennials tend to accumulate pest problems
to an even greater extent than seasonal crops, for which a break in

rotation can cften be made.

SOIL [MPROVEMENT CHARACTERISTICS

One major and positive aspect of tree/shrub growing is the capacity which

such plants have for soll improvement. Th{s {s because of the nutrient
cycling processes which occur and, In part, the mechantcal and physical effects
which trees/shrubs can have on soil (stabilization, reduction of soi)
surface terperature and other physfcal effects of a perennial plant

structure over the soil surface).

Woody perennial species can, therefore, matntain or ennince the suaszinihidry of
land use systems. The extent to which they do this oyer fime depands on

a number of factors: the climate and so0i), the spsacies of tree or shrud,

their number, arrangement and management. Also the amount of plant

materials removed from the site and of fertitizers and/or mulch naterfals

brought in,

High input/low output systems (in terms of nuirients and hiomass) e.q.
coffee farming and many frutt, nut, spice tree crops systems can be highly
sustainable or improving. But so can low input/low output AYSLemS . Such as
conventicnal natural forestry, as lcng as harvests are extended

over long nerinds, Plartation forestry, however, using fast-qrowing
species can be sofl dearading (Chijioke, 1980) as are many relatively low-
fnput/high-output agricultural systems (wattle, sisal),and a great many

low input/low output tropical agricultural systems which involve fnadequate

soil managerent techkniques.

Trees and shrubs may often be deeper rooting than plants fn the
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herbaceous layar, but this is not always the case. Their rooting

can also be very extensive (e.q. Olive, Sawaf, «r 2., 1978).
However, the location of the most active region of uptake of plant
nutrients is often fairly close to the trunk, although this can

change seasonally (Huxley, Patel, rabaara and Mitcnell, 1978 [.AE.A,
1975), and oniy a relatively small proportion ¢f autrients are likely to
be taken up from depth. Neverthaless, in terms of tota! nutrients in the
system as a whole this small fraction fs probadbly hignly significant

over time where the offtake of biomass ts restricted. ODepending on

plant population and arrangement, the more extensive root systen. of

trees/shrubs can  make the system less "lesky” for plant nutrients.

An actual assessment of the potential sustainsbility of 3+ <ysten depends

on the interaction of a qgreat many varfabie, (Table 1Y, We have {nforma-
tion about the effects of some of these but, cleariy, there 15 a4 groat

deal still to be learnt about others. Ultimately, a relatively simple
methodology for studying the oulcome in a site-ipecific way for agroforestry

systems {s neoded.

PROCUCTIVITY/SUSTAINABILITY

The potential of trees/shrubs for improving the custainability of land

use systems has to reconciled with requirements for productivity. Where we
are dealing with single product outruts (fruits, secds, timper, leaves)
this can be assessed using conventional economic metheds. Ffar multiple
output/long time scale systems there are, as yet, no satisfactorily
established means of approaching this. tirear prograrming techniques,

for exarple, may help to ascertafn what major features are contaired in the
problem but they do not provide us with adequate means %o ovalutte {t
(Dykstra, 1981). Other approaches are now being tried (Ethrington,

pers. comm,)
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For agroforestry systems which are concerned with muitipurpose trees on
farm lands the situation can be at least outlined by considering the
responsr. surfaces generated with time for both the productivity and
sustainability of any system where a replacement series of the tree
species and agricultural crop are involved. Such an approach fs a first
approximation which can be used for botn biological and ecoromic

evaluation [Huxley, 1981).

TREE CROPS - SOME MAJOR DEVELOPMENTS IM THE LAST DECADE

Agricul ture

In agriculture one of the most interesting develcpments with tree crops

in recent years has been a change to highly intensffled close-spaced
systems of growing trees. [t has occurred fr both terperate and tropical
crops (e.g, Huxley, 1974; A.R. East Malling Research Station, UL,, 1973 on;

Mitchell, 1975). This progressive step, which can shift potential
production to a greatly improved level, has come about through a better
nderstanding of the physfology of woody perennfals which has enadled us

to maintain tne frufting capacity per unit volume of small trees, while

exploiting the greater production per unit area of land which occurs at

higher plant populations than were gererally used before.

Another significant change of attitude has been the acceptance among
scientists of the value and validity of intercropping as a means not only
of satisfying risk and management requirements, but to increase biolegical
productivity {e.q. Wiiley, 1979 a.b). As tropical farmers in many parts of
the world commonly intercrop trees, shrubs and vines with herbaceous
seasonal crop plants the neced to understand the plant-to-plant inter-
actions at the tree/crop interface is clearly of value §f we are to

improve both the management and design of such systems (Huxley, 1990,

Cannell, 1981).



A major agricultural development in both temperate, and now tropical

regions has been a change in approach to scil managemnent. Zero or

minimum tillage systems these days form a valid, and in many cases much

more rational was, of maintaining productivity and sustainability than
hithertu, In fact, in

tropical regions, minimum tillace has always been an integral part of the

sof]1 management approach of many peasant farmers, and recent scientific
studies have confirmed its value if combined with plant residue or

mulching techniques, for both the wet and semi-arid tropics (UK. Zommorweal th

Secretariat, 1979; Lal, 1979).

From what has just been stated above about fntercroppirg it is clear
that we need to reappraise our sofl management practices in relation tc
tree-growing. At the same time bearing in mind that only shallow or

zonal-cultivation techniques have often becn applied to such crops.

Forestry

The change from exploiting natural forests in various ways (including
shifting cultivation, which {s a form of agroforestry) has, according to
resources, incorporated an increasing level of activity towards man-mace
plantations compused of single or a relatively few tree species. fhe
blological aspects of growing timber {n this way are fafrly well understood
(Cannell, 1979). There is however, a major area of relevant study con-
cerning the sustainability of plantation systems which requires careful

evaluation (Sanchez, 1979; ChiJjioke. 1980 and Lundgren, 1980),

Genetic improvement of foiestry species has been a feature of
progress, and most countries have seen the inclusion of a range of new,
productive, well_adapted timber species for plantation forestry in the

last decade or so. (e.g. Webb, Wood and Smith, 1980).



Perhaps the greatest and most significant change has, however, teer in
the whole approach to forestry through an acceptance that trees have
many functions and outputs other than provision 0f roundwood timtber. The
for.t policy of Kenya is an excellent Example. As with post cdevelop-
ing countries kenya's population is not only incressing rapidly (over

4% per annum) but by far the larger part of the populatieon relies on
fuelwood or charcoal for cooking and heating. Lland fs under considerasle
pressure for crop production. Yet until quite recently the forest
policy in Kenya was conservationist and timber-production orfentad
(0'keefe, Weiner and Wisner, 1981). The growing end obvious need for
fuelwdood has now engendered an entirely rew approact, which alse
encompasses the possibilities for providing many othur kinds of forost
products. Such new programmes are being promoted throughout the world as
“Social” or "Cormunity" forestry {Sene, Beall and Cots, 1917, FAC, 1978:

World Bank and FAO, 1981; [UFRO, 1981).

Agro forestrx

The provision ¢f a village woodlot under a community forest-y programme

Is probubly best considered as "micro-forestry” as, basically, it depends

on the same type of resource-base as does conventional forestry

(allocated land, shared or hired Tabour, similar nursery techniques, and tha
same fast-qgrowing tree species). Aqroforestry systers are concerred with

& more intimate arrangement of trees and crops, often en the farmers'

land itself, so that the resource base and the kinds of tree/shrubs

species used, are likely to be very dffferent.

There are many kinds of agrofarestry systems which have evolved
throughout the world as the logical outcore of the land users' choice
of plants which will fulfill his needs for multiple outputs (Chandler

and Spurgeon, 1980). What they all have in common is an association
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of trees and crops (or grasses) ard , hence, multiple outputs from

the same unit of land.

In order to understand and improve these systems, or to devise new ones,
it is necessary, therefore, to know about the interactions hetween tne
plant components, both for the short-term aspects of productivity and the
longer-term ones of sustainahility. wWe want, also, to have a clear-cut
diagnostic for comparing all these forms of land use lagriculture,
furestry, agroforestry). It is in this context that the potentials and
restraints of different types of systems have to e fully understood, and

the role of the tres in overcoming thece restraints evaluated.

One of [CRAF's main tasksis to develop the approprigte rathodologies
for doing this {Steppler and Rafntree, 1921), but we stil] need a Jreat
deal more detailed knowledge about tree-crop-environrent interacsions to

enable us to achieve practical improverents (Huxley, 1981b).

Depending on whether the tree-crop frteraction {s fivoursble or other-
wise, the layout of agroforestry systems can te Irranged so as to
maximize or minimize the interfaces. The maximal amount of irterface
can be achieved througn some form of mixed cropping, and the minimum in
a zonal system. The latter may also be chosen {n order to simplify
management procedures. For example, 'Alley cropping' with leeieen:

leucocephal: and maize fs one form of zonal agroforestry, {Raintree, 1980},

A consequence of fnterest in both community forestry, and agroforestry
has been the exciting number of potentially useful spocies of trees and
shrubs which have been reviewed and which now appear to be extremely
promising components in a range of different systems. Some have been
predicated for particular purposes (e.q. browse, International

Livestock Centre for Africa, 1980; fuelwood, Mational Acadamy of



Sciences, 1981) but, in fact, many of these species are multipurpose,
providing animal fodder, fuelwood, building materials, medical products,

dyes, and so on. They can also be used for woody mulch material,

One major difference they have as corpared with most of the petter known

timber species (ﬁhuclgpcuu, Mrwg etc.) 1s that their form and growth
habits are much better suited to crop assoctatfons, and to manayement
techniques which will maintain their productivity whilst reducing

competitive attributes,

A key area of research now 1% to evaluate these species as widaly as
possible and to exterd our search for more. As many of ther are
leguminous the added possibilities for ritrogen ficaticn make *hem of
especial interest ir Jand use systems, even those where fertilizers are

used, because of the present-day nved to redyce the cost of such {rputs.

special uses of trees

Falling into bath rangeland minagement and agroforestry (sy!vo-pastoral)
systems th» use of browse shrubs and fodder trees fs now seen as a key way
of supplementing animal feed. Weody perennfals have often been viewed, irn
the past, as being detrimental in grasslands. While ft is true that

wrase production may be reduced, overall production of total fodader, or
protein, may not. Furthermore, the phenclogical responses of tipes and
shrubs can be difterent, sometimes very differont, from that of the ground
vegetation. Hence, they can extend the supply of avetlable feed materials
fnto unfavourable seasons in a very significant way. There §s now
considerable interest in using trees and shrubs in this way although there
are many problems in increasing the tree cover in arid and semi-arid
regions, especially where there are occupied mainly by nomadic pastoralists

rather than by settled inhabitants.



Another 'special use' area for trees and shrubs of all kinds {s to
assist in the rehabilitation of degraded areas. Such 'fragtle
environments' as mountain ecosystems, desert fringes, tropical acig
savannas and areas where deforestation has resulted in fmpoverishad and
weedy soils. In some cases re-afforestation may be the solution. 8yt
in others it is not, because of the population pressure and the reed for
food production. In these cases, some form of agroforestry may be
appropriate and the choice of tree or shrub specles could inclyde a
mixture of these which will provide not only conventional fruit crops
but species which will supply fuelwood, fodder, building materials ang

other products (including honey) .

Finally, a most important consideration in many lang use Sys tems

around the world, and especially in the tropics, 15 the use of trees or
shrubs for sofl and water conservation, as well as for windbreaks and
shelter. The technical aspects of using plants as windbreaks are largely
well-fdentified (with the exception of water-use considerations, which

can ve especially important ia arid reqfons}. There i+ stfl] much to be
learnt, however, about how best to use trees for sofl and water conservation
tn the tropics. The wider fssues of the effects on the hydroiogical

cycle of complete tree tover, 15 compared with other forms of plant cover,
or bare sofl has certainly been looked fnto (Perefra, 1979). Altnough
some fnformation 1s available {Tejwani, 1979; denner, 1580; Thomas, 1931)
what is much less wall-defined {s the best way to ut{lize a less than

full cover of trees, such as one will find in many agroforestry systems.
Complete intact rows of trees along sofl conservation terraces may presenc
few problems, although there is a need to explore the most suyjtanle species
in terms of productivity, their interactive characteristics with crap

plants, and their water yse (Zeuner, 1981). Mived cropping svstems present
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more difficulties, and the form and nature of agroforestry systems of
this kind need to take into account the effects of the trees 90 sgil
and water conservation if their potentials for benefit in these respects

are to be realized.

CONCLUS IONS

Trees and shrubs have many roles %o play in improved land use systems -
especially fn the tropics. The recent changes in attitudes fn agricyl-
ture and forestry, as well as the appreciation that agroforestry systems
are of considerable relevance to sound land use in many situations, means
that we have to re-appraise the range of woody species we might use, as
well as the .nanagersent systems which we mdy wish to subject trem to. In
many sftuatfons well-tried sofl crop systems, providing a sirgle product
are, of course, essentfal and still amenable to consfdarable further
conventional refinement through improvements in germelasm, nutrition,
pest control, and a range of management factors., The possiniitties for
changirg forestry enterprises so as to provide more widely for the well-
being of the rural inhabitants, or of modifying agriculture so as to fnrclude
some possibilities for the farmers themselves to offset their own fuel-

wood needs could undoubtedly be fryitful.

A more direct and positive approach is also needed to look at the role

of trees for all kinds of purposes in agroforestry land use systems. This
requires a rapid re-appraisal of existing technologies and the developrent
of methodologies for evaluating and comparing different schemes with

a view both to optimizing production, and at the same time attaining
sustafnability. The latter is particularly important because so rany
tropical arable systems are undergoing a slow but insidicus declire in

sofl fertility., [f mixed tree/crop agroforestry can be encourajed, using



the capacity of trees and shrubi to make the systems less “leaky",

then the benefits can be great indeed.

1



REFERENCES

Bene, J.G., Beall, H.W., and Coté, A. 1977. Trees, seil and people:
Land management in the tropics. pp 52. IDRC - 0B3e. int.
Dev. Res. Centre, Ottawa.

Cannell, M.G.R. 1979, The biological opportunities for genetic !'mproverent
in forest produtivity. In "The fcology of Zven-aged Plantations” (&€d.
E.D. Ford) Proc. IUFRO Conf. Edinburgh, Sept. 1978, Pudb', oy {TZ,

Chandler, T. and Spurgeon, D. (Eds.} 1980. Interrational Cooperation
Agroforestry. Proceedings of an International lonference, 1é-

in
2 M
July, 1979, Nairobi pp 469. [{RAF, ‘Nafrobi.

'7 P

Chijioke, E.0. 1980. Impact on soils of fait-growiryg species tn lowland
humid tropfcs. FAQ Forestry Paper No. 21, FAJ, Rore.

Commonweal th Secretariat, U.¥. 1979, Froceedings of the Approvriate
Tillage Workshop. IAR. Zaria, Nigeria. 16-20 Jan. 1377
pp. 161, Commonwealth Secretarial, London.

Dykstra, D.P. 1981. Food and fuelwood: a preliminyry ratnematical
programming analysts for an " eec: village in Tanzania, op 123-134
in L. Buck (£d). Proceedings of «enya National Seminar on
Agroforestry, 12-22 November, 1940. [iRAF, ‘iatrobi.

Huxley, P.A. 1974, Potential new systems for parenntal zroptoal et
crops, Irn Proc. 3rd African Symp. of rortfc. CZrops, Natrodt,
Sept. 13-21, 1973, [nternational Soc. Hortic. Scb.

Huxley, P.A.; Patel, R.Z.; Kabaara, AM. and Mitcnell, M. 1574,

Tracer studies with 3P in the distribution of functional roots

of Arabfan Coffee in Kenya. Ann. appl. Btol. 77, 159-123,

Huxley, P.A. 1980. The need for agroforestry and special constderations
regarding field research, pp 117-142 in "Nuclear techrigues tn the
development of manaqement practices for multiole cropping systems”,
Proc. Advis-Group Meeting Ankara, 8-12 dct. 1979, IAZA Teen. Doc,
235. IAEA, Vienna (also suoplementary apperdices from [CRAFY,

Huxley, P.A. 198la, The role of trees in agroforvstry in 'Proc. of
Corsultative Meeting in Plant Research and Agroforestry ', 8-15
April, Nairobi.- in preparation, [CRAF, Mairobi.

Huxley, P.A. (Ed) 1981b. Proc. of Consultative Meeting on flant Research
and Agroforestry, 8-15 Aprii, Natrobi. - in preparaticn (mireod
report available). [CRAF, Nairobi.

International Atomic Eneray \gency. 1975. Root activity patterns of some
tree crops. Joint FAQ/IAEA Jivision., Tech. Rep. No.i7C. pp. 154,
[LALEA. Vienna,

International Centre of Livestock {n Africa. '920. Proc. of Interrational
Symp. on Browse in Africa, Addis Ababa, 8-12 Aprid, 198 (in
preparation). [LCA, Addis Ababa.

International Union of Forest Research Organisation. 1980. Research today
for comorrow's forests. QDeclaration of the Wil TUFRO World
Congress Kyoto, 6-12 Sept. 198}



Lal, R, (Ed). 1979. Soil tillage and Crop production. Proceedings
Sems. No. 2. 361 pp. [.I.T.A. Ibadan.

Lundgren, 8. 1980. Plantation forestry in tropical countries -physica!l
and biological potentials and risks. Swed. Univer. of Agri. Sci.
International Rural fevel. Centre. Rural Devel. Studies %o.3
pp. 134 and appendix. Uppsala.

Mitchell, H.W. 1975. Research in close-spacing systems for intensive
coffee production in Kenya. pp.58. Feported from AR Coff. Res.
Foundation, Kenya 1974/75. Ruiru, Yenya.

National Acadamy of Sciences. 1981, Firewood Crops - shrub ang tree
species for eneryy production. pp. 237. Nat. Acad. Sci.
Washington.

O0'keafe , P.0.; Weiner, D.ond Wisrer, 3. 198]. The tai! that wayged the

dog: a cautionary story of forestry planning in “enya. pp. 133 -192

in Proc. Kenya Nat. Seminar on Agroforestry 12-22 Nov. 1980,
Nairobi. (Ed. L. Buck), ICRAF, Hairobi.

Pereira, C. 1979. Hydrological and soil conservation aspects of
agroforestry pp. 315-326 in 'Sofle Research in Agroforestry’
(Eds. H.0. Mongi and ©.A, Huxley). ICRAF, Nalrobit.

Raintree, J. 1980. Report on the l.owsiew: - maize - yam aligy
cropping farm trials (UITA}, pp. 19. (mimeod) Agric. fcen. Unit,
Farming Systems Programme. [ITA. Ibadan.

Sanchez, P. 1979. uoil fertility and conservation considerations for
agroforestry systems {n the humid tropics of Latin Arerica. pp
79-124 in "Soils Pesearch {n Agroforestry” (Eds K.0. Mongi and
P.A. Huxley) [CRAF, MNairobi.

Sawaf, M.M.:Ansari, M.A.; E)-Sheikh and Sinfaz, M. 1973. A study of the
root system distribution of Olive, grape and almord at £1 Marj,
Jebel el Akhdar, 45pp Report of Agricultural Research Centre,
Tripoli, Libya.

Steppler, H. and Raintree, ). 1981, The [CRAF rossarch stralesy in
relation to plant science resedrch in agqroforestry in “flant Research
and Agroforestry” in preparation, [CRAF, Nairoht.

Tejwani, K.G. 1979. Soil fertility status, maintenance and conservation
for agroforestry systems in wasted lands in India. pp.141-174 1p
"Soils Research in Jgroforestry” (Eds. H.Q. Mongi and P.A. Muxley)
ICRAF, Nairobi,

Thomas, D.B. 1981, Agroforestry in relation to soi) and water conservation
the utiliration of steep slopes. pp. 235-250 in Proc. of Lenya
Nat. Seminar on Agroforestry, 12-22 Nov. 1980, Mairobi, (fd. L. Ruck}
[CRAF, Nairobi.

Webb, D.B.; Wood, P... and Smith, J. 1980. A quide to species selection for
tropical and sub-tropical plantations. Commonwealth Forestry
Institute, Tropical Forest Paper. Mo.15. Oxford.



Wenner, C. 1981. Trees in erosion and soil conservation, pp. 199-234 in
‘Proc. of Kenya Mat. Seminar on Agroforestry' 12-22 Nov. 1980.
(Ed. L. Buck), ICRAF, Mairobi.

Willey, R.W. 1579a. Intercropping - its importance and research needs .,
Part 1. Competition and yield advuntages. 32,1 -0,

Willey, R.W. 1979b. Intercropping - its i~portince and research needs
Part 2. Agronomy and research approaches. Field Crop Abstracts
32, 73-85.

World Bank/FAO. 198) Forestry research needs in de.eloping countries -
time for @ re-appraisal? pp. 56. Paper submrtted to the LUFRQ
Congress, ¥yoto, Japen. 6-12 Set. 1981,

Zeuner, T. 1981. An ecological approsch to farming: Some experiences
of the agro-pastoral project, sdyabisundy, Ruanda. pp 329 - 160
in Proc. of Kenya Nat. Seminar on Agroforestry. 12-22 November,
1980. (Ed. L. Buck). ICRAF, Mairobi.

Table 1 (Cont.)

Nutrient (Fertility)Status of Soil in 5 (10,15,20) years time
. ((awmtl-twmnt) (ts-mntl-[e'(snh) (fc-(cnh-tc'(cnh)

N is the current nutrient (fertility) status of the soil.

A'(A) B'(B) C'(C) represent the groups of factors catagorized
above.

Lo = present time and t; 5 years hence (t,, t,, t., could be
incremental 5-year periods).
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TABLE 1

LIST OF FACTORS AFFECTING NUTRIENT STATUS OF THE

SYSTTM
Hatural Man-Manipulated
. o (Al ) .
ENVIRONMENT (A) Soil characteristics (A") Soil management practices
Topoqraphy Soil conservation practices
Climate (Rainfall) Water conservation practices
PLANT (B) (B4)

Characteristics of
species used in systems

- Growth (habit/rate)

- Rooting characte- Plant ranagement
ristics

- Potential useful Harvesting Prograsme
biomass and techniques

- Nutrient content of Fertilizer practices

plants
- Canopy effects (on Training/pruning/{harvest-
temperature, through- ing of leaves/wood)
fall
SYSTEM
CHARACTERISTICS (C) Space Layout and (C') Management efficiency
arrangement of plant
species (positions
and dimensions)
Time Cropping
sequences, Crop succes - Timeliness
sion and land
occupancy
{Consequences of hetrogeneity in space and time)
Nutrient Budget (N) = Accumulated inputs (sofl and plant

biomass) - Accumulated losses

(but processes are not Tirear with
time and soilfortility status does
not depend only on soll nutrient
status).



APPENDIX

CHAPACTERISTICS OF WOODY PERENNIALS WHICH INFLUENCE LAND USE DECISIQNS®

A. TIME/SPACE CONSIDERATIONS

1. Length of (economic} life cycle

7

Affects many tssues for both nigh and low economic input
land use s34 teins.
a) Restricts “lovi=itiry of managerent plans

) Restricts responses Lo changing market or other economic
conditions.

jo g

c) Investment is long-tern

d) Returns in early years are smal! or non-ecdistent

e) Certainty of land tenue 15 wvery important (Perennials
sometimes arrfect this)

f} Restricts aszociated crop plants {1 any) to those that
are compatinle,

g) Accumulates pest problems

h) Benefits of 4 permanent plant establishment have to be
considered (eq. effects of <ofl, shelter etc.)

i) Possible risik of pericds of climatic or man-made adverstties
need to be considered e.g. likelihood of drought, hurricanes,
fire etc.

2. Size and form
a} Must relate to avatlable space, where this is small, - plants
must be managed to keep them small yet productive.

b) Must relate to the jand user’s abflity to handle and utilize
vand S0 A5 to be made availtable te animals, {f appropriate):
special rquipment may be peoded.

c) Considerations of "preference”

d} Problems of climate have to be considered (high winds, hatl,
salt-spray etc.!

¢) Management can involve heavier "costs”

* See also Huxley, P.A. 1981, Some characteristics of trees to oe
considered in agroforestry. Poster paper presented at the
Consultative Meeting on Flant Research and Acroforestry 8-15 fpril,
Nairobi, [CRAF, Nairobi.
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3. General

a)

b)

c)

d)

e)

f)

Sometimes involves a greater degree of skill {management and
labour inputs than with seasonal plants)

Ability to keep animals away Cuan he freportant - especially
at the planting-out/early yrowth stages.

Need for especial care and manajement in early stages
has to he considered.

Water availability in dry areas can be important for
seedlings and establishment.

Marketing of some tree/shrub products may e less well
established and/or stage life of product (fruit) s short

Total outlay {money, labout, skills) can be higher than
with seasonal crops.

B. MANAGEMENT UNCERTAINTIES

a)

t

c)

d)

e)

f)

Heterorygosity caused by many
tropical tree/shrud species being
outcrossing,

Variability of genotype

For less well-known muitipurpose
tree/shrub species.

Availabitity of seed

Seed germination Few remain in myior crop planss

problems - (eliminated through selection) but
various forms of germination
regulation  {hard-seads, specific
requirements ! and short-tem wiadiTity
need to be locked o4t for,

Lack of knowledge Well entanifsned for cvop plane
about adaptability for - varfeties and fruil and fo-eqt *rpe
specific sites spacies. Letailed intor—2ion

still needed for —any =~ tipuyrpose
and functional trees/shruds,

Seedling/young plant Requirements for shade, protection,

management ~  nutrients, effective irnoculation
(Tequres), training, pests and
diseases planting out reguirnrents
{including land prepar-aticn) -
unknown %0 any extent far Tany of the
'new’ spocies.

Responses to manage- Efficiency of different types of plant
ment in mature phase management in optimizing yield ard lerath
of economic production period.
- again, these are not known for species
of recent interest, in most cases.



2.2 PRACTICAL EXERCISES

o AGROFORESTRY FIELD TRIP T0 KIAMBL UISTRICT
(Peter Huxley and Fred Uwing}




AGROFORESTRY FIELD TRIP TO KIAMBU DISTRICT

- Approx. 75Km

This short tour cakes us through some of the most fervile areas in
Kenya and traverses a wide range of land-use systems. We go froa

Nairobi (altitude 1660m, rainfall 1200m p.a.) to above Limuru (Up-

lands) reaching an altitude of 2240m raintall 2 100wm L) .
¥ P

Below Nairobi ru the Socth and East (see Machakos District Tour)
there i3 less rainfall and, for example on the Thika Road, tre some
old sisal estates, miny now turned into cooperative ranched.  Above
this zone the coftee stares, redaching {te rost productive arnund
Kiambu {altitude 175%0m). The <vils in this pars are Xikuvu Hed Loams

derived from weathered phonotite (0 massive lava flow) amd ia most

parts, they are very deep and fertile (sve Coffer woila in Kaonva and
Their Characteristics ete "by &, Mehlich, Coff, Res. Found. A.K. 1956767
1963). In some parts of this area, particularly in zheltered valleys,
intensive banana/maize cultivation is prevalent, also with caize/beans

and "suluma wiki'", & collard-type brassica which stamds repeated leat

harvescing.

Further up the altitude ronge (and consequently with higher ratnfall and
more acid soils) one comes across dairy enteeprises followed by 2o, At
the top of this altitude range there is torentry (includiag plantazions

of, mostly, Pinus radiata and Cupressus lusitanica) with sheep wrazing

um clandestinun

A

on the grassy dareas between (a4 typical grass here is P

"Kikuyu grass” which is very deep reated and provides wood grazine).

The Tour

We start by leaving Nairobi City along the Linmru (Uplands) road, joining
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it at Muthaiga where we pass through a segment of the Karura Foresc,
The indigenous species here include:-

Croton megalocarpus, Brachyleana hutchinaii, Albizzia gummi fera, Teclea

trichocarpa among the dominant forest species while the undergrovth i3
composed predominantly of Clausena anistum and the refuge Lantara camara,
Of particular interest are the remmants of the monZase solerophyllous
forest which covered the whole of this area prior to farm serclement.

Further on, we will see remnant sigus of the original wontane rais

forast in the scattered single trees of Podocarpus pracilior, Jlea africana

and Polyscias kikuyueusia, Some areas here alzo been et Jdown to Plaa-

rations of:- Juniperus procers (an indigeuous pymosperm which yields to

STOP | Crossing the bridge after passing through indigenous forest, we
can pull off the road a litele higher up and view the pluntation

of Cupreasus lusitanica (LH). We then continue uphill wery soon

reaching a coffee catate (RH) with large

STOP 2 mature trees of Acvocarpus fraxinifolius on the right side of

the road, and Jacavanda mimosacfolia on the left. This is well-

kept, unshaded coffee typical of the carefal ly-managed crop vhich
yp " 3
produces some of the highest quality product ie the world.
STOP ) Further up the road we have an opportunity to stop to view the
¥ P )
general landscape (to the right). Trees form an integral part of the
3
land surface. Population per Km™ will be around I00-400 peravas
(nore the many dwellinegs). Trees are beinge used 10 hedgerows,
for shade and environmental benefits, in fuelwod lots, and there
are also some timber trees, including 1 tow indieenous apectes
remaining from the forest., o general, farm 2ice 1% smalier hore

(about 1=% hevrtares?) than on the return route we shall take,



where large tea estates, dairy farms and coffee ectates will be scen.

Apart from introduced species, miinly used for fuclwood or timber (e.g.
Cupressas, Pinus, Crevillea ete.) Two of the $ dpecies of indigerous
Croton are common here. Croton macrostachys (from 550 - 2200m) and c.

megalocarpus a larpe tree, similarly widespread, which can be dominant

in the upper-storey in places.

Leaving thia place we continue up, Occastons! fruit trees (o be seen
in farms are mangoes and guavas, but it is too high to yruw papaya
successtully here.  Further up we shall see pears, poaches and plums.
Note var.ious types of hedperows.  Several apecies are used, always ones
casily propagated. Cupressus lusitanica apain (Zrequently same plants

are allowed to grow tall and all the lower branches are Lopped tor fuel),

Kai apple (Aberia catfra), Croron spp, Buddl i poluvat

halum manaii (this {8 commoaly uird as "toilet paper’),

18 sometimes grown in hedypes and cut for poles.

You will see maize (usually maise/bears interveopped) right up ro the
highest altitude, even though it grows very short and rakes a loag time

to mature.

sTOP 4 (Above Rosslyn 5School) At this altitude the fanduse is begin-
ning to change to dairying and feelwood tozs. Note the lacrge
number of trees of different specieos left among the grazing
tand (RH) - But further ap these good pirstures are beiny turned-in
for cultivating crops (LH).  Black Wattle ‘Avacia mearnzit) can

Narvk ., bBut an

be seen planted in wood=lots (alan vrow for it
many places 1t has secded and sprend o0 waste pactches. Neto

relatively larpe plantation of pears to the beft tmiddbe arapnea) .



To rhe right hand side ot the road we pias o tasge tea vlantation

(lookiny rather patehy), unshaded bur with Hamed saligna used ds

a windbreak,

We then proceed vight along a road iato Limuru town. Iemediately

on the left after the curn {4 a wattle nlantation.

We proceed through Limuru and take o new farmic road past Uplacds,
On this roate we shall see various exanpled ot plantation furestry
on the Lari Yicarpment. The origintl laund-use (o

to che varly 0y {nvolued clearcutring the tndigenon montane forese

and replacemest wita Fast=prowing exotic tree spevivs tmatnly Cap-

ressus lusitanien, s opazula, Pooradiata an

in large plantations ad government=owned Lagd,  Sinoe the apd 'eg R

of this forest has been  vxcided €or human settlementys elther oo

individual busis or as co-operatives.

You wil! sce or vour way a l15-year old Cupreasus lusitanica plan-

tation marked for thinning. You will also ace the performance

.

of Bucalyptus paniculata on a flat water “logped site.

STOP 5 We stop at she "Look-out-poine” to dtsvuse the plantations., Alse
there is a fine view over the Rift Valley and the sharp gradation
in rainfall to the semi-arid plains is obvious - with conseqguent
changes tn vegetation. What prospects are there for agroforestry

in the drivr parts below us?

Trees obviously play an important rele in most arcas that we have scen on
this route.  Are thev alwavs the most productive aadior the hest suited
species howevee?  Inomany cases the band-user seems o have siven some

thought to tree/shrub arrargement =~ bt are hese aptimat !



The return route will be throupgh a similar transect bur illustiating
larger farm sizes., Mote the well-prown rea (BY) with the original "shade"
trees {Crevilica robusia’ wing-toried and kiiled.  Cther tes plantations
can be scer. (far lett). Further down the aill we pass through Arsbica
cotfee plantations = shaded here - aud then back into the banana/eal ze
zone.  And w0 o return to Natrobi - Note that theive are sorme large plots
of land adjacent to the road here, with well went hedy-y and decorative
trees/shrubs, this beiue an area which was well-settled in tne past vith

gome large houses close to the road.

The final entry into Nairobi is back through the Karura Forest again.

Dr. Peter Huxiey Dr. F. Owino
[.C.R.A.F. NAIROBI UNIVERSITY

APRIL 1981
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#~ « GLOBAL INVENTORY OF AGROFORESTRY SYSTEMS: OATA COLLECTION
GUIDELINES
o [CRAF FIELD STATION
(P.K. NAIR)
¢ THE ENVIRONMENTAL BASIS OF AGROFORESTRY
{ ANTHONY YOUNG)
o THE ROLE OF WOODY PERENNIALS IN ANIMAL AGROFORESTRY
(FILEMON TCRRES)
o THE USt OF ECONOMICS [N AGROFORESTRY
{DIRK HOEKSTRA)
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o _AMULTIPURPOSE TREE DATAPASE
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® THE TREE/CROP IMTERFACC
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{(with updatieg a5 cf November 1132)
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Nair









by competent individuals whc are knowlrdgeable about local and
regional agrofcrestry nractices;
iil) conducting literature <earcn to fdentiry, ossenbile, ard catalogque as

much documentary rates 1a:s as possible an saon systems,

Evaluation
Evaluation ¢f tne fata that are so cbtained will be dore to highligat the
distinguisming craracteristios and merits of tre uystem,, diignese their
inkerent weaknesses nd operationsi censtraints, 3ad thys indicate mathorde
for “repairciag”Sretinmeg tnen. A grinary cvaluation could be done even
frie Seevtees Of an sooart vonsultant ror data

while collecting the fata.

collection ang ~valuatson wiil He obtarrnod,

synthes i

The information tnal amanates from evaluttion wiil be realed tcgether for
each major geographical recnlogical regicn.  Taé 3yatens from <imélar ecolo-

qical reqicns are eqpected ty be vic.carcaliy seai’ar, though soctalogicaly

not An apprars ] of Auch samlasiries angt dissimitarities wil! not enly

indicate resedron prioertiog but u150 reveat e ponsiuliitiesy of adepting

alternate approacnes that are of orover vaius in similar sityat'nn;y else-

where.

4. Qutput

Ar agroforestry Data Bank: a comprehensive compilation on agreforestry
systems, their s distridbution, basic characteristics, functional weaknessss,
ooerativnal conatraints, nossible ways of imoroving them, and sources of
inforation. e Lata Bankowill atse facrtisate ubsequant p-tdating of
global <tausstics on trends iroagroterestes,

An Agroforestoy Sy tens Rogesters contairing detaiiod and devorizioya

fnformation on the catyoqued sys<iooms, Hiniiariltes and dissimilaritics



of systems under idertirisd scolngical situaticons, and literature =atracts

]

and documentary materials rocglting from meayl ant ieid Suryey aciiviliey,

various puolicatinr wo o Drought gutl 10 divseminate ne tutfometion L0

gathered,

[dentivication 1t ontentia. qetbod, 02 vrmee e Sysiens, vesesr.n
needs and oD and approach for Juvther aetrganior, iy coulte leag

te specifi. cotlancrative rasearon/deve apten® srote.ts te the fulure.
2 [ J

Indications on <ome specitic technoleogy conpenent. for furtner testing

and evaluation at (L3 fieid Station, Machako and elgvanere,

5, Implerentaton ohn
Reqionn

Althouyt. tne ccope at tne tudy 15 world-wide, 1v will, naturaily, bhe
confined o the deunloping countries where Tand y.e nysieas sirttar to
agrofore.try are practisud, Moreever, tie sty aiTY rawr vy R dtmitea

Lo countriog 4m05e polrlice] Sptem perriit frewm soieLs D L tuidy Aersonne
Since the S Ugdy vprea watefsty tnroagh ot Che e ooy countrren, by
pecesaary b rade toungbiosal uwnits . e Loe 't te twd wyy . o ritavlien
eueh unit,: geoartabiood and cooleperts Abarough oot oabsat granping
has some advancags,, 'bow i boe proy it opeob om0 tredt maantude.

Theretors thy orvoaey proupgit) nas 0

)

e hane t en gRragmanttoad

rors ey
tions: with e o« ach geegraphical region, tiere cogld b acstagiial aud-
divisions.
The primary grograyhical regions are desigmated as foitows in accordance
with the grouping that aas coer adovtad for [CRAF'R Celavgrative and
Spectal Projects frograme

ToSoutheast Ast

South Asia



3. Mediterranean

4. Sub-Saharar Africa
- East and Central Actrica
- west Africa

Y. Arerican Troptios
Under each of these qeagraphical regions, thare will bs:

a) ecological sub-divi.tons fhuntd lowland, arid and semi-arid,
highlands}; and

b) wocio-econumic stratification,

Personnel

The project will be bascd in Navrobi and coordinated Dy the pruject laader
Or. P.K.R. MNair, who {5 ar ICRAF senicr saientis®t {ore staff, e wil) Se
assisted by consultant regtonal coordinators are =3’ fur 2ach jeogracnicy!
region.  The follewing fndividuals have been tdertifred . rogional ca-

ordinators:

SL Asia - Or. J.U. Madamby
Directur, SEANTA, (o fans,
College, Laguny 3720, Phili pines

South Asia - Dr. X.G Tagwani
Land Use Tonsultart; | Interrational)
25731 0Yd Rajinder Magar
New Delhi 110 06

india
Mediterrancan A - Or. M. Baurer
The Middle East Clos des trois ning

446 Combde caude
F 100, Muntneltver, France

Or. A. Getahun

fast and Central

Africa & Humid Energy /feveionment Intarraticnal
West Africa PO, Box L 3P0
Nafrodt, xenya
Semi-arid and Arid Praf. -0 von Mayde il
West Africa World Forestry institute

Leuchnerstr, i
2050 hamturg 81
dest Germany
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American Tropics - Dr. . Budow, o
Head, RN/ F-cgran
carie

Turritalhy, fosta Kicy

In addrtion, a concultan’ ha, been identitred £ 37,058 un data collectinn
and evaluatice procedure. He 1s5: Prof. TR Specding, Fawulty of Agricylture

and Horticulture, tniversity o7

The regionsi co-urdinatoer. W11 urgantze Dhe Wori utiiizieg their instity-
tioral,perseral contycty wrthin Ine conton. Qunending on the individual
VHRUdhiur, e oo ar g el fee, Yo tee rpgaangl co-nrdinators wtll oe
PN edtyraaa sy to e Ders st conoerned, or Lo the instilution wits wntch
they s alidened Any Lpen Mo woer 4mg nate, gt pemee,, dbout whion
[CRAF comes Lo know Joncernimg & reqton, »til De Drought to the atlention

Of the reqgpe tive regional ce-ardinator.

The projuat legde, with tre aotize supscst o otror IGRAF wraf' and tne

regional co-ordinators wil? entogt rne coaperatior of edividaals wite

extensive reqronai or mationdd crowlaedge on gororores ey Systems and 11t ae

whth relevant ins ot ution, having coritderanie rheld vapertenca an lang yve
stems (e.r FAL, NISTY L MAR rograa, et -,

At the proeot nepdgudrters o0 avtensr, o o emntalint L nandle the

matl ervey arst icerature serrin o Sappart syfrowlil e rogieyiton Joratiy

for secretaryas, daty analysis and other necessory Aertstance,
6. Scneduls
6.1. Planning Fhase
- identifying the -wgronssrogiona’ cgordirators,
= sugaesting o ogeneral Classification of the agroforestry yiten.

- develeping a checklist and overational framewort For coilection

of data;
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- organizing o planning workehes of regional coordirators and [CRAF
staff to discuss tre operational framework 2nd cecicde the regicnal
action plan.

6.2. Survey/Data (nilecricn Phaga

- the regional coordinators travel to the respective regior, ind
collect the: data From ail available sources ard compile the
infermation 2. envisaged,;

- detailed caur Studies of specific gy tems within a regron, as
deemed necessqary,

- the coordinatse nther M) Staff trave! to the regions for fielg-
work end or-the-<not studies;

- Yiterature review arf mar) survey continue from the WG,

6.3. Evaluation Fnaee

The coordinator, the [URAF ceaff, resional coardinators and consultants
assemble a9l the headquerters 20 1 MC-progect 30praiial, when progress
to-date will be vvaiuatad and furtner cogr<oe of action decided.  Methods
of daty evaluatior wi'l aisn 2o tecided, ralitwing which the regionyl
coordinators wili unvdertate o evainacte the Jate, keeping ia nind the
objectives nt she wepcige. The decunent rier [Systems Register and
Data Bank; witi be built us for each geograpnical region and/or ecological
sub-divicions,

6.4, Final Compilation and Publicaticn

This wil! be nandled by the coordinator and the documentalist at the
headguarters, the datyils could be decided in course of Lime in consulla-

tion with [CRAF stary and the reqional coordinators.
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6.5. Time Frame

Phase/Activity

Injtiation

Curation

1. Pianning

{Pegional ceurdinators
Worksnop in Nairobi:
2. Data collection

3. Evaluation
(Mid-project appraisal

Workshoo in Nairobr)
4. Final comuilation

5. Publication

Octover 1582

January 1983

January }98¢
Jan-Fed 1984

July 1934

To be ready
by mid-1985

Three months

Ine year

Six menths

fen months




[NTERNATIONAL COUNCIL FOR RESEARCH [N AGROFORESTRY {ICRAF)
P.O. BOX 30677, NAIROBI, KENYA

GLOBAL IMYENTORY 0i AGROFORLTIRY S

DATA GOLLECTION SUIDELINES

[. GENERAL CONSIDERATIONS ON DATA COLLECTION

1. The scope of the oxercice i< to have a reconaissance, state-of-the.
art, descriptinn of the waisting aqreforestry systems around the
world. The data collection has, therefore, to be organiced to

Fulfill this obiecttve.

2. [ s expected that profe . iong ' b various fouelns w1l be snvolved
in the data collection owroise.  Sut 1t e Irpartant that the
SUrveyors nave a reasonabiy dcoentable Jewal o unders tanding ot
the concepts and practices of land use Systems tn genarsl and aqro-

forestey in oarticgiae,

J. A defimition of Ajrotorestry thet Can be used For the purpose of
data collection 15 "Ayraforestry 15 a colloctive mime tor land use
systems an which woody perenntaly are deliderately Srown on o the ame
prece of land as wgrmicuitural craps and,or gl , 21 ther 1n some
form ot spatial arrangerents ar in sequence . In yoroforestey systoms
the woody component interacts ecoloqically and ecanomically with he
crap and/or ammal companents.  Such interactions wtil take many
different formi, both positive and negative, and they need not memain

stable aver time.

The aim and rationale of most agroforestry systems are to optimize

the positive interactions 1n order to obtain a higher total, a more
diver<sified and/or a more sustainable production fre. the available
resources than is posstble with other forms of land use under prevail-

ing ecoloqical, technological and qocto-economic conditions .

The undertvang princyples and concepts of agrotarestry rather than g

detinition cwee e shoubd! e e maan constderation Thus, 3 general

Do that oany mnd b de Tard wae vy s tent, nowne b woody

Vit teraon coultd



perennials canstitute one of the discernible components Uy opertaning
a clearly distinguishable functior can be considered AGrOrares try

for the purpase of this project. Here a9ain, 1L a5 up o the technicgl
discretion of the individuals whe collect the data to qer rhe frmite
and criteria to decide which of the practices can be tncluded tn thys

project.

The enclosed data collection format provides a ceneral framewort for
the survey. [t consists of three parts: the first one 15 intenced to
assemble general description of the area and other backqground informa -
tion that are relevant to a description of dominant “agroforestry”
systems and practices; the second deals with describing the struZture,
performance, dynamics, socio-economics and other operationsl fealures
of the identifind cynteme and practices 1o as much detayd as possidle
with emphasis on ouanivtative datd; and the third part gims 30 gn
analysio OF Lhe cwotom in fermy 0f 18 merity, Sonn Teginty, wedanestes,
extrapolability, cotentialys to tmprovements, resedech neody ) %o,
However, aince the type of trformation to be gathered and the naturs of
questicns to be addressed to accomplish the tack wil!l wvary depending
upon a numher of focal ractors, the surveyars ars frae 2o Jdeviale from
the format as deemed necessary,  The questionayire may be considered

as A purely explandtory quide Lo drepare an account of e sy stem/

K] '

practice that 1o Hetng dea ribedd,

The data collection format may appear to de rather eannaustiee, and @t
may not be passible to get answers, especially 1o gquantitative terms,
to all guestions that are posed. However, answers to all pornts may

not be necessary to prepare ar overview of the system.

A flexible procedure may be adopted also for classifying the systems.
Several criteria could be used, for exampla: the role or function of
woody perennials in such systems, proportion of land used by the woody
components, type of output, level of management, temporal and spatiai

admiture pattern of components, eotc, 8ut the lTack of 3 urtfied

classification system shoptd not be g eayor problem te the early data

collection phase, and the strateay <hould he ta collec? 111 poasidle

intormation on a1t Pygrers ot paentora ey Ly i homg A g trees 2hagt

AP et i, it poeag Py et e e
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7. The size of the basic date collection unit 15 yet anotiner $syuie L4 Lo
considered, if not resolved. Since the project’'s objective 15 to collect
a comprehensive account of the systems, rather than aiming gt tn-déptn
studies or farm-to-farm surveys on any particular sestem or Lubh-sys ten,
it can be contendad that the Hasic untt snould e Drodd piugh U
substantiate the nrevalence OF the practice guer 3 red50n1bie eaten?

ot area. Moreover, the boundaries of Lhe syifteo il al,0 ey

T e

NG upon the question that 1o being addressed.  ©oe wyipe,
genaral description of the background infammition, the bounddry wtli

be the whole locality or area where the system 1S practised. Un the
other hand, for answering specific questions relating to 2 operationsd
unit, the boundaries will refer to thase of the farm or the field that
constitutes such a beasic unit.  Aqain, the prudence and dtscretion of
Geve U by ALty an

the persons who collect the daty witl be tne major

tnis respect,

8. The PUrPOSEe O Sy e desCripiiony 1y N0 nee L 4rt iy e D mi ey Goe

system with anothar,  Therstore the approach L aould be 19 Glve phystaal
and quantitative daty {(to the ptont possibies) than Lo englge 10 Com-

parative nirrations.



<>

Pt DATA COLLECTLON FuRMAT
Part 1

BACKGROUND IHFORMATION

This reters to a locality or SUL SregIen where dagrofaresiry -type land use
systems and practices are known to ecist, A qeneral account of the focation
may he given on the Followimg aspects with v view ro concentrating on agro-

forestry systems/vractices and desoabing them 1n more detar! as outlined

in the later sections.

T-1. DESCRIPTION OF THE AREA/PEGION

11, (’iffp(_zrijp_hvi“c

Country

Province
District/Locatior
Altitude
Latitude(s)

Longi tude (<)

dther description

P-1.2. Biophysical environment

L1200, Climatae

Rainfal! pattern (intensity, quantity, distribution, etc.)
Temperature reqgimes

Other distinct climatic features

1.1.2.

~o

Edaphic

S0il types

topographic patterns
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1.1.2.3. Ecolnyy

Climax vegetation

Distinct ecological features

1.2, LAND USE 5Y5TEM,
(Give general but brief descriptions of the major land use systems

of the locality)
1.2.1. Agriculture
General situation (subsistence/commercial)
Major crops
Cropping aystems

Livestock nruduction system

1.2.2. Forestry
Natural forests
Plantation forestry
Socral forestry

Farm forestey

1.2.3. Commercial Production Systems

1.3. AGROFORESTRY-TYPE SYSTEMS/PRACTICES

Give briet and generat account of the currently practiscd land use
systems and practices that have relevance to agroforestry: detatled

description of the systems to be given in later sections.

Shifting cultivation
Taungva

Farm Yorestry



Smallholder plantation croo production Systems
Tree inteqration on farmlands

Silvopastoral

Shelterbelts

Others
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Part_ 11

SYSTEM DESCRIPTION

This part may be completed scparately for each of the major identified

agroforestry-type landuse system/practice within eacn locality/sub-regicn.
NAME: Give an abstract or descriptive name of the system/practice.

2.1. ADDITIONAL BASELINE DATA

2.1.1. Environnent,

- Agro-ecological zone
- Special conditions of soil, t-pography, climate, etc. that
facrlitate or compel the land users to practice agroforestry
= Hydrologroal Features
(including seasonal waterlogging, watershed cnaracteristics, etc.)
- Other distinguishing physical, environmental or ecological
aspects by the varluence of which the system/practice stands
out ir relation to other land use systems and practices in the

locality,

2.1.2. Sociv-Economic Characteristics

- Size of the management unit (range as well as mean)

- Area and number of people involved in/supported by the system/
practice

- Land tenure system

- Demographic factors
population density, land pressure (number of people or families
per unit of cultivable land), migration patterns, sex ratio, etc.

- General level of farming/development activities

S Marketing tacrbrtres (Excellont Gonds/Fair/Poor)

S Credit facilityes (Eveellent /Good s atr/Poor)
J



- Roads and other infrastructur: (remoteness of the area)
(Excellent/Good/Fair/Poor)
- Cooperatives (Excellent/Good/Fair/Poor}

= Other special socio-economic features, if any

2.2. STRUCTURE OF THE SYSTEM

(This will essentially refer to the basic (representative) agroforestry
unit - a farm ar a field)

2.2.1. Bio‘ogival Cumponents of the System

2.2.1.1. Crops

- Species

~ Varieties

- Their management aspects
~ Number cof crops per year

- Cropping pattern/rotation/mixture

2.2.1.2. Trees and other woody perennials

- Species, varieties
- Products
- Tree management

Average life cycle of the tree as well as its production

cycle within years/seasons.

2.2.1.3. Other plant species (including weeds) that are dominant or

have a useful function.
2.2.1.4, Animals

- lype and role
- Humber per tarm/family

- beeding pattern

- Other detay iy



2.2.2. Arrangements of Components

in time )
) describe with the example of a farm/field
in space )
- Number of components per farm of avera;s St

- Specific admixture pattern especially Dztween trees and crops

- Management considerations in arramgement of components

2.2.3. Interactions
in time
in space
- Nature of interactions
e.9. - direct (fodder trees for cattie}
- cyclic (crop residues for cattle)
- competitive (crops vs tree,)

- others

- Magnitude of interactions

- Easily recognizable interaction effects
2.3. SYSTEM FUNCTIONING

2.3.1. Resource Input and Utilization

2.3.1. 1. Quantity
- Give a general account of the resources (land, labour,
capital {7) and others) that are used - their nature,
gquantity, utilization aspects with respect to time within

A year/seasons, eto.

2.3.1.2. Pattern

- Avar labir ity and supply pattern
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- Bottlenecks in timely availability
- Effect of uneven availability fexcess/shortage) on the
functioning of the system
2.3.1.2. Sources of [nputsy
- Source of seeds, fertiliZers, etc.
- Inputs frem outsice the system (e.g. seeds, fertilizer,
animals)

- Price data of inputs and source of information

- Power sources (anirals/mechanical (tractor)

2.3.2. Production

~3
(o8]
~
—

Quantity

(quantities on the basis of average farm of given size)

- Agricultural commodities

- Fodder and other fends “or cattle
- Fuelwood [ firewood/charcoal)

- Poles

- Timber

Honey

- etc.

2.3.2.2. Pattern

- Seasonality of production

- variability (season-to-season/ycar-to-year) of production

- Efficiency of production (1nput-output relationships for

the scarcest resource ™)

Producti1on for home consumption versus market ecancemy (export)

2.3.3. Protective and e Adpects ot the hystes

- Son D managenent considerations
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- Soil impravement (specific)
~ Soil productivity maintenance (spacific)
- Soil conservation (specific)

- Microclimate amelioration

- windbreak/shelterbelt
- shade

- etc.

- Fencing

- Hydrological cycle/catchment area effect

- Other recognizable effects on farm/area basis

- How eoffective is the system in its protective/service function

(qualitative assessment at this stasge)

2.3.4. Socio-Economic Lescription

Obtain specific socio-economic data as much as possible on the

basis of an average tarm on a yearly basis wherever possible:

- Capital peaks/avariability
- Labour peaks/availability
- Cash-flow (input/output)
- Family labour utilization pattern (male/female)
- Impact of technological inputs (improved seeds, fertili, rs, ctc.)
- Special note on the specific type of land use practices adopted
by women
- Relations between specific ethnic groups and particular agro-

forestry practices

2.3.5. Overall Performance Assessment

At this staoe, a comparative asssement may be made of the

functioning of the particular system in relation to other tand



use systems of the localfty in terms of the production and

protective/service role(s). It will be of particular sigrifi-
cance to see what would be the condition of the managerent unit
without the agroforestry component (which would be possidle by

comparison with similar units without agroforestry).

2.4. SYSTEM DYNAMLCS

2.4.1. Rate of Growtn/Shrinksge

Indicate the expansion/shrinkage of the system over time in terms

of the area covered.
Reason for shrinkage (doclir2)/growth

- Demographic ractors

- Technological advances
= Urbanization

- Social factors

Other factors

2.4.2. Degradation of rthe tystem
- Case-history of the breakdown
- Main causal factors
- Erosion problem
- Soil fertility problem

- Weed infestation

OQvergrazing/desertification
- Qthers
2.4.3. Improvement of the System
- Significant innovations for improvement of the system over

the past few years
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- Impact of modern technology
- Role of extension agencies
- Other organized governmental or such other

assistance

2.4.4. System Sustainability

= Productivity pattern over time

- Impact of technological inputs on productivity

- Rate of change of land's capability to sustain production
at a certain level

~ Effect of the rate of production of one component on that
of other component(s)

-~ Major determinant factors, the manipulation of which can

affect the efficiency of the overall system.

2.4.5. Special Features of the System

- Highlight any outstanding features of the system/practice (e.g.
specific management aspects that can cause reduction on inputs,
association of particular ethnic- groups/races with a system,
notable success stories, etc.

- Indicate special aspects of the system/practice that warrant

detailed tollow-up study.

2.4.6. Data/Information Base

Highlight any past/present/future research on the system/practice

- References to documents and other information sources on the

system/practice

- List of institutions and resource persons or relevance to system

Other information/data of significance
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EVALUATION OF THE SYSTEM

Based on the information gathered thus far, a preliminary evaluation of

the system could be attempted.

3.1.

3.2.

3.3.

3.4.

MERITS OF THE SYSTEM

Conspicuous advantages of the system in {ts productive and/or

protective functions. Give comparative figures {if available.
Indicate the value of the systeam {n the specific socio-economic
and ecological situations where it is currently practised.
WEAKNESSES

What are the salient points of weaknesses

- Climatic

- Ecological

Biological

Socio-economic

l

Managerial

Socio-political

What effect does each of these have on the system's performance
CONSTRAINTS

What are the major constraints in the operation of the system

- Inherent weaknesses mentioned above

- Input constraints

Infrastructural problems including markets, roads, etc.

- etc.

POTENTIALS

Reasonable expectations on patential accomplishment under different



3.5.

3.6.
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levels of input, ecological constraints, etc.

Potentials of non-monetary inputs (timely sowing, appropriate

management system, judicious plant combinations, etc.)
Potentials for improvement in the performance of the system

Potentials for manipulating the system/components to solve specific
problems and meet particular needs such as soil conservation, food

production, silvopastoral production, etc.

EXTRAPOLABILITY

What is the extrapolobility rating of the system if it were to be
tried in other areas with similar/dissimilar conditions, and what
will be the degree of success under each?

What aspects of the system neads to be modified to make it widely

extrapolable?

[ndicate the general areas of research at the system and the component

levels in order to refine the system to make it more productive,

protective, widely adoptable and efficient.

Y
-
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ABSTRACT

ICRAF has undertaken to develop an Interdtuciplinary Diagnostic and Denign
methodology for agroforestry, to aseflst agroforestry woskers {n {dentiiyting
priorities for technology-generating research, based on deafygns for
appropriate agroforesatry technolugles derlved from a dlagnosis of the needs
and potentfals of land use svitems. After tnfttal development and testing
of the DA&AD methodology tn more than tweaty 4ites around the world over the
past two years, [CRAF has produced thewe dratt sufde!lines Jor Ao mzvar,
agmosts ! leain and a companion volune entitled Aessurges o
Ayruforeacry Magmoal s .l lewtn, They are belng publiehed In wuralng
paper form In order to tacllitate early dtaneaination and wider fleld
testlag ot the evolvtiog aethodology and to eltelt comments and
suggenclons for {mprovements to be Incorpurated (nto subsequent editlons.
The present document provides an (ntroductlon to the Clagnost{c and
Dentgn methodology, covering the loglcal trameworkx u! the nothodulogy, an
outline and description ot the Hlep-by-4tep nrocedurea, a Jlacusaiou of
manpower requirements, the scale and tialng ot DSD activities, institutional
conslderationn, wte. Although the ecaphasiy s on the use 0! the (WD
methodology at the foroulation stage of agroforentry projectas, the role of
the continutng dlagnosis and Jeslgn process as part of the project’n
"tnternal guldance wvatem’ te also discussed. For sore detatled procedural
guldelines and a varlety of uneful tools and matertalsa, the reader {»
referred to the companion document.
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HOW TO USE THESE GUIDELINES

Although this document {3 fntended to possess 4 stand-alone capabilfey

as a gource of basfc guidellnes fotr the dlagnosls of land use problems
and potentfala and the design of appropriate agcoforestry systems, {t s
also intended to be usded tn confunction with the coapanfon volume,
Reaources for Agroforestr, inagnosis and Lvaiyn (I{CRAF, 1983) and uvther
methodulogical publications from ICRAF (e.g. Youny, 198): Hoekstza, 19873;
Huxley, ir preas).

The Sutdalinay preseat an (ntroduction tu ICRAF's Diagnoals and
Design Methcdology, which vutlines the logicai frasevurk of the D&D
approach and presents the step-by-step procedures (n atnimil but
dufficlent detail for users who wish to zake use of the bastc framevork
vhile filling in the details themselves. The Agoources coatailn a nore
detatled set of auggesated guldelines and worksheets, along with a
compendtum of useful tools and materialy, to ald ta carry‘ng out the
procedures outlined tn the Juidelinagy.

The D&D Methodology has been desigued to fit a wide range of
applicacions and must, therefore, be taflored to the redources aad requiresents
of specific insat{tutional settings and types of applicetions. While the
basi{c methodological framework outlined in the Cutdaelinca ia quite generally
applicable across a broad range of clreumstances, not all of the considaratioas
and procedures contatned {n the Regources will be applicable to every
sftuation. The user must plck and choowe and, {n the final analvatls,
angemble hin own adapted set of detatled procedurea. For an overview of
the D&4&D approach and a sende ot what minimally akould be tucluded (n an
application of the methodology, the user should cuasult the presunt
Guiculings. For more Jetatled suggestions ou how to carry out speciftc
procedures, and for access to a varflety of dlagnostic aad design tools and
regource materials, the user (s referred to the Nugo:wows. The two-volume
format has been chosen as a means of factlicating case and flexidbilizy ta
the use of the D&AD Methadulogy.

It should also be rmphastaed that thin 1s an wvoliing methodology.

The present set of documents have been published {(n Workinyg Faper fora in
order to obtaln comments and suggent lons for {mprovements of the acthodology
to be {nccrporated {nto tuture aditions {n the D&D Manual Serirg. Suggeationa
arialng from actual applicationy of the methodoloxy in the field vill,
obviousaly, carry geeater welght (n subsequent ruevistona than those reaulting
from a4 mere readiapg ot these documents, but all manner of critical -oview

and comment {e welcome.

The present documents conceatrate primarily on the use of dlagnostic
and design procedures at the formulation stage of agroforeatry projects.

To develop gound technologias to fulf4ll the Jlagnosed agroforeatry
potentialy, however, will require a sensattive approach to project sutdance
which could benetlt from an extenston of the basic D&D procesa {nto the
{mplementation stage of agroforestry research and development projects,
This will be the subject of aethodology developaent efforts for future
nanuals, and spectfic suggestions from project laplementors un how to
accomplish such an extenston of the DAD process will also be aoat velcooe.

Finallv, the ulttmate objective of uatag the Jlagnoatic and deatlgn
process to advance the scfence and practive of agroforeatry {n the f1leld
can only be accomplishid through knowledge aristng from . large number of
applicactona tn a wide range of different phystcal and socivecononir
environments aronnd the world., To factlitate the documentation and
dissemination !t fwiresults "UKAY has {nltlated a publication series on (zse
Stwdioe fn dyrofomeatry Dlamosins a1d Aailga. Case atudy teports will be available
from [CRAF on request, and users of the methodology are encouraged to submit
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1. GENERAL INTRODUCTION

1.1 OBJECTIVES OF THE METHODOLOGY

The atm of ICRAF's Diaguostfc and Desfgn (D&D) methodology {s tu assist
In the destgn of appropriate dgrofarestry systems, as a conceptusl bawis
for che ldent{ficatton of research needs and the fornulation cf agroforestry
research and development projecty. The @ethodolegy 1s directed towvard
meating the needs, Holving the probleas, ur realizing the potentials of
pectfic land use wyscens, The procedures dencribed in these guldelines
lead to the deslyn of one or more agrutoreuntry technologles which appear
to have the porentfal tu efrect reallyrfe {zprovements in the target land
use dystea.  The resulting "Gestgn concepia’ mdy then serve as the baatls
for plannlng a research bprogramme to develop the {dentifled agroforeatry
technologles chrough a combination of on-uite and on-station research.

Although the logle of the DaD methodology {4 applicable to a wider
range of tectinleal options, and while non-agrofourestry alternatives are
glven due coastderation (n the course ot the D&D process, the methodology
has been desfaned to tocus  on 4 nystematic cons{deration of agroforestry-
related aspeces of ex{sting land ume #ystems, L.e. not to miss, through
lack of appropriate analvefcal techniques, any s{gn{f{cant agroforestry
potentia.s which may be  Inherent in the land use aysten.

A problem-ortented or dlagnosttc approach in udopted as a logical
route tothe poal or poud agrotorestry desipgn and the basle methodological
guldelines have heen adapted to the need for an efficient ‘raptd apprafsal’
approach (Chambery, 1941) o project formulation. The anthodology
fncorporates elements ot the Farulay Syatems Reaearch (FSR) approach
(Colltnson, LWMl;HllJvhrnnd,lWHl;ZJuxtru CLoal, 1981 Shaner of 21, 1982) bue Aven
bevond the content ot et Ly FSR nethodolngles {n order to addreasd the
broader range of produceion and conservation roles which can poteatislly be
played by anrotorestry.  Although o major emphuals {a placed on the
househo 1d nundagenent unfc as, in most vatges, the bantc dcclalon~a¢l1ng unit
vis-a-vig land dse, the methodology rmploys a sltding acale of analvals
ranping from intra-household processes to the local compunity, regional
and natfonal levels or soclovconemlce and ecosystem organisatton.

While the facus ot the preaent guldelines {a on the use of the D&D
methodology gt the fermulatton Stage of azroforestry projects, a continuing
role for the bawle 24D process s envisaged throughout the life of 4
pProject as part of {ra "{nternal guldance avatem, '

1.2 AGROFORESTRY DEFINED

Agroforestry Iy a collective term for systema of land use (n which voudty
plants (trees and shrubs) are drliberately combined on the samc lang
manavement uanft with herbacceoun crops and/or animale, elther in scae form
of spatfal drrangement or ln sequence.  For a land uae system to fall
vithla the Concept of agroforestry, there should be both ecologlcal and
econumlc Intecactions between the =wody plants and other cosponents of
the syutem (Lundgren, 1982) .

Agroforestr, miy {nvolve the tategration of treea into farming systems
or cropa and MNMvedtock fnro forests, In practice, a high proportion of
dgroforestry aystems involve the gRroving of trees on vhat (a primartly
agricultura! laad. Crop or l{vestock production on land devoted primarily
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to forestry is less common but also within the scope of agroforestry.
To avoid frequent qualifications, the terminology used here and in the
companion document (ICRAF, 1983) is phirased primar{ly {n terms o?f
agroforestry applications in faming systems, but the methodology s
also applicable to the design of appropridte agroforestry dystems for
forest reserves (see the companion document for specific guldelines on
forestry applicat{ons). Similarly, the term “farmers' {s emploved, for
brevity, to include all :ctual or potential categories of land manager,
{ncluding pastoralfdty and forestery.

1.3} THE DIACGNOSTIC APPROACH

One of the major principles underlying the Didgnostic and Design
methodology (s derived from an analogy with medicine f.e. that digmiete
should preceds treatment. lo the tlrut {nstance, this means simply that
research oriented toward the deveiopment of new land management technologles
should be relevant to the asctual needs and potentials of land use aysteasa.
It {8 no use developing a technology which works beauttfully on the
research scation Lf there are reagsons why 1t cannot be taken up by a
afgnificant proportfon of the Intended users.  Rather than leaving such
aspects to chance, or to a later 'evaluatton' stage {n the project cyele,
the dlagnoatic procedures are {ntended to inwure that the redvearch
undertaken (s orlented Ln the right directifon from the start so thuat
the technology to be leviloped will be relevant to the oeeds of the area.

The analogy with mudicine entalls the further faplication that priority
should be glven to the developaent of problem aoluing agroforestry
technologles. While {t fu true rhat agrotorestry holds promise for achleving
a4 wide range of land uvue potentials, 1t aeems obvious that the priority
clatm on the ude of acarce tesearch and development remources liew in
developing agrotorestry's potential to provide urgently needed solutions
to pressing problems of faillng production systems and degradation of the
resource base of future generations. As in aedlical practice, the princtple
of triggu applics.

Furthermore, there {w ttttle use (n conductiag wophisticated reacarch
to realise some tdeal couception of the btological potential of a land
use aystewm as long as the system {n question is auftering frox crippling
problems which prevent {t from achievinyg those potentials. By analogy,
there {3 no use in trytng to make an athelete out of someone suflferiny
from a chironic debllity. lhe deblllty must first be renoved belore Che
patient can go on to realize his atheletic potentials. The ‘patienct’
in D&D perspective ls the existing land use system and a dlagnostic approach
Is a divect and logical route to the reallzatlon of system potentials
through the tdent{ffcation and removal of system constraints.

While the med{cal analogy may help in dofining standazds for agroforestry
practtce, the sltuatfon {(n agroforestry departs from that of madicine in
at least one very lmportant aspect: In agrotorestry the acthods of
"treatment’ have frequently not yet been developed or sclentifically
proven. In the present ecarly stage of the sclentific development of
agroforestry there are tew ‘off the shelf' soluttons. Hence, the need
for research before widesoread cxtenslon of agroforestry technology. Hence,
also, the need for a reliable and efflclent methodology for {dentifying
priorities for cost-effective research based on sound agroforestry deslgns.

¢

N
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1.4 CRITERLA OF AGROFORESTRY DESIGN

There 18 no substituce tor svad design. The criteria of good agroforestry
design are threefold: preductiotity, vustainubility and cloptability,

The {mprovement of productivicty, or output from the land, (8 almost
everywhere required, by goveraments as well a8 by farmers themielves

and needs no further discusston here. The %ustalnabill:y' criterion

is an attempt to operationalize the conservation objectives of agroforestry
in terms of the farmer's production objectives. In post cases it ceans
that production atms should be achleved without degradatfon of the land
resources, Where degradation has already occured, agruforesery technologles
may seek "o reverse the process and place the production dysiten on a
sustained-yteld basiy.

The 'adoptability' criterfon neans that the techniques and systeas
proposcd for development should be capable of adoptlion by a signtficant
percentage of the intended users. This lmplies, for exaaple, that the
technologles musat not call upon I«€adources which the farmers are not ltkely
Lo posnenn (e.g. excesaive captital, machinery or labour requirenents) nor
be {ncompatible with unchangable features of the ex{sting land use systenm,
nor require forms of management the farmers are unable or unwilling to
adopt (e.g. kecplng liventock off pasturcs for prolonged periods). In
recognizing adoptabtlity an 4 deslygn criterion on an equal footing vith
product{vity and sustalnabtitty, the agroforestry designer accepts the
challenge of addressing the soclal as well as the phyaical dimensfons of
land use syatems. The D&D zethodulogy (u tntended to provide assistance
in carrying out this more demanding, and yet potentially far more
succeasful, approach to des{gn,

1.5 RAPID APPRAISAL AND MULTIDISCIPUINARITY

Although the D&D proceduren are adaptable to a4 range of different needs
and applicattons, the bastc Ruldelines are designed to allov the uge of
rapid appraisal methods by a highly qualtfied vultidisciplinary team.

A rapid appratsal approdach ta adopted for practical rensons:

the planning of research and developuent projects s usually subject to
constrainty on the cosnt and avatlabtility of askilled manpover which ofteu
scverely limit the time avallable for aurvey and resaarch planning activities.
This 13 particularly true tn the cane of agroforestry, vhere the broad
scape of the subject rormally requires the participation of several
disciplines tn order to {nsure adequate dlagnoet{c coverage and a broadly
concelved approach to design.

1.6 MANPOWER REQUIREMENTS

Manpower roquirements will vary with clreumatances, but a alnizal DAD texm
should normally tuclude one or more ropresentatives of each of the
following disciplines: agrioulturel cetance (general agronoay,
horticulture, and livestock sciences), fo:rvotry (in the broadest sense
{ncludtng, tf ralevant, {ndividuals with 1 knowledge of horticultural

and mult{purpose truves), aoctal gotfance (voclology/anthropology, human
Beography and cconomics), and raturms! acignsva concerned with land resource
survey (ccology, solls sclence, climatology). Within theage broadly
defined disciplinary categorias, Renernlists vill normally be more uyseful
as members of a D&D team than narrowly speclalined individuala. It may
often be posstble to economize on the manpower requirements of 4 DD teas
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by recruiting individuals who combine within themsclves a working
knowledge of wore than one discipline (e.g. climate and s0ils knowledye
in a land evaluation expert, natural and soclal usclences in 4 geographer
or a human ecologiac). Arrangements can usually be made for consulesation
with speclalists to supplement the knowledge of the generalists when the
need arfges,

Whenever a technology Kenerating research project {s to be formulated
on the basty of the D&D Survey resultd, every effort should be wade to
{nvolve the eventual technology developers directly In the prucess as
members of the D&D fleld team {n order to maximize the understandtny
and uge of the results by the most directly relevant reciplencs.

L.7 THE INSTITUTIONAL SETTING

The {ntended users of the D&D methodology Include: rusedrch sclentluts

a4t national and international research lasctltutes, land une planners and
resource managers, developament project fmplementation staff, rural develap-
ment  fleldworkers  gng mon-gevernment organtzat{ons, universfcy
redearchery, and representatives of donor agencles lnvolved (n forzulacing
projects to support agroforestry research and developmeat activitiea ac
any of these levels. The wethodology can be flexibly adapted to neect

the needs and }cuourcun of these varfled fnstitutional settingy,

Glven the need for research {n the present state of agrotorestry,
primary emphasis s placed on the use of the methodalogy {a foraulating
research projects to davelop and test needed agroforestry techuology,
but there (s nothing to preclude the use of D&D procedures to arrive at
agraforeatry deslgns for more direct development-orfented applicattons,
particularly {f the deverlopment protect lncorporates a researcn vanpoient
Lo support the testing and reffnement of the proposed aprofurestry uveccan.

Many client nstituttony wishing to make uue of the DD eethodoloyy
will not posvess g atanding D&D survey team of the destred multidisctplinary
composition. This tu particularly true {n the cane of avroforeastry,
dlnce agricultural and foreatry wtaffs are often housad In ueparate
{nstitutions . Agaln, this need not prevent the use of the methodology
since pood D&D resules have been obtalned with ad hoe {nter-institutional
Leams assembled for the purposic on a temporary basis. More permanent
arrangements for {nter-(nsti{tutional tuoperatlon may be necesnary, however,
to rarry out a multldluclpllnury research and Jdevalopment project in
agrotoresery,

The destrabiliey of a nult{diaciplinary team approach, ltkewlse, doen
wot preclude the use of pP&P procedures by clients lacking the reacurces
to fleld such a team. Experfence has <hown that there s constderable acepe
for success In even aingle~person D&D appltcations, providing that the
Individual (a adequately conversant with the relevant discliplinary
perspectives and that there s opportunity for consultation with appropriate
diacipliary experts In the course of the exercise.  S{aply atteapting to
follow the logtc of the D&D procedure can be oxpected to produce some
{mprovement in the planning of agrotorestry efforts tn 1lmost any
lnst{tutional setting, regardless of personnel or resourve endowaent.

L.8 DURATION AND TIMING OF D&D ACTIVITIES

There are two baste possibilitles with respect to the Jduration and timing
of D&D actlvities at the project formulatton atage:

l. Rapld apprafsal plua followup, or
2. Streightforward extended appl{cation
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In a typical 'type 1' application of D&D procedures by a multidis:iplinary
team, it normally takes about two weeks to carry out the diagnostic
survey, analyze the results and develop appropriate deatgn concepts for
agroforestry interventions to {mprove the existing land use system. This
period of concentrated dlagnoatic and design effort (s normally preceeded
by a month or two of preparatory data gathering by a small prediagnoatic
working group and is followed by up to several months of less intense
pre-project followup work, again by a umaller working grcup, to round vut
and refine the f{nitial D&D results arrived at by the full nultidisciplinary
team and deveiop a detafled projuct fmplementation plan. This type of
D&D application is designed to cconomize on the use of time and manpower
resources and make the best use of limfted time available for high level
multidisciplinary collaboration.

The timing of 'type 1' applications also accords well with the norzal
phasing of activities in the formulattion of donor-sponsored projects.

The rapid appratsal D&D process corresponds tc a substaatial 'project
{deatification' or a prelim{nary 'project formulation' type of exercise
which deffnes the overall thrust and the framework of the project. Tatn,
ther, serves as the basis for a request for proponals to formulate, in
the pre-project followup phase of the D&D process, a detailed project
{mplementation plan. [f adopted by donor agency project fdentification
teams, the D&D process in f{ts rapid appraisal fore could provide an efflclent
and relfable means of putting well concetved agroforeatry projects out

to bid. At present we can oniy speculate on the effect this would have
on the cost-effectiveness of donor sponsored agroforestry projecrs, but
one has reason to believe that 1t would be bheaefictal,

Although the developeru of these uldelines have t-ken patus to
{naure that the suggested D&D procedurcs are compatible with a rapid
appraisal approach (new detatled quldelines and suggested prucedurcs fn
Reaourcus for Agroforseery Mamesis and feaim), there s uothing to
prevent the application of the D&D logte {u lengthtier 'type 2' ecxerciscs
in cases where time and personnel resocurces are not conatralining. In that
case, rather than a "type L' D&D application which reachee the required
depth through a two-stage process which postpones rome of the more
detafled and time consuning work unt{]l che followup stage, the ‘type 2°
application would proceed atraightforwvardly through the logtcal sequence,
taking everything as {t comes up {n vhataver detail 1s Joemed Recessary.,

Thus, {n "type 2° appltcacfons it aight take 6 months to a vear to
work through che D&D procedures, rather than 2 wvecks for aun inttial
'type 1’ applicatfon. It goes without faylng that thare are a vhole rango
of intermediate possibilities an well. One varfatton yorth nentfoning s
that of allowing a subatantial pause In 'type 1' applicationk between the
diagnontic and design phasos {n order to allow the D4D team to fully digest
the desigr. lmplicattions of the diagnonia and to tulormally explore
notfonal deatgn alternativas,

[t should be pointed out, however, that even when time :s 'unliaited,’
there may be distinct benefits to an {atelal rapid apprataal application.
Anyone who has evar mansged a multidisciplinary research tesa knowvs how
difficult {t can be to reach an {nterd{sciplinary consensus. Experience
with the raptd appralsal form of the D&D maethodnlogy would Juggest that
the pressure of having to arrfve at a definfte consensur within a
circumscridbed time period can result in a highar degree of
loterdisciplinary syntheals chan would otherwisa bde poastible under leas
pressured condleions., Such a tonsenaus, achfeved at an carly stage of the
project cycle and regarded as ‘provietonal’ and subject to reviston aas the
Project progresses, can have a beneficial tmpact on the quality of
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interdisciplinary collaboration throughout the life of the project. Even
in the rare case where an excellent buse of {nterdisciplinary collaboration
has already been established in an existing muleidisciplinary team, Lt

may still be of value te first conduct a 'type 1' exercise to obtain

an overview of the essentlal apsects of agroforestry dlagnosis and design
before getting down tu the more detalled work of diagnostic elaboration

and design refinemenc,

1.9 THE SCALE OF D&U APPLICATIONS

Tt 1s ofter sald that agroforestry technoloples are *location specific,’
but {t Is more correct to say that agroturestry technologies are

‘system gpecific,' Lf by 'svaten' ve mean a combination of blophyslcal

and nsoclveconomic factors assoclated with a glven land manayement unit
which make it sultable for some spectfic and limited ser of land managemeat
technologies and not some other, it follows, then, that any process

of diagnosis and design undertaken for the purpose of developting
appropriate technologles must, of necessity, be a system—specific exerclse
for the simple reason that technologles appropriate to one systea of land
use may not bz appropriate to anuther.

There 1s considerzble latitude possible, however, fn the Jefinition
of ':he system' for D&D purposes. In the companion volune to these
guldelines (Reoourcee for Agroforcaty Sagncats and Desipy spectiic
suggestiony are made as to the application of the baslc D& loplc to a
aliding scale of analysls favelving a qested hierarchy of savsateas ranging
from natfonal and regfonal levels, to local watersheds and cormmunities,
to household and tnzra-houschold levels of organtzattion,

For mowst purpouxes, however, the Feoul eyaterm, which s Jutlned as
the basic demarture potat or 'touciistone’ for all other poales of DA
analysls, will be the houschold, family farm, or othes statlar land
management unlt, since thls Ls where noat land management dectalons are
made. Lf other, larger or smaller, dectiatlon-making unltn ave present in
the arca and relzvant to the D&D exercise (¢.g. forest managemunt units),
then they tuo musat be analysed to expose thelr owm apgofuretrey-related
nbjectives, constralnts and petentialn.  All other relevant prucexaen
which are not uunder the juriudiciton ot decision-making systems are treated
as part of the envirorment of auch syazems,

In sayling that appllcations of the D&D methodology musc be systed~
specific 1t doas »ot mean that the methodology Ls only appilcable to very
amall arcas or that the DAD teawm canpor deal with more than one land use
syatem Ln a glven exerctise, and it certainly does not mean that a
separate DsD analysis must be conducted for oach and every farm., What
{t doss mean la that the design of specific agrofores’ry technologioa
must be linked to the diagnoned needs and potentials of apactfic land use
systema, at whatever scale they may exlut. One of the firat tasks (n the
D&D procedure L8 to L:ftne the relevant sywtems for D&D purposes.

It 1s assumed that agroforustry tesearch ard development efforts
will not be undertaken for truly minor and fnsignificant land use syatems
within a country and [t s expected that users of the D&D methodology will
exercise Judpement In the definition and selection of ‘and usr syatzms
for D&D treatment. It ls further assumed that the sire avlected for
D&D exercises, and within the sltes the sanagemcnt units selected fur
D&D survey, will be broadly represantacive of major land uae systema vithin
the couantry which are lmpertant euwough o jusetfy the expenditure of acarce
research and development resources. (See "

Ceaourogs for Agrofomate
Diggmosts and Durig:  for datailed guldelines aad suggested criteria for the
definition and setectlon of land ume systems for D&D purposes .}
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On completion of the D&D~-based agroforestry research and developaeat
project (it is very likely that the techncloygies developed for the
selected land use sydtem(s) can te treated as 'prototype’ technulogles
which can be adapted to the nceds of Simflar systems outside the
original project area. Thus, even withi{n the system—specific context
of the D&D methodology, a certain agount of generalfzation will be
possible with respect to the vesulting technological products.

1.10 ON THE OPTIMUM LEVEL GF DOCUMENTAT{ON

Regardless of the type of application, the purpose of the D&D méthodology
18 not to generate a massive volume of documentation for {ts own dake,
Documentation of the results of wach step 1n the D&D process should

be regarded, not as an end {n teself, but aqa a mewng of 1) alding the

D&D team toward Breater clar{ey and apecificity In the consensus developed,
and 2) communication of the consensus to others. Min{nally, the team
should strive for a level of documentution which adequately communicates
the deaign reault (in sufflcient detall ro avold misinterpretacion of
Precis :ly what technology is envtsaged) as well a3 the diapovtic mation:le
for tt. In regard to the maxir - Imit, the users of the D&D aethodology
siould avold producing such a volume of documentatton that no one would

A tempted to.read {c. Ax an atld to documentation che companica voluse

tv these guidelines (Kesources Jor Agroforvatey Diamoois oud Dandgm)
containg a set of Workshewsts fur use at cach 4tep (n the DSD procedures.
Theas might form the banis for something ltke an ‘optimal’ level of
docunentat{on, but they woul' five ro be tled together by a prose

account to pruduce a readable ise study report.

In an effort te assfat tn che documentaion and dissemination of D&D
results, ICRAF has {nauyurated a seriea on (e Studtes in Ayroforvatry
NMagnoaie and Dealim, where sultable case astudies might be publlshed.
Also, to foater the use of case atudy mater® ! to ald fn the developaent
of agroforestry, similar to the use of case studies {n the development
of medical solence, 1CRAF g eatablishing o computar-based D&D data bank
at {ts headquarters in Nalrobt, A recording fora for coding of case study
fnformation Js belng drveloped for uaers of the aethodology who aay wish
to contribute tn the slobal data bank, without necessarily having to
produce a full caase study report. All users of the D§D aethodology are
urged to contribute to this global documentatton effort in one f{orm of
the other. Duye acknowledgemens will be glven to the contributors of
such information (n any publicat{on maklog spectific uwe of ft.

1.11 D&D AS PART oFf THE * INTERNAL GUIDANCE SYSTFA' OF AN R&D PROJECT

These guidelinea concentrate on procedures for Diagnosia and Design at the
formulation atage of agroforestry research and developaent (R$D) projects,
but the need for the baric process of dlagnosis and destgr doea not vanish
once the project i{s under way. Even vith adequate pre-pinject D&D
preparation ¢ {s unlikely that tha Project {mplementation staff vill have
the same view of technological Prospects for the project area at the ead
of the project as at the beglnning. There {s usually a learning procesn which
causes project staff to wod{fy thelr view of technical opttons as the
pProject procvesses. Unfortunately many projects arc ‘writ {n stone' froa
the beglnning and there {s litele vopportunity to berofi{t from thie
learning process.

The suggestion that the D&D process should be continued throughout the
life of thn project (s intended as a corrective to this situation by formally
acknowledging the tmportance of the mid-project learning process and giving
it a central place in project design. Figure 1 presents a schematic
representation of the key features of the D&D paradigm, showing the feedback
linkages which enable {t to fulfill {rs potent{al role as part of the
Project's internal auldarze system.
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Figure 1. Components of project design incorporating the 04D prucess
ag part of the projects fnternal guldance system. Note feedbach loops.,

Reth on-gtation rusearch, favolving controlled expecimental
fnvestigation of fundamental aspects of the proposed techaologlen, as
well as on-site resecarch, {nvolving {n situ trials of candidate
"technology packages' on representative land management units in the
project areca, arec necessary components of a ccherent and cffective R4D
programre to develop appropriate agroforestry technologles. The (nictal
guldance for the type of rescarch which {s necded for both of these
research components {s given by the Inttlal 0AD exccrcise. As the project
progresses, however, newv {nformation will be genecgated, both from a
deepening of the diagnosis resulting from longer exposure to the client
land use system at the research site as vell as from an faproved under-
staading of the technlcal optlons from on-site and on-stacion rescarch.
This informatfon provides feedback which m1y suggest refinements (n the
diagnosis and modiflcations {n cthe design. The Jdicynoved a:itwrsion
ttgelf will changs, moreover, as a result of the tntroduced technology,
thus requiring a fresh dlagnosis of the new conditfon of the systanm,
Feedback of these varfous types of information will allow the project
implementation team to 'track' the changlng stetuazion and 'home In' on
an increasingly optimal deslgn for lmproved system performance.

If we may be allowed a martial analogy, an R4D project wirhout a
mechanism for continuing diagnosis and redesign {s llke a mlaslie wvithout
1a {nternal guldance system. Without it the ability of the project to
reach its target will be dependent on the accuracy of the inltfal
'sftings.' With 1t the project can radlrect {ts efforets in sccordance
vith continuously improved information on what {s neecded and hov to

achfieve f{t.
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Flgure 2, The fterative D&D process in the life cycle of a techaology
generation and dissemlnattion projece.

In it fully developed form D&D 1s an lterative procers which 1g
repeated throughout the project cycle for different purposes at different
stages (sec Figure 2). [n the infeial ‘pre-project’ or Yroject tormulation’
stage the D&D process {a used to arrive at prututype Jdesigns ro {nftiate the

IR

R&U project and ser f¢ moving along Sty wrrepelrte Hloew., A the
'mid-preject’ or ‘project {mplementat ton® ftage, the DYD procena ia
fepeated more-or-less continuounly to deepen the dlagnosis and tefine the
prototype denigns In rrder to develop specifivall, Srropriate designs for
the given land use gyrtem. In the course of time the project will arelve
at the point where che technology developed (s considered teady for
disseminat{ion throughout a wide recomasondation domain., At this ‘pre-
“xtension’ stage a mod{fied D&D procesn lucurporatlng an expanded land
evaluatlon exercise comes Into play to asscss the extrapolability of the
developed tochnology and define the recommendat fon domaln. The diricaination
to new sites at the 'extensfon stage' will, {n turn, pencrate nev foedbach
{nformation which can be used, through » acaled-down DSD process, vy adapt
the technology to a vider range of site-specicic candicions {sce Ralatree,
1983a for an elaboration of thig scheme),

Thus, {n fts fully developed form, the DsD sethodalogy s 2a DrONees 3ok
to project implemencat{on which, {t should he noted, cannot be siaply cquated
vith 'Monltoring and Evaluation' as this {= normally understood. In Monitoriang
and Fvaluatlon varlous componenta of the project are <nitored and the
degree to which the Project {s meeting (ta obfectiven (s evaluateqg. There {s
no explictit mechanism vithin the 'pnswlvu-crlttcnl' tole conceptlon of
Monitoring and Evaluation to actively {ollow through wfith Project modtfications,
let alone redesign project technologv., What mikes VA0 different (< fcs explictt
focus on "he technology generatlon process and (ts lacorporation of active
feedback mechan{smy for lnstltutlnnull:lng the projece learning proceas at rhe
level of che implementing persounel. DSD does not teplace Monitoring andg
Evaluation Ln cthe overall admfinstrat{on of the projoce, but ft doen provide an
add{tlonal means by which project personnetl nay improve on thelr abllity to
generate appropriate technologies,
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2, SPECIFIC PRICEDURES

2,1 THE LOGICAL SEQUENCE UF STEPS

The procedures for project formulation conslat of a series of informatiow
gathering and analytical 8teps, leading logically form one to the next.
This sequence entails a hierarchical prograession frow the general to the
particular, which {s designed to economlzs on time and effort by excluding
irrelevant information from furcther ronstderation while developing a
progressively sharper forcus on essuntiel (nformation. By this open-ended
but structured approach the D&D methodoloygy avoids the seeningly endless
and needlessly coamplicated dara collection and processing task
characteristic of an unstructurad 4pproach to asysetems analysiu. The
progression of steps {s divided into four stages as follows:

Predlagnostic Stage (Sceps 1-3)

This utuge covers 1) background description of the Study agrea, including
diagnoatically relevanc aspects of the blophysfcal and socloaconomic
environment, 2) differentlation and selection of land use syatena within
the stuady area for furthar D&D attenti{on, and 3) prelimtinary description
of dliagnostically relevant aspects of tha selected systems.

Diagnostic Stage (Staeps 4-6)

This stage tacludes 4) dlegnostic survey of tha selected systems and
relevant aspecte of the environmencal selting, 3) diagnostic analysis
and ldentificatton of major iand use problaus and poten’fale, and
6) aarivation of specifications for appropriate technology (including
non-agroforestry options but wirh special attantion to agroforestry
potentials),

Tochnology Design Stage (Steps 7-9)

This sctage involvea 7) appraisal and selection of candidate techno-
loglea for poasible fnclusfon {n the desfgn, 8) synthesis of a genural
duaign conzept for an {mproved land use oystem and development, {f
possibla, of i{nftfal 'best het' designs for componenz tachnologles, and
9) ex ante evaluation and rafineuant of the proposud dezign. The
activities of thts stage may lavolve reiteratfon of the above vteps,

Follow-up Planning Stage (Steps 10-12)

This stage covers 10) {denti{flcation of reacarch needed to davelop
and/or test the tdenrified ayroforestry technologfies, l1) fdent!-
fication of areas needing further DD atteatlion in a followup stage, and
12) development of a detatled project {mplementatfon plan to cArry out
the envisaged R&D prograrme.

The remainder of this aectlion contalns an overview of the
step-by-step procedures {n outline form, *aoving the content of each
step. This {s followed tn the next seciion by a prose aummary which
might usefully be read tn parallel with the outltne. Mcat of the
mathodological aldy mentioned tn the outilne under 'Useful Tools® can
be found tn Hesourocs for Ajroforeatry Diapiraie cnd Deaign (1CRAF, 1981,
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PREDIAGNOSTIC STAGE

Step 1. Environmental Deacription of the Study Area

Output: A descriptive understanding of the dfagnoscically
rélevant characteristics and organization of the selected
eavironment

Sourcea of Information: Mainly 2x{sting documentation on the
gtudy area, supplemented by limited fleld survey and {nterviewvy
with qualifled {nformants

Factors to Constder:
- Blophysical parameters
- Socloeconomic parameters
- Structure and function of the human ecodyastem of the area

Useful Tools: Environmental Data dase for Agroforestry (Young,
1983) ; worksheets for relevant blophysical and sccloeconomts
data and guldelines for description of the human ¢cosystea
(ICRAF, 19813)

Step 2. Differentiation of Land Use Systems Within the Scudy Area

Output: Identificatlon ot diszinctfve land use avstens
requiring scparate DaD treatment; selection of privrity
system(s) for D&L attention

Sourcen of Informatlon: As above

Factors to Conslder:

= Land units (ponsessing a similar net of blophynical
charactertat fou?

=~ Management unfts (with similar production objectives and
redources)

=~ land use wystems (distinctive combinations of lan’ units and
ranagement units)

- Criteria for syutem sclectton

Useful Tuolu: Wotkshest for Jdlfferenttatlon of land use
systezs and supgested criterls for selection of sydatem: for D4&D
attention (ICRAF, 1983)

Step 3. Preliminary Descripeion of the Sclected Land Use Syntem(n)

Outout: A preliminary charactertzatlon of the objectives and
the internai organizatlon of the land use aystem{s) (for
refercace use Sy the D&D team at the Diagnostic Stage)

Sources of Informativn: As above

Factors to Constder:
~ Structure and function of supply subsyatems at the management
unit level
- Additional descriprive {nformation on production activities
(agrlcultural, foreatrv, livestock and agroforeatry practices;
water management)

Useful Tools: Varlous worksheeta, guldelines and appendlicea on the une
of ICRAF's 'bastc needs' approach for description and Jdlagnosis of
household production systems, with supplementary guldeli{nes for
foreatrv and watcershed applications, {nput-output analyvsis, matria
tools, modeling tecnniques and other useful tools (ICRAF, 'sai)
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DIAGNOSTIC STAGE

Dfagnostic Survey

Output: Information necessary for a dlagnosis of land use problems
and potentials (both agroforestry and nen-agroforestry) at the
management unit (farm) and ecosystem lavel

Sources of Information: Area reconnaissance and diagnostic
surveys of representative management units (the latter 1s based
on a ‘trouble-shooting' procedure for ldentiftcation of the
causes of prublems within the supply subsystems)

Factors to Coastder:
~ Problems and potentials at the ecosyuten level
- Problems and potentials at che nanagenent unit level
(supply problems, causal factors {ovolved {n the creation
of supply problems, present constrafnats z2nd problem-causting
syndromes, future sustalnability problemsa)
~ Farmers' stratagies for copling with fdenclfled problemsd

Usefu} Toola: Suggested survey techniques and tnterviev guidelines,
sample diaguostic survey lnstrument (LCRAF, 1983)

Diagnostic Analysiu

Output: A diagnonis of Bajor lang use problems and potentials

Sources of Information: Findlngs of rhe diagnosttc survey;
informatiovn provided by all preceeding steps

Factors to Conulider:
~ Present problems and poteatials at the ecosystea lovel
= Proseat problems and poteritials at the nanagement unii level
- Sustainability problema

Useful Toolwu: Analytical worksheets, dotafled analytical guidelines
and querfea, causnl ond functional diagramming tools (ICRAF, 1981

Derivation of Specifications for Appropriate Technology

Output: A reasonably complete set o1 leslgn specifications for
problem-solving and poten~ial-realizing technologlen
appropriate to the nceds and potentials of the diagnosed land
use system

Sources of Informaticn: KAll preceeding stepa

Factore to Conslder:
- General development strategy for the avsten
- Functional potentlals for problegz~aolving {nterventions
- Potenttals for {mproving resource utilization
- Possible constratnta on candidate techniologlen

Useful Tools: Checklists and Ruldelines to assist {n developlng a
complote set of specifications for appropriate AF technology
(ICRAF, 1983)
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TECHNOLOGY DESIGN STAGE

Stap 7. Technology Appralsal

Output: A relavant set of candldate technologles with potential for
inclusion in a design for an ilmproved land use syetem

Sources of Information: Raview of the body of technical knowledge

Factors to Connider: Mailn criceria are given In the deslgn
specifications (output of step 6); gtate of the art with

respect 0 the various candldate technologies (both axrofurestry
and non-agroforestry)

Useful Tools: Classification and examples of agroforestry systems
and practices from around the world, liste and character{stics of
multipurpose trees and shrubs, thefr uses and ecologlcal
requirements, selection considerations, destgn coucepts, etc.
(ICRAF, 1981)

Step 8. Technology Design

Output: General desiyn fo:s an improved land use mydtem and
specific designs for component technologles

Sources of Infurmation’ Creative syantheasls of relevaant information
from all preceeding stepu; supplementary Jdeolgn tnformation
from additional uources, as needed

Factors to Consfder:

-~ Deslign spocificatlons (Step A)

- Candtdate technologles (Step /)

= Function and location of componenta within the nystes,
component gpeciea, number and upatial arrangement of
components, and management of compunent combinations

~ Overall protuctiviry, sustataahility and adoptability of
the design

Useful Tools: Ceneral design principles for agroforestry uystens,
an {terative iniclal deslygn algevichm, yplant arrangenent
condiderations, notes on sheltr belt design, etc. (ICRAF, 198));
gec alyso design materlals 1is. ¢ under step 7

Step 9. Design Evaluation

Output: Ex ante evaluation of the design; {(mprovements ia the
destign suggested by the avaluation prucers

Sources of Informatton: Reluvant (nformation frum all preceeding
steps; farmers' preliminary evaluatlion of the design proposais;
the D&D team's own experfonce and Judgeoment

Factors :o Consider:
- Productivity

- Sustafnabfilfity
- Adoptabilfty

Useful Toolu: Destgn evaluatica scoresheet, guidelines for ex ante
economic, eccological and social evaluatfon (ICRAF, 198); Hoekstra,
1983; Etherington and Mathews, 198))



Step 10.

Step 11.

Step 12.
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FOLLOWUP PLANNING STAUE

Research Needs

Output: Identification of the type of research needed to develop and
test the component technologies and overall land use eyste=a designs

Sources of Information: Team review and aseessment of the followving
factora

Factors to Constder:

- State of the technology art and the suitability of di{fferent
classes of technology (notfonal, preliainary, validated) for
differen. *ypes of research (on-stattion, on-farm)

- Whether the envisaged followup to the D&D exercise (s essenrlally
research-orlented or devclupmcnt/dluscminatlon-orlented

- Farumers' ang research/extensfon officers’ attitudes toward
on-farm experimentation

- Riskiness of the proposed technoloylies

- Need for candldate technologles to be exposed to a wider or more
realist{c set of eavironnental and farming system conditions
(than would be avaflable on rescarch statfon)

Useful Tools: Suggeuted criterta for init{al state of the art
evaluation, notes on experimental approaches in agroforeatry
(ICRAF, 1983); Huxley (in preas)

Topics Requiring Further DsD Attentf{un

Output: [dentification of topics nerding further diagnostic survoy

or denign thinking, particularly fu raptd appraisal applications
vhere time constraincs may have left gaps tn the D&D outcoze;
suggasted procedures for collection and processing of additionel
information requiced o deepen the diagnosis and/or refine the destign

Sources of Information: Team reviev and aspessment of D&D resulte

Pactors to Consider:

- Requircments for additfonal Adiagnostic {nformatfon and analysis

= Requirementw for more complets infor=utinn on candidate
technologies needed to reflne tho tnitial deatgn

- Requirements for in-dapth econoaic, ecological and social
avaluation of the propased destign

Useful Tools: N/A

Project Iupiementation Plan

Output: Guidelines four iwplemertation of followup prcject activities,
at different levels of detail appropriate to different Atages (n
the project cycle: 1) a general outline of major project activities
(resemarch and/or disgsem{nattovn), suggested by the D&D team; 2) a
more detafled project proposa). suftable for subaisaion to potential
donors, prepared by a small pre-project vorking group; J) detatlied
project {mplementation plen, prepared by the project f{mplementaticn
team; 4) tevised mid-project wvorking plans prepared by the
implementation team from time to time, reflecting modificaticns (n
technology castgn sSuggested by experience {n the flold or from
on-station research
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Sources of Informatfon: Results of previous D&D steps (1)
pre-project followup activitles (2 & 3); the fterative D&D process
during the courde of prolect imo'ementarfon (&)

Factors to Consider:
~- Topicsd needing further D&D attentton (output >f Stepll)
~ Research needs (output of Step 10)
- Peedback from on-site trials (including farmers' evaluation and
suggestiona) and vn-statfon experfuental work in the course
of the project (suggesring modiflcations and refinemants in
the technologies and the plan of work)

Useful Tools: Documentation of the previous stepu; ntep-by-wtap
worksheets contained In [CRAF (1983)

2.2 SYNOPSIS OF THE FOUR STAGE PROCEDUKE
THE PREDIAGNOSTIC STAGE

This stage commences with a description of relavant background condittons
in the study area: the phyutcal environment, economic and soclal
condittons, and the functicnlng of the human ecusystea. The background
description provides an overall framevork vithin which the analyats (s

to take place and indizates broad llmits on the nature of contemplatable
developments (e.g. as condittloned by climatic zone or overall fncoze
levels),

The next step (s to ldeat!fy the land uae ayafemy wichin the area.

A land use system conuists of a combinat{on of a lond wift, as sut oy the
physical environment, with a nALLjemme unit, with distinceive productiun
obfectives and resources.

The land use systems which result from such combinatlon of Land
resources with management units form the gubject of agroforesdtry dlignouis.
Frequently, one or more domtnant land use syutens will be singled out
as the focus for dlagnosis and deslgn. Where more than one land ure aystea
{s tdentifled for dtagnosis, the steps which followv are conducted vith
respect to each soalected syscem.

The prediagnostic stage ts . . luded by degaription of the aelected
land usa systems. This covers tha.. :bJectives, production activitivs,
output and Internal organizatlon. As a basiw for subsequent activitles,
particular attention s given to {dentifying the ocutpul awboyetew geared
to meetiug the banic nceds of the land users. The following needs are
considered: food, water, enorgy, shoelter, raw material, cash, savingu/
{nvestment, and soclal nceds. Food and water are self-axplanatory. The
most common energy need {s for Jomestic fuelwood. Raw matertals refers to
needs for cottage and local processiag laodustries. Cash, for recylar
day-to-day expenditure, ta dist{ngulished from savings/invest.it, for
infrequent expendfture on apecfal purposes. Flnally, there aay be foras
of output required tn meet ceremontal or soclal obligations which cannct
always be translated {nto monevy terms.

The predfagnostic staga establishes the tasta for the steps which
follow, by givi.u baslc physical and socloaconomic information and
{dentifying and drmeribing the land use systems to be considered.
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THE DIACNOSTIC STAGH

Two ateps, diagnostic survey and analysis, are closely linked. Dtagnosts
commences with identifroution n; il . frosierd,. AL e level of
management unita they are {nitlally tdenftfled as shertralla in the
output subsystems: for example, occasifonal food shortages, present or
anticipated fuelwood shortages, lack of matertals for shelter or cotiage
industry, inadequate or unrelfiable income, ete.

Parallel with these problems ar the level of the munagenent unit,
there may also be problems at the communitv or vcugydstea level, bevoud
the control of tndividual farmers, which alwo need to ba fdentifiled,
€.8. erosion gullies along the boundarfies betwveen farwms or lack of
adequate marketing factlitles for cash ornpd,

Having tdentifled problems {n achieving the objecttiver of the output
subsystems, the cqusce of these problema are then ascertained. For
example, food shortages might be caused aainly by recurreat drought, by
decline in sotl fertility through over-{ntenstve cultivation, through
inabllity of the farmers to obtatln fertilizers, or any combfnation of Caudes,
Where cash income 18 dependent on sales of livestock, the causal chain
might involve overstocking and pasture degradetion, seasonal folder
shortages or protein deflctlency. Fuelwood shortage (s most frequently caumed
by over-exploitation, sometimes complete removal, of indigenous trecs.
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Firure 3. The use of cauvaal diacramming to elucf{date the etiology
of a problem and {dentify potentials for appropriate technologlca.

interventions in the system.
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The output shortfalls or other problems and the causes which under!fe
them may be summarised (n a causal Jizyram. Atteatton s then given to
potentials for removal of comatratints, and thus for {mproving output.
These potentials may {nclude non-agroforestry solutions (e.g. improve the
fertilizer supply system, or provide rural credit) as well as agrotoresitry
techniques. An agroforestry incervention (s an apparent potential
for agroforestry techniques or systems tu remove output countralnts; for
example, to amellorate energy shortage by growtng fuelwood-preducing
hedgerow trees, protetn shortage for cattle by growing browse-producing
trees, or low soil fertility through the soll-lmproving <. fects of tree
leaf litter. Flgure 3 shows the umse of causal diagraming v elactdate
the causal background tu a problem and to assist in {dentitying
appropriate {nterventions ({n this case the suggedted Intervention is
"alley cropping').

Constrafints to such production-{aproviny technologles are set by
conslderations of sustainability and adoprabflity. Improved sustafinability,
or resgurce conservation, may be (nvolved as an element {n the removal
of conatraints. However, furrher constderation needs to be ®iven to
ensure that the proposed agroforestry solutions themselves seet suntuinab{licy
requirements,

Adoptability s ygiven partilcular attention durlnyg diagnonts, the
technological level, attttuden, capital resources and labour avatllatflity
of the farmers are exanfned, together with the fowtfcutional and sovfal
framework within which thaey operate (e.g. land cenure avotema),

Yconomic cond{tlons, notably markets and levelw of {acome expectancy, are
also critical. Thts utage of the study leads to {dentificatton of tne
sonstrainty to aloption 2f tproved tecin logiea,

The discovery of potenttals for removal of constralnts {n the
existing pattern of production, or of potentlals for new producttion
patterns which make better overall use of avatlable redources to mest
the farmer's objectives, together with consflderatious ot sustalnablltey
and adoptabiitey, leads to the formilatlon of Jdesijn areol Taztione fur
appropriuate tochnolo floal tnterventiong n the aysten. These conslst of
a det of functtonal speciffcattons for what the techunology aust accoaplish
(e.g. 'relleve fodder proteln shortage in the dry season'), together with
conntraints on candidate technologies (e.y. '{nadequate cap.tal to purchase
feed concentrates'). Cousldered within the context ot an appropriate
development atrategy for the asystem, the design aspectfications provide
the link between the process of dlagnosis and that of design.

THE DESIGN STAGE

Starting from the de~fygn apectfications, the procedures of Jdesign commence
with the process of tovhnelogy apprufuzi. This ts based on the body ot
avaflable technical knowladge, {rom resvarch stations or farming experioence.
In the future {t should become posatlble to an lncreaning degree vo
draw upon experfonce from agcofurestyy projects {n coaparable wettings.
This leads to the process of locinelogy destym per sa, in vhich
selected elements of agrofurestry technology are comblined in a deaign
for an fmproved land use svstem. “ombining agroforestry technlques with
the existing farming practices may lead to constraints and require
mod{fications In the destyn as a whole, e.g. a3 arilsing from labeur peaRs,
Merging with the deatgn process comes digiyn wuilinmin? »n,  In this
process, the proposed deslign {3 reviewed with respect to the three criteria
of productivity, sustatnabllicy and adoptability using varfous techaiques
of economic, ecological and soclal evaluatton. The agroforestry prapoaalse
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are also compared with non-agrotforestry solutions to the diagnosed
problems. Since the evalnation @ay suggest wodlficationa {n the destgn,
in practice there may be¢ an alternation between the two procesdes
leading to a progresuively more refined destgn.

THE FOLLOWUP PLANNINC STACE

In the present state of knowledge {t {8 unlikely that =many of the

propoaed agroforeatry technologies will be ready for widespread
implementatfon. In most cases they will need to be developed and

tested through a research programme: taflored to the apeciticationns of the
regsearch needs assessment. This (s based on an assessment of saps {n
Fresent knowledge with respect to the technologles fdent{fted (1 the

deslgn stuge. Research to f111 (n these gaps may fnclude n-gt.2gfom
research, conducted under controlled conditions (usually st ffeld stationu),
and on-grite rasearch, conducted on farms or under other natucal

conditions at sites within the study area.

On-slte research ts designed tou allow monitoring of zocilal attributes
of the candidate technologles, auch as eade of adoption, labour probleas,
management di{fficulties, etc., along with techntcal elezents. Ou-site
research, particularly {f conducted on farms, wil!l uisually tnvolve
testing of 'best bet' technical packages, and whould not normally favolve
elements of high r{ak., Oue ot the unique aspects of on-site research
la the poustbility of obtaining valuable feedbick fn the tora of
Spontaneous modiflcations of the Jdesign made by farmers to adapt {t bettor
to local farming condi{tf{ons. Un-station rewearch {n designed more-or-leun
according to the normal princtples ol agricultural and forestry research,
e.g. with replication, deltberate exceeding ot limits of plant wpaciag,
etc., i{n order to determine boundary values and Jesaign curves., The types
of layouts Involved {n on-statlon research may bear little resemblance to
the designs for 'technology packages' tested on farmers’ tields.

Although plant research In agroforestry muy tnvolve dapartures tfrom
standard designs Jdeveloped tor agronoatce or foreatoy experiments, the
main departure from 'convenlional' on-statfon research is that the
specifications arlsing from the dlagnoat{c process are used to limit

and dfrect the technologlcal range und fscus of the research undertaken,

This will complete the technical agpectn of the D&D cxerclne, but
before the exercise can be concludud two further anpects of follawup
planning need to be addressed: fdentiflication of toplos meeding fwrther
DED attentiorn, and Jevelopment of a plan for projess g lementacsion,

In rapld appratsal type applicatfons of the methodology, the deaign
result will normally be rogarded as preliminary and proviulonal, pendtng
more detalled elaboration and reffnement tn a ‘pre-project followup'
exerclse, when a smalier working group will have ample time tou Jevelup
the fdeas {nlitfated by the full gulttdtaciplinary D&D fleld team. Liscwine
vith any unresolved diagnostic fsaues which the D&D teaa aay not have had
time to cover {n what (t conalders sufficlant detall for fiaal project
planning. Requiremenis for further dlagnostic and design work to bda
carrind out during the foilowup phase (Including more In-depth ex ante
evaluation and redesign work) should be speclfled by the D&D teas bofore
{t adjourns.

The D6D fleld team fn rapid appratsal tvpe applications wili aleo not
be likely to develop a tinal, fully detalled nroject {aplementration
plan, not only because of t{me limitattons, but also because crusial
financial and other admfnfatrative decisfons mav not have been tiaken.
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What the team should aim for, rather, {s to produce an outline of {its
recommendations, specifying likely manpower, land and other resource
requirements to carry cut the envisaged research, and giviay (s
suggestlons uvn how to set up internal feadback mechanisms, project
review procedures, wtc. Even though these recvmmendations mav be
modifled, as a result of the wider range of tezhnical and adaialatrative
consultations that may occur in the poat-UL6D exercise perfod, an
effort should be made fo Llve project planners the benefit of the
perspective developed by the full multidisciplinary tean.

If, rather than a rapld appralsal type exerclae, a srrafyght-forward
extended application of the D4D procedureus has bevn undertaken, the
above mentloned limfiations will not apply.

Before concluding thiy account of the Diagnost{c and Desipgn
methodology, Lt may be uusceful to show an example of the type oF Tesult
that may be obtalned., Table | on the next page yives 1 site sumsary ot
D&D f{ndications from an application undertaken at an [URAF research site
in Kenya. While Lt by no means exhausts the full spectrus of DAD
results and followup activities undertaken at the slte, this ctabular
aummary may serve to glve an lmpression of the type of perspective which
the methodology can be used to create,
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5. CONCLUSION

The process of diagnosis and destgn {n ita wider seanse does not end
when the raptd appralsal teaxm packs up and goes homm. A fully operattonal
Plan of actlon hased on the use of D&D procedures {s expected to laad,
first to the production of research resulty wvhich will valtdace or
modiry the caadfdate techrnoloygtles and, socundly, o the Sleseaination
of Buccesufuyl technologles throughout the recommendatfon domatn by
local extenslon services.  In the course of tins, furcher experiguca
will be generated concerning the suicess or Lintattons of prototype
agroforestry synrems under tleld cordicions, ™ile tnforzation can be
cycled back into the dlagnost Le and deslgn procens; thus leading, by
an {terative dlscovery procedure, to successtve galns f{n knowlaedge and
to the development of Renulnely productive, sustainable and adopgadle
agroforestry gvutemy,
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3.2 Practical Exercises

Case Study Heview in Costa Rica

Case Study Review in Malaysia

Economic Analysis of AF

Models - Selangor Forest Reserve (Dirk Hoekstra)
Ex-ante Economic Evaluation of Alley Cropping Systems

(Dirk Hoekstra)
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APPENDLIX A-6
NOTE ON THE ICRAF BASIC NEEDS APPROAGI.

As the concept of "basic necds” has been developed and applied in differey
Ways in othec confexrs, (¢ 11 lmportant to specify clearly what is

meant by this approach as developed for d4groforestcy purposes by L[CRAF.

The basic points are as follows:

l. In analyring land management systems, wve have itdentified the
household management unic as 4 prime tocus of D&D attention because thig {,

wvhere most of the land minagement decisions are made.

2. In our approach to the modeling of household land Dnanagement
systems, ve defire the subsysiems 1n terms of outputs. In other words,
the output subsystem is defined as the set of all activities, resources
and other landuse factors which are involved in‘gennrlting an output
vhich gacisfies one of the major production or land managemant

ol ,2ctives of the household.

J. [o deciding specifically what output categories to consider ia
defining the major subsystems, it is imporcant to satisfy two
requiremants:
a) general applicabilicy, end
b) adequate reprascntation of the characceriscics of local land
use systemy

4. To satisfy both requirements and also to facilitate subsequant
linkage vith catagories of agroforestry potentials, a basic needs
approach is indicated. The production outputs vhich may be considered
basic to the economic vellbaing of people everywvhare are:

- food

-  wvater

=~  energy

- shelter

- T materials for local industries
- cash

- savings/investment
= social production

»
Contributed by 1. 0. Rainteve



5. The assumptions which vuderlijae this approach are
8) chat the geeda in the above list ara basic and univef&l, and

b) that local and regicral land use Bystems are in large part
orgdanized so a3 to satisfy theas bagic neads,

6. It ig icportanc co vaphasize that, in ¢3pousing chig approach,

the aim is to insuce satisfacticn of basjc nezdy but not to rescrice
development efforcy to only ainical ratistactivn of thege needs,

Rural development needs floors, aot ceilings. Oae izplication of

this approach (s that, cace subsisren:e needs are adequately satinfled,
the smph.sis shifes ro improvements in the cash or savings/investment
subsystems,

7. To further clarify chis point, ig teferring to "basic" needs we
mean basic typas of nueds, rather than bayjc levale of need
satisfaction. For example, a particular household aay be vell above
the subsistence leval in its production of cash but, bacause of
drought or deforestation @ay have serious problems in =eeting ics
food and fuel requizrements. Cash incomn, which i1 noraally raken as
the prims indicator of aconouic vellbeing, is not alvays readily
convertable into a form which satisfies tha orher bagic needs (e.g.
one definition of “faming" is that there is oo foad to buy, aeven if you
have the Donay). For this aizple reason, it ig necessary to consider
the performance of cach baaic output subsyeten f2epacractely,

8. Having [dentifioed the subsystems {n which the problems axiat, and
having traced the symptoms and antecedent caunal fastors, analytical aids
are then used to model prodblem etiology and tdentify agroforestry
potentials (gee Appendix B-7), For each subaystem the genaral

question is: s there @ything chat trece can do to tmprova ths
performaoe of this oubayatem

A partial liat of tha Renaral types of answocs which are possible is
given below.

POTENTIAL CONTRIBUTION OF TREES T0 BASIC M&@DS SUBSYSTES

Food Sublxltem

a) Huwan food from tree: (frults, auts, careal subatitutes) at low
input levels on oarginal land

b) Liveatock Foed trom teees (one step down tie trophic chain)

¢) Fertilizur from trees trom {mproving the nutritional Atatus of
food and feaed crops (through the audi?ion of atmospheric anitrogen
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d)

e)

to che so0il aysten by leguminous trees, through toprovemen? of
accuss to a greater volume of s0il nuetriencs by the nutrient
recycling action of appropriate trees and algo by the tmprouved
avatlability of sojl autcients which often 4ccompanies the higher
CEC levels associated vith the higher organic matter levels and
improved physical structure of tropical soils under the 1a9flusncs
of appropriate tree canopies)

Systeas has a diveet-and Beasurable long term beaefit on the
production of food crops from the profected fields

Mioro-climite amsltoration associated vith properly spaced trees
(e.g. the “sheleerbelt effece” can also have a dirgce izpact on
food crop production (e.g. 30T increass in Russian vheat yields
attributable ro shelcerbelcs)

Water Sybsystenm

a) Ragulation of water dolivery for himan consumption, household use,
wvatering of livestock, etc., through reductlion of runolf and
improvement of intercepcion and scorage in infilerac{on galleries
(various vatershed Rznagement practices involving trees)

b) Improvemant of sotl moiaturs retention by rainfed cropping syscens
and pastures (soil structure and microclizatic affeccs of trees)

c) Protection of trrigation works by hedgerows of trees

d) Prevention/ruduceion of downstraam flood damge by various vatershey
management uses of trees

8) Improved drainage from vatarlogged or saline soils by phreatophvric
traes

t) Increased biomass storage of watec for animal consumption in forars
and fodder trers (higher water content of feeds in dry scason)

Enargy Subsystem
a) Koodfuuls

i) firevood

1i)  charcoal

b) Methow! (vood aleotol)

c) Ethaol?! (from fermentation of high carbohydrate fruits, e.g.
Prosopts pods)

d)  Preducer gas trom charceal

e) Llater and other combustible saps and resins

£) Other fuels and onergy technologies under the genecal heading of
blomss

8) Augmentation of witndpoutr by jet etrcam eftects of Appropriate

Cree arrangements
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Shelter qugz;ten

a) Bilding matepial.. for housing

b) Shads tress for humans and 1{vestock (and even some heliophobie
cropa)

¢) Mindbraaks around setilexents, fialds and pastures
d) Living fanoes

Rav Materials Subsystem

a) ood for a variety of crafer uses
b} .“bar for weaving iadustries
¢) Ingradiedts for muficinagl preparations

d) Hes.

Canh Subsyatem
a) Dirgat cash benefics from sale of the above listed productye

b) Indirvot cash benatics of non-tree crop productivity {mpiovermar:
effectad by treas (e.z. higher profits from savings {a fareilizas

costs)

Savings/Investmant Subaystem

a) Addition of g EaUIA G/ Cnine g b eniterprios on farms now lacking
one (e.g. groving of high valua tisber trees for future
educational expensca, atc.)

b) Improvemane of eristing aavings/investment MLOIPrisas by a vio:-.r,
of tree roles (¢.g. fuidar treas in syetoms whare livescock play
the role of "wavings oa :the hoof")

Social Production Subsystenm

4)  Produstion af goods v, kind for social sxchunge purposcs (e.3.
fruits, moce livestoek for cacemonial occaswions or macriaer
needs, etc.)

b) Increcsed cash for social purposes (e.g. political
contributiona, taxes, ypifts, ete.) by means of various produceiv -
Or service roles of troas,



(excerpted from)

APPENDIX A-7

WATERSHED/ECOSYSTFMS ANALYSIS

DESCRIPTION AND ANALYSIS OF THE HUMAN ECOSYSTEM FOR D&D APPLICATIONS

Whether the preject is aimed ar a particular farwing system, or at a
whole ecoasysten, the general procedure is the sawe. The difference will
be one of detail and emphasis. The basic taskn are:

l. Definition of boundaries

2. Stvetification (sub-divivion of the ecosysten and gome
of itas components)

J. Description of system structure and function

4. Tdentification of problems and potentials and their
distribution.

5. Elaboration of design specifications tor solving
problems and reslizing potentiala {for the ecosyiten
1n general, or by sub~units in projects vith an
ecoaystem focusg).

Any onz or all of these procedures may be used to complete Steps $.) and
13. Pazts i, 2 and ) (above) are particularly applicable vo Step 3.3,
and parts ) and 4 are most important for Step 1), Part S {2 intendad

as a supplement for Step 14, to add ecosystemscale critaria to land use
tystem criteria for tachiology design. Cutdelines are provided below
for each task and may be supplementaed by informstion and guidalines from
appendices A-7.1, B-1, B-2, B-6 and B-9,

l. Define the Human Ecosyatem

The boundaries of the human qcosystem may be dofined by various
criteria. For the sake of coavenience in mapping and analysis

the suggested boundary is the watershed {drainage divide) chat
oost closely approximates the socioeconomic enviroamant identified
in Step 5.2, Sce Appendix A-7.1 for further details on watershed
definition and/or description.

This first option may not be appropriate for some cames, particularly
in areas where topography and drainage conditions make vatershed
boundaries less significant. The most ohvious alternatives are

the land unit(s) or land system(s) idantificd in Step 3.1 or the
corresponding sucivecoromic eaviroament unit (Step 5.2}, The

latter may be political or administrative boundsries, or the arewu
served by a given market. The choice will depend on which boundary
is more inclusive and/or distince, as well as on the ewphasis of the
project.

Yet another alternative for ecosvatem boundaries could be 4 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).



Once defined, provide a aketch or map of the ecosysten
Loundaries.

Sub-divide the Human Ecosystem into Functional/Structural Sub-units

This cecommended cption way be used for pre-diagnostic Scap 5.3 or
diagnostic Stops 13. Review the informatior, on land units, land
use types and populatior groups identified in Steps 3.1, 3.2, 5.1
and 5.2, then anaver the following questinrs:

[s there an identifiable spatial organisation of the groups identified
in Step. 5.2.

Are they asscciated as groups, or as functional combinations of
groups, with any particular land unit(s)?

Is there a charactaeristic aattlemant pattern for the area as a whole
by sub-area or by group?

Is the popularion clusteres, dispersed, concentrated w0 one place
or along a river or road?

Are activities associated with reating each basic nead (for the house-
holds in the ccosyaten) relegated to & particular greup and/or area?

Baved on che responses ro thise questions and geneval knowledge
about the ccosystem undar study, consider the folloving suggested
criteria for eccsystem stratification:

Land uso
= type of product
- degree of commercialization
- intensity of use
= level of technology
~ land cover

Land tenurwc
= type of ownership/cerms of occupancy
= size of holdings

Group Function/occupation
example: farmers
arcosans
werchancs
wage laborers/farm vorkers

Ethnic group
example: indizenous fu-wers
Tecently-asetcled pastoralists

Land Units
example: fillslope
valley
ridge

Choose from thene examples or from other pertinent criceria to



stracify ecosystem, Whenever possible Ery to combine
socioeconomic any bio-physical criteria to arrive at che final
grouping, The major criteria, for example, may be land yge vhile
secondary criterig include bach land units and population type
or population density,

Threz examples are provided to illuscrace stratification of ecosystens,
In the first cage the ecodystem ia defined by vatershed Soundaries,

and {c¢ ig sub-divided 8eographically (see Fig, 1) into four aroas
defined by o combination of |ang units, land use, aad population,

as follows:

l. town in river valley, densely Populated by landless
laborers "ang merchants,

2, large cash crcp farms or broad terraces and lowhills,
sparsely populated by land owne-rs and permanenc employees,

3. small farps vith subsistence and caah crops on foothills,
populated by gmyi} landowmning housaholds.

4. forest and shifring cultivation plots oq steep siopes,
sparsely populated by landless farmers,

In the second example zhe ctcosystem it defined by an Administrative unit
undulating to f1ae topography in a broad plain), 1t ia subdivided by

land use types which are functionally a9sociated and occur in a repetetive
pattern on the lendscape (nee Flgure 2). The sub-divisions are:

l. densely populated town:
2. cash Crop estates;

3. small farmg and grazing land populateay mostly by
households chat depend on employment in the escatas; and

4, foraac areas held by the cetdte owners and uged for firewood,
timber and fond collection

In both cases there is 4 prenounced spatial organisation of land use

and production activities, In the firet case the pattern (s uaique
wvithin the ecosystem and is formed by 4 contigusur arcas, In tha second
case the pattern OCCurs on a smaller scale and (s tepeated throughout
the ecosysten, The sub-divisions in the latter Case aro defined more
by tand use thanp by location,

In an €cosystem where there Are marked contrases betveen ethnic Rroups,
particularly when these transcend differances in fand use fOr 80, this

may be the MAJOr criterion for stratification, aq example would be an

area vhere tecently settled former pastoralists and traditional farmars
reside in Adjacent landg of simlar characterintics and both engage in sewi-
commercialized food STOp production and catele raising,

Tha atratificacion by athnye ETOup would be warranted for several
reasons: the difference ip how they perform the Activities, their
differential impact on tne biophysical Telource base, the distinctive
socioeconomic organisation, the variation :in Iequirements to fulfily
basic needs, and the potential for complementary v, competitive utiliga-
tion of resources and production of gooda and Services,
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Guidelines for Completing Inpur-Output Checklist for Evaluation of
Hunan Ecosystem Structure and Function

The checkliat (sce next page) can be completed by answering two questions
and coding the answers.

1. Do the houscholds in this group or area import(-) export(+) or sustain
themselves (¥) with respect to the goods required to rulfill the basic
needs or to supply the resources in the list across the top? In
addition to noting import, export and self maintenance, i3 there a
deficit (x) or a surplus (*) with respecs to the categories listed?

[t is possible, for example, to impore fuel and to still have a
deficit., The code for fuel for such an area would be -x, for import
and deficic. (See the checklist and the completed saszple which
follows).

2. What are the sourcas of imports and the destinations of exports?
Each area or group within the ecosystlen haz 4 number assigned, including
the groups and area outside the croaysten vhich are assigned tine
last number. The czaes where export(+) or lmport (-) are
listed should alyo include the number of the destination or source
areas, For example the food in area | is taported from vithin the
ecosystem (J3) ro the food code for area ] i3 -3, indicating that it tsa
imported from area 3 in the ecosytem with no notabls deficits or
surplus in area 1. See legead on sample coopleted checkliat,

The completed form can be used to draw a system diagraa (Appendix §-8)
or it can serve, aa is, to tdentify the pathvays of erergy, material,
cash and services berween the subdivisionz of the human ccoayslen,

An extension of this tep, tentative tdentification of problems and
potentials, easily followvs from this input-output checklist. Deficits
can be viewed a4 symptoms of problems and surplus as indicators of
potential. The incidence of either one can be noted, by subdivision
and by nced/resources type. For example, in the sample checklist:
valley farms/water deficic; hillslope farma/labor surplus; town/cash
deficit; valley farms/cash surplus. These subdivisions and topics
can be singled out for closer atcention during che diagnostic phase.



Input-Output Checklist for Lvaluation of Human EZcoayscen
Structure and Function.

Croup or Area{ Selected Bauic Needs/Resources

~
2 S o < &
A 1
B 2
c b
D 4
gana 3

4 Croup srea namce should be pliced here;

letters placod for exsopla only.
% Avsign a nuober 1o each troup for cading ,;urxice on chacklist.

404 T™he last cAteRory 1v alvasd reserved for oii he gr2Lpe or area:
outavde of the ecosysiem under cunsideration,

Yor an example of ompleted forwm see next page .
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Ildentification of Problems Putentials and their Distribution

Problems and poteutials at the ecosystem level can be identified,
described and located by following the sequence listed below:

1.

4

List the symptoms of problems (or potentials) for the ecosystenm
28 a whole and (cptional) for the sub-units definped previcusly
by stratification of system. The aggregation of problems by
ecosystem units und sub-units is an analytical step that does
not necessarily imply new information needs. Thas general
guidelines for problem identification at the pre-diagnostic

and diagnostic phase should vuffice for information gathering.
Determination of problems and potentials at the pre-diagnostic
phase can take rhe structural/functional analyses, part [, of
this appendix 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-7
(pare 1),

Identify the apparent causes of the problems or unrealized
potentials liated abave., Causal or functional dragrans may be
used, along with the functional ecosystea description and the
input - output checklist, to trace each problem to ity sourwe(s).
The latter exercise is cipecially useful it the causes are not
very obvious or if they are multiple.

Locate causes by source area and/or dy ¢tosystem fub-units., Indicate
vhether each major problea/potential (in the whole ocogystea and

In each subdivition) has its gource outside the ccosystem, within

the ecosystem a3 a whole, or within a specific sub~-unit (g). To
determine the source(s) consider the questions whick follow.

Docs the problem (or potential) have o definable vause attributabla
to a particular source inaide or ourside cof the ccosystem? I

so, list the sub-unit and spacify tha activities or land usas
involved,

[f not, is the problem (or potential) based on an overall
condition of the ecosyerem {natural or otherwise)? If 1t is
based on such a condition, is that condition changeable?! (lika
current land use) or {3 it an 1ahevent charactaristic of the
ecosystem {like rainfall)? If changeable, how readily could it
changed?

{(Option)

Transter and code the information from the ) previous steps onto
the problem/poteatial checklist for ccosystrms, It 1a helptul ro
complete rhe checkliats for structural?functional description and
toput=outpue analvsis, praoe to this step, A blank checkliat
with instructions, and a4 sample completed form are provided

for tdentirying problems/patentiala by gub-unite affected and by
outces,
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APPENDIX B-2

.
INTERVIEW GUIDELINES FOR ACROFORESTHY DIACNOSIS AND DESIGN

Farming systems Research and Extcansion programs and farming systems
rapid appraisal methodologies have been developed and tested under
diverse conditions within recent years. The widespread application

of an integrated farming systems approach has fostered the testing

and refinement of several rapid appraisal techniques (Chasbers, 1941)
including the "sondeo” of Hildeband tor FSK/E prograas (Hildebraad,
1981), the cropping zystems approach dovelsped st I22I{Zanstra o8 2.,
1981) and the step-wise series of interviewa and surveys used by
Collinson (1981) in Esst Africa. Summicies of thede e thoedologies

and the related interview techniques are also reviewed in a compeadiun
on Farming Systems Rescarch by Shaner 2f  2l. (14992). A useful
discussion of the art of the informal diagnostic survey i3 containsd
in Rhoades (19%2). As auch, general farming systems applications of
diagnostic methods have been dircussed and desoribed in the literatur.
and neced not be treated here.

To the extent that agroforestry systean DAD differs from the usual
faming systems approach it requires some additional gridelines, Yoo
on content and methods of interview. The mujor objectives of agrofur
technology developmeat are:

l. to weet basic needs of client popalaricns
2. to improve the sustainability of production sytteas

J. to further improve quality or quaaritv ot production where posaibli.,
once the tirat two conditions are swatisfied.

The firse objective usually reters to the basic needs of the faram
household: faed, water, fuel, shelter, cash and raw materials fo-
cottage industry (See Appendix A-5). This emphasis winCrodices o

sliding sputial ascale to the analyais fand the fnterviews) ranging

from the intra-household level (distribution of labdour, reapocsibiiitica,
and benefits relative to cach need) to the ecosyaten level (distribasy o,
use, and aanagement of off-farm water, tusl, related land resources,
labour and ~ocio-»conomic and physical infrastructure).

The second objective, by definition, axtends the time scale of the
diagnosin. To judee svatem sustatnability under existing technologies
and propesed alternatives ve require some knowledge of cast condicinny,
as well as trends in production rarea aad rthe arate of the resourcs ba
Na this basins we can determine likely treads tor the future. ™ 7 --
aproforestry deals with coshinacions of loug-lived trees and nhruhs,
together with anaual crops aad anmimal production, aleo reinforces the
need for a longer time frame than that normally applied to farming
sydtems anadlyses,

»
Contributed by D. Rocheleau
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Historical accounts of land use, production, houschold conditious and
ecosystem condition become important tools both for diagnosis of
sustainability and production constraints and for feasibilizy evaluation
of proposed solutions. Imagining the futures - possible, wvith the
farmers' help, becomes important for judging rechnologies that require
present investments for relatively long term returns. Sustatnab’lity
considerations may also require topical ezphases on soil, water,
and/or labour depending on which resource {s, or i3 likely to become,
limiting. In many cases agroforestry techaologics ere inteanded as
methods for maintenance or tehabilization of suil and water resources
in fragile and/or degraded ecosystems,

The third objective, improved production, does not differ substanzially
from the usual focus of farmiang systems analysus and surveys. As such
it requires no special guidelines beyond those already referred to in
the literature,

Interviev guidelines are presented for determining incra-household
perceptions of problems and potentials with respect to basic needs,

for determining hidtorical trends and exploring futures possibls at

the farm and ecosystenm ncales, for describing the interaction between

the farming system and the larger ecosystem (including the community),

and for diagnostic interviews in 40il and water comservation or vatershed
management projecta,

l.  CGENERAL INTERVIEW GUIDYLINES

Intra-houavhold distribution of labour and interestis re: basis needs.

Problem diagnosia can easily be hiased by apeaking euclusively to adult
males and/or heads of hauschold. For sxample, in many areag, althoagh

men are recogoized as facm managers and heads ot housebold, they specralize
mainly in cash and food production. 1t 1e also necessary to consider

the role of worwn asg oandgers of water, fuel, atlk, food supplies,

cottage industries aad soall animal production. Children are often
employed in such tanks aa well, usually uader maternal supervisidn,

Farly on in the interview (perhaps just after a brint overview of the
farm'y layout and the land use history) the team should determine who

is responsible for collecting, producing, porchasing and/or marigiog

each of the end-products tdencified as basic household needs. Baaed

on the answer, part or all of the team may wish o guestiva the tarmec’s
vife or husband, some of the children, a parent, or ocher awabers of fhe
farm household. [t is otten helpful to let one or two teax owabecs aplic
off and converse with other persons vhile the Broup stays wvich the main
farm (or unit) manager,

These parallel interviews contribute two types of tnformation:

First, the concerns and vpinions of wach sub-manager or participant shous
the activities and needs of greatest import to chea; and secondly,
verification of data obtained from othet informants. Differences between
responses to certain commow questions asked of all informants
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toward: land use/farm management changes and the reazons for then;
trends in yields and prices of farm products, trends in amount and
prices of purchaged productian ivputs and purchased household goods;
pas! problems experienced by the fuarm houseitold, the Tesponnes o thea
and the eventual outcom; Jdifferential i{mpact of past ecounonmic or
natural stresses on various lond use cypes and on fulfilzent af the
various basic necds ac the houachold 'evel. Uther specific questions
1y arise based on the Tespoases of the interviewee., Discussion of the
curcent situation may be guided somrwhar by chis knocwledge ot the land
use history, but che general approach would follow the guideliues
noruwally used for farming vystems intervievs about preaent conditions.

Projecting the present conditions and alternative technologies or systems
into the future should be presented casually as an exercise in lmagination.
The potential for this technique will vary with personal and culturasl
attitudes about the future and planaing in gerecal. However, in many cases
the farmer may anticipate futura problema not yel apparent (and scek tolutions
to them). Iaformanrvs Qay alsa veto some suggested slternatives baged on
latent constraines previously unknown to the tesm. The alternatives

shouid be vaised in vary guneral terms lesving the field open for
elaboration or other 3uggestions by the informant. The changing conditions
oun the farm must be lmtgined into these techunology previews, tn:luding

the demngraphi- characteriatics of the farm household, the condicivn of
the natursl resource base or. the tarm, price changes in farm prodects

and purchases, and changes of 41l 1 three types in the vider cavirunment

of the farm. The informant may anticipate these, but if not O proapling
should be provided to explore the tmpact of such changes on 2doptability
and performince of sugg=sted techanologies.

This same type of exercige could apply f the inforaant names 4 coastraint
that the team judges to bhe ephemeral or realiscically sehjece ta remosval,
Then the question “"what it that werw chaneed?" conld he ured to

postulate an alternarive furure caondition for techaology adoprabiivey/
performance.

3. INTERVIEW GUIDELINES ¥nR SHASACTERIZING FARM-ECOSY S TEN INTERACTIONS

The relationship of the (arm to rthe larger ecosyetem in izportant tao
agroforeatry DAD for thres teasons:

1. The need to berter understand and cope with faraing systems
opportunitics and limits that rezide (or originate) in the naext
larger sywtem of which the tarm (s a pact.

2. The need in many projects (which curtently apply a farming systcess
approach) to serve a broader client gruup than a particulay typa of
farm household.

3. The need to analyse the cnmbined wse ot private and public (or
otherwise shared) recourcea 1o rural agricultural and foraest
production.

Tvo majer tapics of iuterust can provide focal peinrs for discuzajon

vith land managsrs (unic managers) about rhe relationship of the land use
unit (o its surroundings. First, discuss dependence on lacal uff-farm
tescdrces for satisfaction of basic needs, espevcially fyel and vater, which
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community needs und problezs vichin the wcosyiten, For example, the
obstacles to adoption of new technology ahould alss be discussed cich
public servants concerned with other evaluition criteria,

Some landless prople .nd sow: wh fave veiy wolll farms and depend
prizarily on off-farm income “Bould Yoodnteoviewed, eapecially if their
numbers are large and rare s L1 the ecusyaten analysie i3 being coaducted
vithin the context of a ruga; developzent project. To deterning the
condition as well 1w the current roic of these people within the ecosystem,
questions rhould aldres; o wide ran e of tenica: soutces of cash and/or
materials for fulf{ilmene of bosic nerds; the Jdegeee to which these

needs are m:t; problems or potentials for iaprovemvat perceived by the
informants; ard thae degree und typs of intera_tiun with local land use
aystems and the lurger syaien. Note typ=a of wetivity, lecazie, timiog
(if sessoual) and exchanguy of puods/aervices/coah,

Ask about tice of residence in the drea and in their curvent heme. Probe
for predisposition to remain in the area awd to eagage in ezployment

{on or off-farm) r liredd ¢ potential agrofurestry technolugies or land use
changes. Prescnt rhese alteriarivas as part o1 4an array of future
ponsivilities o as nol o Lias Tepovees,  Fncourage informants to suggesnt
future alternative: ar sHluticn to curreat problems, since thic glves

the team an idey of what people mout aeed, want and are villing to do.

4. INTERVIEW GUIDELINS.

CONSERVATioN (F T
The rapid appraisal or diagnontic sutvey offers a vehicie for gathering
pertineat qualitative tndottivn shoer the doil, water, vagetation
animals and water renoures: o the regioa and the local Qcosystamia),
Farm familica and other residoaee oftea have conaideradle wnowledge of
the characteriscics wid senavioonr ot thelr environment.

It is advisable that tloea, rturvicws booconduccad by the vhole team
or at lenst by two rezbers ia celfor to ueilize both nocial science skills
aud ecological knorrled ..

It i3 particulatly LPHdTtan s, oy decisa jurpsies Liter ca, to diagnoar
the local perception of the :o0ii unl water managenent prodleas, as well

as the characteristics, migaitobe oad treats of the problezs. Moreover,
the will and ability to app!v G i fic conservation practices or technolo-
fical solutiona mmsg be Arged. 1 posaible, particularly with regard to
arroforestry substicutes. or ausplements to atandart practices.

Trends in the deerilation of “rter and vegetasion cin alge be identified

and described, particularly by ellerly residenta. This type of information
can indicate vhether such tremds tre parcaived as ‘probless,” and vhether
there in a marke! relaricashin go Land v~ e 207 ~ysagement.  This in turn
indicates whethor agroforestry “echnalogies might be used for tehsbilitation
or seabilization PUCPASes At the ccozysten scale.



For example, tlood fruguenc, .14 intensitvy, and its variation vith land
use over tiume, way ve sslitated rforc Ui.oaged siveans tor inforwmation
gained in interviews wich rel? blo informiats. This is bhest
accomplished by ivderepfent questicing of sovrral people, including 2
or 3 eldesly residenss who live pers regularly observed streams or
rivers of intercsc, Theie Gesvtiption of tlell crests should be related
to reccgnizable t:atures oo o1 ...ar rhe 3CTeas banks so0 as to allow
Mograpns later oa.  Other

location on topographic maps ar Lerys!
questions about floed treqooney Lol Cavrwcterivrtics can also be

answered in qualictative tervi. i Qg trravtant to avoid lealing questions
about the zreads invuived ar b putonziel rolatiouship to lasd cse,

It i3 best to broach tie cubject ot the river, {c's behaviour and it's
history and thnea to let the informtuts rolate their experiences,
observations, iupressiove: in a sore or less uninterrupted tashion (if
time permirs and it informoarics is ralevant). lf the infermatioa is not
volunteered, some specific qu-stions should be posed regarding the
situation during the inrarae r®s childhned an ) young adult years. The
answerns can Le compaced later with statesents about the current condition
and behaviour of -he s*:rowy, It is usually nossible to determine: the
highest flend on recar! or ir ¢eory , rthe telative frequency of lesser
flood magnitudues, tnelting U Jore ard afzor spectfic land use changes

of intereut, the ipprovie o wvtent of ' Doan anaual, 5 year and 10
year floodplains, the “utel L0 v af (han sl erasion an! changed over time,
the relative v ounts ot oL trenvported snd deposited in sfream or
river channsls during fioed., thy grisr e o o zeasonal water shortage
problema, wicthor thers are spareat effests frow upatream land use, and
whether residects ~elat. wa.coshed : “ut ot lard use to srream
behaviour, streno wvirs- Dira, T stnitiey oy wvarer sypply or damage
to floodplain riett.,

The historical <ovelone - prohanle soves cal alfects of promineat
erosion featured, cuch as - S lpes ont !a o G Oulorop: exposed by
erogion, can lae o o cp. oo ST Thiz e often an
2881€T topin than ri/er ceie 3. gince farmers are usually

more aware ot cuaciyy ¥,
is relatively rhore oy
pecgson ha. liwvadt g b, Foon T o, L
features on or e

arrival.

ettt time frame requited for their analysis
; Aier esteblishing how long the
Leverrie o d whetaer the current

ily for exazple) pre-date hia/her

nagemrnt, weather)

The time of sppeatince e e ondiciene 1t fue,

undetr which 1 particalas 1 aror - aceurzed Ay offer clusg ag ra
¥

Lf ho/she docs not recomnize uch 4 featucs ge a "problea’™ per se it

@may be ursful to prove For (he recaon.

rha mqeien

If s0il or water consrrvatica plograns vave hoon nroceled or tatroduced
in the past {t i+ oLy daporeast sol .o voder ditecely to
erosion control or coni. rvariog practices matil the ficoer has had a
chance to indicats hig/ler atzircde towa.de ial coadition or spectific

e Lilely to be tiased by "official line’

)

featurns, Othorvige rongl

respongea known o ha the "coves ot answera. 1D the answverl seca to he

capital requirements £av sucl, practices, or by asking about where they have
been applied and what have bera tne results., Also, ora may ask if other
farmers are implementing the vecormended rractices, and why (or why not).

of this tvpe intervicwers ean srabe by oagking about the ladour and
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The informant or the team may observe that significant effacts exist but
are felt primarily off-farm. In such a case the persoas or groups mosc
directly affected may be identified and tatervisved, dapending on the
importance of scil erosion/land degradation within tha conzext of the
project. Such special interviews (on land degradstion effects) caa
determine vhethar the effects are perceived, now osrions they ars {and
are perceived to be), if those affectod relate the problea to land use
or to natural cauges, if there are discernible historical trends in the
occurance and/or magnituds of the effects, and what measures have been
taken to combat/correct the problems (Ly vhom, how, at vhat cost?),
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APPEMDLY -]
SAMPLE DIAGNOSTLIC SURVEY FORM

LOCATION . DATE —

INTERVIZWER

PARMEK'S NAME

This survey guide assumes that the representativeness of the fara being
surveyed has besn more-or-leus 2utablished by the Prediaguostic

Workiug Group, bur section I of resource vndowment and utilization will
assist the D&D Survey leam Lo accurately classify the farm and decide
whether, ta fact, the farm i5 represeatative of the selected land uase
system, (This will determine wherher or 2oz the interview i3 to Ye
continued.)

ON AKRIVAL AT 1 KM:  Creet cthe rarwer, explita the purjpose of the
e = - . . .

visit and ask him/her to taxe thr ream on a quick Lnspection tour of
the farm. Duriag this tour take note 0t promineat landscape features,
geoneral laad use parrtern anl vaciations ta soll type, crop stamd,

vcgdrntiou cover, tarm lietrattrustare, efo.

During this tour thitidte enquities contatoed 10 sections | aad 2 delow,
On completion of the farm tonr and secrion: 1 oant 2, the teasm should
dectde  whether the farm Uy representative aad whethst of aot o
cortinve the interview, [ the decision 18 n3t to contivue, thank the
farmer for his/her cooperation and Jdepars gracefully.

Tey to addresas specific engquiries to the moae knowlodpgeable/appropriate
household wmember.

L. LAND USE HIS [URY

How long has rhe tarmer becen living in the area?

How lonyg hax he/she been farming this particular land?

What form of land use was practiced at the beginning of the period?
what changes in laed use have occurred? Why ?

Nhar warz the condition of rhe landt a2 the depginaing of this neriod?
What changes in land condirion (including vegetation changes, etc.)
have occurred in the meantime?
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2. RESOURCE ENDOWMENT AND UTILIZATION

2.1 LAYD

Subdivide the holding in rerms ot the folleving lund uvv fypes, dscerzain
the approximate area of each, and note any perZinval observations about
the quality or quantity of particular lacd tesourses.  Add other land
categories as needed.  Find out whether the €arumr owns of maxes usé of
vther plots cutside the dupwdiate [arw boundacies and he sure tu .aclude
them in the survey. Note alsu the amcant, type dod quality of water
resources on the farm (or, 1! none, the nature of and Jdiatance to off-fara
sources). Check land tenure

Land Use Type Approx. Area Observatriuns/Notes

crainfed cropland

irrigated cropland

pastures

vough grazing land

orchards

woodlut/forest land

home  compound

Water sources on fnrm[yud:

Land rfenute:

Additional Notes:



2.2 LABOUR

Ascertain the labour resources of the farm in terms of sokrce (tauls,
hired, community, etc.), type (aduli male or teusle, casldren, ot
engagement in off-farm qotivitica, and auailabtlicy fur rare crtivicids
Specify numbers in terms of persons and avarlabrlity 1o terms ol percuentage
of time available for fara work (or maa-days if 1 is Gizficule o elroney
svatirbrity

Source and Type Number Non-Farm Activitied fur Fara Work

Family: adult male
adult female

children
Hired: adult male
adult female
children
Octher
(Specify)

Additional Notes:

2.3 OTHER RESOURCES

Livertock (Specify) Numbe ¢ Use or Furpose Qbservations/Kotes

Farm rmachinery/implements

Other rTesources




2,4, LIMITING RZSOURCES

Having ascertained the resource endowment of the management unit, the teanm
should now try to determine which resources are most limitiug for far=z
production. This step is broken down intoc tvo parts dealing with the

main production faotors and land qualities.

Production Factors

Which of the fullowing factors constitutes the main limitation to farm
production? If therte it more than one limiting factor, try to rank theam
in order of constraint. Probe the farmer's response with syuch questions
as: "If you wanted to increase the production of zhe farm, which af the

following would you need most? Mext mosc." ete. “For whal purpoues?”
Rank Factor Observacions/Notes
Land
Labour

Draught animals

Machinery/implements

Land Quality Limitations

Ascertain, through queotions and dirzect obsarvation, whether there are
any qualitative limitatious to production for the crups raised on the famm.
This is to be done at a very preliminary and general level; more detailed
examination of limiting constraintr will be carried out as jart of the
trouble-shcoting exercise in section 3. (See Appendix 3-9 for further
guidelines. ).

Climacic Limitations Observations/Nouter

PronGuiatu el

Soil Limitations

Topographic and Other
Site Limitations

Additional Notues:




3. PROBLEY IDENTIFLCATION IN HOUSEHOLD PROLCCTION SLBSYSIEMS

This is a progresscve, trouble-shooting type of exeriise., First
detvrmine farmers production objecilives Jith respect tu each tasic
needs category, then ascertain vhat prodlews there are ia seeting
thewe whjectives (the dymptoms will usually be in the nature ot supply
shortages), thea prote for possible causes 3f each probles

(tharcuph . combination of question, direct observations aad general
discassion).  See Appendicea B-1 through B-9 for core Jdetailed
paiceliaes on sec1fic Jdlapnostic proceduted.

Vol Prol FROIGUNIGN SLESTTEM
The foeng here o4 on ftops and livestock preducts grovn tor home
consumption, «and wratever is involved in growing thea.

Trodactron oY 5\ Cllyes
e L L iAol T

Asceriain primary and secondary objectives vith respect to the hougehold's
ateategy for sepplying itself with staple foods,

Produstion Primary Secondary
Ubjective Objective

Staple food self-sufficiency

Supplementary production of staples

f'urchaase

Purchase of mosd artaples .

Supplementary purchise of stap.ies

:’-Jlx'»

Sale ot food valh coops

Sale of Mearple” o fond

Tupply Droblems
Seagonal shoztages of staples oceur: only in bad ynars

in owst years

What <cason! .
even tn gocd veare

To betiet andetstaet the suppl; situatron it nay be veetal f1ll oul
the tollowing supply cal ndiz for the 2ain arops and livestock

{
pradects related to (ood supply prostems. (heck Jiscrepancien

betweren fires of man consanptuon, barveat and purchane,  (ladicats

times i months ot wecseag)
s e mee— s Mo Taiwey of 0 e e

iurchage Obhecrvatians/Notes

Main Foods Cong Lt ton




Diagnosis of Causal Factors Respougible tor Fuod Supply ¥rosless

Datailec gutesline- for the trowble-shuoting analysis ot nossible causasl
factors invelvzed in the toe generatior of fo.d supply prodlems are pleen
in Appendices B-1 throuph B-% fdee especially B-5). Hoat v the
contributing vauses will tail i1nto the folivwving :atvguiles. Add

other categortes and uotas as requited. Check as applicable and give
exnlanatory notes (why, when, how, eic.).

CROP? PRODUCTION

Causal Factocs Yxplanatary Notes

Land shoctags
Labour short:ge
Draught pover

Moiature defliciencies
shotr groving season
unceliable timing of rains
midsesson ottt e streas

Poor wnfilrration ot tain
Low water hoiding capacity

Poor vooting conditions
shallow so:ls
pocr structure/consistency
paos drainaze/zeration

Tillage probliras
wvorhability
rocks, #Htuened, feuls

501l nutrient deficivncies
specify:

cvidonce:

Soil ercdton
gutly
sheet
Uidli

Other harzards
flevling/waterlogging
saliniration
soll toxicities
wireds
crop dideases
insect pests
other pasts
theft

Inadequate supply of laputs
Inadequate knowledge or skill

Other factora:
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Problem/Causal Factors Seagson

LIVESTOCK PRODUCTLON

Weight loss or lew
rats of gain

Low milk productioun

High mortality
unweaned animal,
adult animaley

Low reproduction rate
Land shortage

lLabour shortage

Water shortage
Pasture shortage
Browse shortage

Fedder shortage
(cut-and-carry
materials, ete.)

Foor quality of {eeds
specify which:

Pasture degradition
Bunh enoroachrant

Soil «(rosion
pully
shect
wind

Fire Hazzard
lnadequate feacing
[nadequate shade
Inadequate veterinary

sorvVITen

Other factors:

Observations/Notes




Measures

Faken to Alleviaze Probicns ia the Food Prod.

NI 3'..'LuL; lea

How does
they got
or
Pcobe and discuss unril
lousehold strarteyy with
problems.

3.2
Water is nor "produced”
needs are produced, but
overall supply of watet
consumptioy of water on
are deali wich in other

for dealing with crop tailure?
mitigate causal face

the housenold caope with suppily shorrag:a! Whal sCraleglies have
Whatl Deasules ate takon to reduce
ors and couatraints?  Are these =easures adequaze?

the ceam fecls 17 has an adequate picture of
respect te che alleviation or avotdance of food

WATER SUPPLY SUBSYSTEM

on the farm in the seme way that the other basic
valar manayement practices can affect the

on fatig. Probleoms associated with indicect
the faim (v.g. for crop and livsstock production)
Thie section deals vith problens

the

fecttons .

involved in the supply oo water {or direct household cuensuaption,

Predlens

Sausal Factors

Chservations /Notey

[nadequate drinking water

lnadeguate water (or

uthert

Gres thathiag, cto

e Lack 0f watet source ou fatm

R Time & Jigtanace 1o witer scurcsa
Po s oatlocation of watey resources

Poor wateguhed
avergrazing
detoresrar ton

1T

ey [OTIY

poar

1 P .
PN RO A B

sturape

Hiph evaporation
surface storage

mtilevat: o

Mettnagernae n b

f o-oarrel

drasoage anid

tntrastru-rure

losses trom
fasilities
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3.3 ENERGY SUPPLY SUBSYSTEM

First ascertain the household's present pattern of energy use by filling
out the table below. Then probe for answers to the questions which
follow.

Type of -~ Uses - - Means of Sup; iy - Alequacy
\ [P i at . - . . IS levt 2org N fF Supr
Enerpy Cooring ieating induscry Produce tolle.t Z.rchase of Svpply

Ficewood
Charcoual

Crop residues
Dung

Kerosene

Cas

Electricity

Other

Location of woodfuel (firewcod, charcoal) sources?

How much time (s spent in weeting the houeehold's enargy raquiresents’

Is the household using what it considers to be ioferior enargy seurces’
Why?

Are supply, time or cash expenses required for mecting ancigy needs
considered to be a prodlem bv the person(s) respoasihle (usually ihe
women)?

Are anergy shortages anticipated in the future?



3.4, SHELTER SUBSYSTEM

Shelter in various forma is onother basiz aeed ({nctusive of the tollowisg
shelter types and resources). Probe presea: ataius and unfulfilled reecas.

Shelter Type
or Regouyce Present Status Heeds

Housing for peeple
Housing for livestock
Stores

Windbreaks

Shade
for people
for livestock
for crops

Fercing
around cropland
around grazing land
for pens, bomas, kraals
for aecurity purpouses

Delineation/protection
of boundavies
of paths
of catchpent areas
of draiuvaye/irrigation
features

Building materialn
poles
pOICRA
saw wood
other

AP ) RAW MATERIALS SUBSYSTEM
[dent1fy the main cortage industries engaged in by household mwambars vheties
for home congumplion ov sale (a.g. handicrafc, food processing, carpentey,
trick making, etc.). Next, wdentify the type of souruw (f:rm produced or
purchased) of the ma.n raw materisls and ascercain waeths: *hare are supply
problema now or any anticipated in the future. Recard anaiysis of the causes
ot these prublems.

Raw ~ Sourcs -
Cottage [oduatry Materiasl Produced Putchased __Problaza/Causes







ey

3.7 SAVINGS [ INVESTMENT SUBLYSTeM

In addition to maintainiung an adequate cash flow throughout the year, ost
households have savings or investment aspizations (e.g. to send the
children to coliege, buy land, fmprove zhe farm, pay dride price or

dowry, build 2 new housc, rove to town, oo siuply have soawtuing to seil

to reet energency wedical expenses). nfortucately, not all houscholds
esplrarions have viable saviags fuvestosal enterpriscs.

with genusice savings
(Livestock cerve thnis fupci.on (v mary sy.fems; high value timber planticygs
could be nothwr exsxple 5t g saviegs/investoent eaZeryrise). First
deteraine whet savings/investw st enteiprises chere are, if auy, aad

then trouble-shoot them to idenrify problems ane causcw. (The lack of

any SAVINgH/investiwnl enterpcise cnuld itaelf be consider:d a prublez).

There 13 no savicygs/investuent enterprise (check if applicable).
13 this perceived as a problem? Why is cthere no such enterprise?

Exiscing Savings/Investmant
Anierprives Problems /Causes

1.8 SOCTAL 2TO0UIION SURS ISTeM

The maintenance of good socia! relationa vithin the commcity of {rmediate
velevance to the houschond (o an ecoromic laporative and a Lasic humsn neeld.
Psoeial productiea”, not easily classitied uader any of the

Many tyoer of
the hracing of this general uzbrelia tera for

aboave catevottes, coue undes
all production acrivities and experditures vhich are uadercakea tor
explicitly secial tor potitieal) pueneses, T sose sociefies, this smoua0s
to A large proportion of the toral labour effecz. v 21l sociezies, there
will te "social wxpenses’ ot o g0t or another., Retes of nassags (diren,
marrioge, death, aseendeacy o politioail office, etc.) are commnn ocastoas
OF often anbeltevably hign expenditares tor social putpoises. Ilentifv the
major £orme ot sovia. produczion and oxpenditure, the aswociated probleus
and (Lf the problems e sipniiicant) the cau<es of these probdlems.

Probklexms/Causas

Soctal Produc"nn/ﬁanuditu'
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b, FARMER'S ASSESSMENT OF AGRUECRESTRY O SNTIAL
Frobe for farmer's free Tesponde (9 the 3ugges

tien that trecs might rlay
a4 role in the solution to sow of

die prevlens with questions like:

"What role can a tree/shrub play o solve seme of the problen: you have?

"What kind of trees wouid you plant and where?"

"Why have you not planted them yer?"

Team menbers cay also wish to probe rthe

farmwr's response go apreiffe
trchnical sugges*iona,

explainad tolim'her in the field.

Notes:
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Excerpt from

RESOURCES FOR AGROFORESTRY DIAGNOSIS AND DESIGN

STEP §. DERIVATION OF SPECIFICATIONS POR APPROPRIATE TRCHNOLOCY

This s the final and most {ntegrative step of the Diagnostic Stage. It
is here that the desfgn (oplications of all preceeding steps (1ncluding
those of the Prediagnoscic Stage) are analyscd and opelled out {n terms
of a complete get doaign apacifications for appropriate technology.

To fnsure full treatment o2f all fmportant deslgn considerations, this
Step has been broken dovn Into four subateps. The notes entered {n

the correaponding Worksheretas (6.1 - 6.4) will, collectively, constitute
the terms of reference for aubsequent design activities., That s to
say, they will define the design problem to be tackled by the teum at
the Design Stage.



6.1. DEVELOPMENT STRATECY
TR S IRATEGY
Before commencing on the design of technologies for improvement of
the diagnosed land use systems, it is imperative that the team coms to
a general consensus on two overriding questions:

1) What general approach to take in devaloping the systea?

2) How to deal with the time dimension in design?

These questions involve certain interrelated issues which, once
resolved, would tend to define the general design strategy for the

development of the syatenm, thereby giving shape to subsequent design
thinking.

What Ceneral Approach to Take ia Developing the System?

The options can be succintly stated aa follows:
a) improving vs. transforming approach

b) problem-solving va. potential realizing approach

Neither of these insues necessarily involve mutually exclusive options,
but thinking of them as parcial options helpu clarify importaat
differences in emphasis which could lead to radically different designa.
The first issue is whether it is best to take a design approach which

aios ac making discrete technical interveaticons in the system to bring
about {ncremental improvements or whather the approach should anim at total
transformation or substitution of the existing system by a nev system

of land use.

Generally speaking, experience has teaded to indicate that total oystea
transfaormation is rarely acceptable to farmwrs. On the vhole, emsll-
scale, traditional land users are far mors likely to respond

favourably to incremrncal improvements in their existing cysces.

Since the "adoptabilicy” criterion in technology design will, in the final
analysis, be the determining one with rogard to the practical impact

i an otherwise good design, as a first principle of design, prefcreace
should be given to an "improviag" approach (Torres, 1980; Raintrwe, 1983).

(See Appendix C-1).

This injunction does not scand without qualification, hovever. There are
situations in which a "tranaforming" approach to design may be
indicared; notably, when dealing with modern, commzsvialised farmnrs

who have demdnatratad a villingnzss ia the pasl !y adepi tanuvations
vhich have cesulted in major changes in their pattern of laand use, or
vhen dealing wicth traditional systems that have daen stressed ro the
breaking point and in which there is wigply noc much scope for
improvemonts basad on the traditional viay of doing things,

As previously staced, the two approaches are not mutually exclusive.

For example, iu the case of a worn out traditional systea vhere a
transforming approach may be indicated, the dasigners can still try to
tacorparate familiar elements of the old system into the design for

the new one. It is paychologically important, for & good rate of sdoption,
to give the farmrrs something they can relate to.



In general, tradicional farmers will be rore susceptible to a transforaing
approach to cash crop rather than gsubsistence food production., Caly in
extreme cases, should the tean conteaplate a design which changes

the basic production objectives ot the maAnagement unit with respect to
food crops grown for home consumprion. Food habity are notoriously hard
to change, although, in hiscorical perspective, acdt of the major

food crops aow grown in the world represent focal introductions froa

past azes of expleration and countact. But this situation took u long
time to bring about.

Ou cthe related issue of whether to aim ac providing solutions to existing
problems or vhether to try to tealize inherent pocentials wichin the

syatem for more optimum use of exlacing resoucces, the conservative,
adoption-orieated strategy would rend to favour the prubiem-golving approach.
In general, farmers dare wore Likely to respond favourably to technologies
vhich offer solutious to perceived problems thae to thote which do nac.
Again, the two stratagies ara not nutually exclusive. A goot overall

design might incorporate elemsucs of both., Nevertheless, ty maximize

the chances of awakening the farmmr's interest in adupting the new techaology,
perceived problem-solving alements shocld be incorporated into the design.
Once the main  "aslliag points” have been tncluded, there is no reasonm,

given the exfrems design flexibility of zultipurpose agroforestry trees and
production systews, why additional design eiemerarts cannot be incorporated.
These might address unpevreived problems, or problems vich a lov prioricy

for solution in the facmer's thinking, or perhaps laten? resourzes poteztiala
of the ssatem. (See Appendix C-2 for further notes on multipurpcse dasign

strategies)

How to Deal with the Time Dimmasion i Design?

The main issue here {s: staric va, dynamic design. Agroforestry systesw
are likely to be a long tice on the ground. Unce land is committed to a
specific form of land use tnvolving loag-lived trees, the system cannot

be lightly changed. Moreover, a certain amount of research and developasnt
work is likely to be necosaary before most agroforestry technologies are
ready for disseminaiion to potential users. 1t would be a disgppointing
us: of resources to apend five or ten yeart: petlecting a new agroforestry
technolugy, only to discover tha: in the meantine the target had changed
s0 much as to render the desipn obsolete. For these reasons it is
necessary to give adequate thought to the time dimension ia agroforestry

and to favour, whenever poscible, a dynamic apprrach to design.

Minimally, a dynamic design Aapproach would 1avalve taking account of the
trends and sustainability problems inherant ta the system (viewad (n the
context of its wider environment) and at least tsuring that the
technologies envisaged [uorver acope tor developmencte which nay become
necessary or desirable in the future. A moce complete approach to dynaamic
land use design would {nvolve tctuatly designing 1 step-wize series of
technology developmenta for the sy=tom, Obviously, this would %2 a smuch
more ambitious design undertaking, but perhaps (he offort would be
worthwhile 1n certain situations. Although 1t 19 diffic:le, at present,
to give examples of proven agroforestry detigns which demonstrate the
latter approach, asome general design principies can be suggested

(See Appendix C-3).
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intereating, alternatives. In other vnrde rha into: sentlons should be
expressed abustractly in terms of furctiong, rather than voncretely

in terms of technologi:z, it this polut,
rl ¥

Unice the team has exhausted all the thinkuable possibilities for fencticnal
interventicns in the dystem, these should Le loosely prioritized, and
listed ze flnctional apecificationa for ptoblem-solving technologies in
Worksheet 4, 2, Some aelectivity and judgement should be exercised at
this point (i.e. the team should not liat trivial tnterventicas), bu

the general toune of the thinking should not be overly critical jusc yet.
The purpose of this scep, after all, 13 co begin to open up thinking

about alternacives (including non-agroforescry alternatives). The Cime
for critical assessment will come later.

6.7, POTENTIALS FOR [MPROVED USED OF RESOL§E§§

Uraving con enviroumental and ecoomic informacion .gathered at various
Prediagnostic and Diagriostic Steps (1 - 4), the focud at

this Step is on deriviog design spmcifications fur taproved used ot
exigting or iontroduced resoucces (e.g. nev crops more sutted to the land
qQualities of che area, alternative uses of lan¢ or laduour resources, efc.).
The dinscussion of and evaluation methods L Appendix 8-3 may be helpful
in thinking through the biophysical potentials v? the area. [osights invo
potentiale of a more sociveconomic nature le.g. more efficient use of
labour) will mainly come from the Diagnestic Survey. Loonsaic potentiala
for new crops or increaned production of euisting “lups aay Le discovered
by reviewing information volle red at Step 1 oand 4,

Notes on the team's counclusions should bhe entered in Worketheet 6.3,
There may be some overlap with the results of Dhe PIeviaus LStep.

6.4, POSSIBLE CONSTKAINIE Qp_?{'Eleé& l}(ﬁ&u%@ﬁ!ﬁ{

One of the main Myvantages of a syatematie dvagnoatic 4ppreach to agrofovestry
(or aon-agroforestry) desrgn, 1n the incretvsed prebability of devaloping
pood desipgns based on a orplete set ab design sprcifications.  The

design specitications rould not be vundidered cooplete however, 1! the

team fails to specifv possible conatraiats iaheront tn the systen on potentia.

“echnologies; heace, the nesd tor thia final pre design step.

Neadless to say, the assessment of potential conslraints on new technology
At this Step will be of a preliminary nature, cince the team wil!
not yet have constdeced ipecific cmdidas« tecinologies.  Ouce thia

va Jdoae (in Step 7)Y 4 more {ocuscd aicsetsmen: of spectific consivalngs

pertinent tn the candidatre treanotogie:s will Be andertaken.

The purpose of this initial asiemament 13 Lo adency: o the Jenern:l smatmrints

which would apply te @i candidare technology, o at to give greater focus
to the tnitial desiqun contiderat jons (1.e. not to wasre tioe on
technological suggestions which have Litele o ne potentiail for fitting
ti.to the existing system) . Ceowdl alvays Se pocsibie to reviae the
Assessment of constrawnts 1f, 1t oa laser potat an the deeyorn process, t
bacomes apparert  that the decign (Cielf may Shange the patterr of constraints

on candidate fechnologie:
Atteation shoald be focruged on A%308a1ay Iwa dilttetent kinde of potential

SCONSTLMINTG T INIOLS WSl 22 1 and R Y ST IR T N T ey
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Resource constraints are those which may limit the suitability or
the performance of & candidate technology by victue of the systom's
inability to satisfy ons or more of the rescurce requirements of the
technology, e.g. climatic or soil requitements, labour or cepital
requirements, management akill, etc.

Interactionsl constraints are those which may lieit che suitabilicy
or perforuance of a candidate technology by virtua of adverse
intersctions wich existing aystem components, e.g. faunal pests,

a strong local prejudice against the planting of trees on cropland,
an unfavorable interacticn with labour requirements of existing
entarprises at a critical period in the establishment or operatica
of the nes tachnology, etc.

As th. last example indicates, there is no absolute dividing line

betwoen the two types of constraints, since the unfavorabla labour
{nteraction could also ve categorized as a resource conatraine.
Nevertheless, there are many possible constraints on candidate tachnologias
which wvould be hard to classify as resource censtzaints; for these the
category of interactional coastraicts has been suggested. The point

here is not to come up with an airtight classification schems but,

rather, to avoid overlooking any potentially significant constraints on
new technology, at least as far as posait'e in this preliminary

ansessment. The proposed categories should be used Clexibly for thise

purpose.

Spaca is provided in Worksheet 6.4 to list the identitied poteatial
constrainte as additional (negativa) specifications for appropriate
technologies. Completion of this Worksheat wrings to a close the
Diagnostic Stage of the D4D exercise.



APPENDIX C-8
WOODY COMPONENTS OF EXISTING ACROFORESTRY SYSTEMS"

The following tables dedcribe the roles (productive and/or service)
performed by prominent woody components of existing agroforestry
syatems {n different reglons and ecoclimatic zones of the developing
wvorld. This informatfon {x the reasule of docum:ntary searcheuw carrfed
out as part of ICRAF's on-going global Inventory of Agroforeacry
Systems Project. The informatlon contalned (n these tables vill be
continuously updated as the froject progresunas.

Table 1

Table 1 gives an alphabettcal llating of prominent wocody spscias by
geographical reglon. The role of the tree or shrub speclies in the
region (s noted in terms of itn food, fodder, wodd, eervice or othsr
function. Additional reterences are glven for further Information
on each species (sec references at the end of this appendix). Ths
regions covered are:

Southe ot Asfla

Sour ‘ata (Indfan Subcontinent) !

Nor ' Africa, Mediterranaan and Middle East

East and Central Africa (Humid Zone)

West Africa and the Sshel (Semtarid and Arid Zoues)
Anerican Tropica

Table 2

Tatle 2 focusea on prominent leguminous trees and shrube, the system
or praciice in which they are used, the major eco-zono and the
countries {n which these usecs have beer racorded.

Table )

Table 3 contains many of the same lopunfnous species but sorts theam
according to the predominant type of agroforeatry system in which
they are found (agrostivicultural, si{lvopastoral, agros{lvopastoral),
the specific practice favolved, the country and the ecological zone
in which these usea of the varfous wvoody legumas have been reported.

Note: The count.v {nformatflon in Tables 2 and 3} {s intendad to be
exemplary rather than defin{tive. You may vell find the same practicen
{n other countries of rhe same or othaer geographical rogtons.

lTnble l contributed by E.C.M. Famandes. Tables 2 and ) excexpted from
P.K.R. Natr, F.C.M. Fernandes and P.N. Wambugu. 198}, Multipurpose
leguminous trees and shrubs for agrolorestry. Paper prasented to

the International Sympeslum on Nitrogen Fixtng Trees in the Tropics.
Sept. 19~24. Rio de Janelro.
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SECTION 4. RELEVANT AGROFORESTRY EXPERIMENTAL APPROACHES

4.1 Main Notes




APPENDIX

SOME RESEARCH PROBLEMS CONSIDERED

BY

Peter A. Huxley

(Taken from Proc. IAEA Advis. Group. on
Nuclear Techniques in the Develepment of
Management Practices for Multiple
Cropping Systems. IAEA Tech. Doc. 235,
1980. IAEA, Vienna).
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SOME RESEARCH PROBLEMS COMSIDERED

Before going any turther 1t may be as well to list some ot
the usual problems facing those destgning agrioultural or
horticultural freld experiments, and to note what added

dimensions agroforestry may ive to them,

1. Are we dealing with plant species which have an
extensive range o! germplasm  avatlable or 15 this seill
to be collected and evaluated?

- In aqrotorestry rhe agricultural crops iavolved
may well beornoan advan sed stagqe ol selecnlon or
breeding but rhe woody species may not have been
examined in oany ddetatl oat oall. Furthermore, they
are likely to bLe out-breeding and theretore strongly
heterosygous,

Thus the rescarch programme may need =0 be phased
s0 that an 1nitttal supplementary invenzijation iy

made to select and screen suttable plant saterial.

2. Designs for field invesrigations may be sumple or cneplex
but they can always bo made o vicld more information 1!
ancillary data are collected. Thete ts now, ceortaialy,
a stroprg case to obtain some sinple basic crop phystoio-
gical information tn order to help oxplarn how "yield
has been abtatned.  The staristics to be collected have

to be chosen with great discrimination, howover, 128 tho

burden of work 1s ot gotng to be excessive, eospecially

as ttousually has to be collectoed over g number o
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consecutlve seasuns,

~ In mixed cropping agroforestry systems these
remarks apply with additional toree as the ey
to productivity lies in the rinds and levels o!

plant 1nteractions which are ro be tound,

Depending on olimatic vartabilivy, the number

of expertmental seadons reguired before any firm
B v

statements can be moade about rthe response ot

Has to e

agricultural crop or crops
constdered wery caretully.
woady components oay taki even longer oo evaluate
and then theres s sl the lopg-term elfedts on
the environment to constder,  All=-in-all agoo-

foreatry oxporiments cannot be exjocted te o prel:

information, other than Oof an tnteruom nature, lor

many Yeuars.

When experimenting with agricultural crops the "time-
of-sowing” 1s importan? as there 1s now sonsiderable
evidence for many trooteal crovs thar Date sawing can
soerivusly roedoce yields.  wWhen we some o constder mixoed
croppinyg there may be o comples amd stagjere d neries ol
SOW LIt lmes. The reasons e Shla may 02 many: 1t may
be because of the ways in which the arowsh and develop-
ment of the tndividual spectes are relared te seasanal
changes 1n climate, 1t may be moderated by tarmer

proferences tor plantin: food betore cash crops, or ey

obtatning the harvest s particuiar sposies aroan
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appropriate time tn als soctal life, or 1t may be
decided by labour peaks, ete. evc.

= In agrotorestry systems a turther consideration

may be the phenology ot the woody perennial

Theree 15 very wide o ronlane

Component

behaviour with regard v tlushing, and leaf sall

and, as the acriviry o! the wooldy sbecles bty owe ry
relevant to rthe sucvess or farlar, toany Haceouy
crop (or qrass) sown benceath o0, thiia taoan rmportant
tactor to constder.  Additionaliy, many tree and
shrub species have Sseed Looeanoy nd Lr goare
viabilety prosniems. Aqrroalrurnl oo oare noe

encumbered with such problems as they have bLeen

eliminated £o a large extent :n breeding and selection

progranges .,

4.

In mixed cropping experiments with agricultural crap

species the yield of any piant component in the system

may devend very much on what happens to 1t in its carly

stages of growth,

- In agroforestry systems some spocies of rees and
shrubs could have an extended juvenile phase. Iy
such species are ta be grilised for their fruils or
seeds then the management of the systerm during the
early stages may atrect this.  Puarthermore, 16 more
tharn one woody species 1s used o thuis way, and they
have difterent juvenile pertods, futl comparisens wil!
not be posstble anttl they have all matured and come
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as yet, very little expurience. Devising
adequate measures of control at the start of an
agroforestry vxpaeriment, when the problems have

not ecven been defined, s osomethlng ol oo challenge.

Karvesting 1s nearly always more ditiroult in m1xed
cropping systems unless individual plants are very widely

spacced

- Where woody spectes are tnvolved, and these are to

-

be lopped or cut down at reguiar ntervals, then the

yroblems of harwersting may be greatly tatens: fread,
' j Y

In field experiments 1t s usually deestrable to kKeep the
variability within cach treatment roughly epual, Indeed,
the premises on whieh the analysl:s ol vaoiance e based
demands that this Ls so.  Bven if fransioamation ot et

data can bLe made to achieve homogene ity of warl e

nixed crovnping expoerinent g

there can well be problems o
especially where one plant component s envi vonmentally
less well-sultted than the others, or 1t 1s subijectaod to

a treatment which may adversely atrtect 1ts qroweh.

- Woody perennial speacies are commonly hghiy vartable
in almost all characteristics durinag their cavly
stagos of growth.,  This applies with cven mors toree

.

to the onsot of truitting and the Jdevelopoent ot yretd:d

2y

when, with some spoctes, extrome variabilioy can e

experienced.  There may be, theretore, no sensible



comparisons to be made for some years in an
agroforestry experiment, until the woody species

has '"settled down®.

The dirfferent species 1n a mixed cropping system may
represent a considerable measure of Jdiversity 1n siee
and form. If this {4 so it has to be taken 10Tto account
when considering plot size and gquard areas, which may
need to be greater than 1s vsual in agricultural experi-

ments,

= The problems of using adequate guard rows in
agroforestry evxperiments t1s mentioned tn the
next section but additionally, 1t 18 common praciice
in horticulture with woody snpeciew, as Lt ts in
foreastry, to carry out sequential thinning. In Agro-
forestry cxpertments the question ot malntatning

a standard plant arran (au distinct from plant

population and rectangularizy) s a fact ot
considerable 1mportance with regard to cqualizing
the interactions with an agricultural crop. I¢
thinning ts envisaged 1t must thereotfore be done so
as not to affect plant arrangement, or there must
be some means by which it can be taken into account

if it does so.



4.2 Practical Exercises




4.3
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ICRAF/USAID TRAINING COURSE

AGROFOKESTRY RESEARCH FOR DEVELOPMENT

Nairobi, 1-18 dovember 193J

DATE: November ! (Tuesday)
M CSUBJECT/ACTILTY FRESENTED/
TINE COGKDINATED
8y

08.30 - (8.45 Introduction and general objectives of the 8jorm Lundgren
course,

08.45 - 09.15% Cou e structure and orqanizatinn. Ester Julberti
Announcenents.

09.15 - 10.15 Participants introductions wnd brief descrip-
tion of current professional activities and
AT interests.

10.15 - 10.45 Coffee Break

10.45 - 11.45% Continued.

11.45 - 12,30 [CRAF'4 Role and Programme Bjorn Lundgren

12 30 - 14.00 Lunch

14.66 - 15.30 The concepy of Agroforestry Filemon Torres

15.30 - 15.45 Coffee Break

15.45 - 18.00 Agroforestry field trip to Kiambu District Peter Huxley




[CRAF/USAID TRAINING COURSZ

AGROFORESTRY RESEARCH FOR OEVELOPMENT

Hairobi, 1-18 Movember 1983

DATE: MNovember 2 (Wednesday)
. SUBJECT/ACTIVITY PRESENTED/
TiME SUBJECT/ CCORDINATED
81
03.3) - 09.30 Global overyiew of Agroforestry systems PR Natr
and practices
09.30 - 10.15 Agroforestry systems in arid and semi-arid Miche! Baurmer
regions,
10.15 - 10.40 Coffen Sreak
10.49 - 11.00 Agrofaorestry systems in African Highlands Arare (etahun
g, Se:rmandes
11.00 - 12.30 General discussion PR, Natr
12.30 14.00 Lunch
14.00 - 14.45 Agroforestry poteniials and constraints for Byorn Lundgren
lard use '
14.45 - 15.30 Group Jiscussion on "Actions needed fFor AF
development o international, regional and
rat onal foels”
15.30 - 16.00 Coffee Breas
16.00 - 16.45 Contingd
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ICRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH FOR DEVELOPME!T

Mairobi, 1-18 tovember 133J

(Thursday)

TIME

SUBJECT/ACTIVITY

PRESENTED/
CCOROINATED
8Y

07.30 ALl day

Agroforestry Field Day

. Observations on on-farm and on-station
agyroforestry teials (Kakuyuni and Xatumant )
and oo role ot woody vegetation in the
SPNY -artd regrons .

. A visit to [CRAF's Field Statior in
Machakos

Oyrk Hoekstra
Michel Baurer

POCLR. Hatr
Ti1l Darntafer
P.v. Carlowity




[CRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH

FOR DEVELOPMENT

Nairobi, 1-18 November 1983

PATE:  November 4 (Friday)
TIME SUBJECT/ACTIVITY PRESENTED/
COORDINATED
3Y
08.30 - 09.00 Technology for Agroforestry Peter Huxley
Introduction
09.00 - 09.45 The envirenmental data base Ti1l Carnhofer
09.45 - 10.30 Soils aspe :ts of AF Research P.K.R. Nair
10.30 - 10.45 Coffee Broak
10.45 - 11.30 Climate and climatic measurements in AF T411 Darnhofer
11.30 - 12.30 Multipurpase trees. Opportunities and P.v. Carlowit2
limitations. § Peter Wecd
12.30 - 14.00 Lunch
14.00 - 14,30 Characteristics of crop species for AF Willem 8ee2s
14.30 - 15.30 Animal production in AF systems Filemon Torres
& P. Rabinson
15.30 - 15.45 Coffee Break
15.45 - 16.45 Tree/crop mixtures - the benefits Peter Huxley
(or atherwise) of mived marriages
16.45 - 17.00 General review of the first week of the E. luldberti

course and brief averview af the proaramme of

activities for the second week




[CRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH

FOR DECVELOPMENT

Nairobi, }-18 November 1943

DATE: November 7 {Monday)
TIME SUBJECT/ACTIVITY PRESENTED/
CCORDINATED
81
‘ 08.30 - 09.00 Approaches to Farming Systems Research Roger firkby
fcas
09.00 - 09.20 CIMM'YT's Conceptual and Methodological
approach to On-Farm Resedrch P.oAnanda
N T
09.20 - 09.40 CIMITT s experience to date fn Africa M.P. Collinson
CluMYT
09.40 10.00 Coffee Broak
10.00 - 11.00 Group discussion Filemon Torres
11.00 11.10 Short break
_J 11.10 12.30 Diagnostic approach to the design of AF John Raintree
technologies
12.30 14.00 Lunch
14.00 - 15.30 An example of a diagnostic and design D. Rocheleau
application: Case study review in Costa Rica.
Case study review in Costa Rica. (Example |
of a diagnostic and design application)
15.30 15.45 Coffee Break
15.45 16.45 Continued




ICRAF,USAID TRAINING COURSE

AGROFORESTRY RESEARCH FOR  DEVELQPMENT

Nairobi, 1-18 November 1983

OATE:  November 8 (Tuesday)
TIME SUBJECT/ACIIVLTY PRESENTED/
COORDINATED
31

08.

09.

30

00 -

.30

i.00

2.30

.00

.30

A5

10.

.00

30

.00

.30

.00

Field Study Preparation

Introduction to the case study exercise in
y ;
Lathama

Pre-diagnostic nverview of the Kathama s tudy
Ared.

Coffee Breax

Field survey methods

Lunch

Case study review in Malavsia. (Example 2 of
a diagnostic and design application).

Coffee Break

Continued

Jonn Fasntres

ontoe e N

Carnno e

). Rocreleau

~3

CCartowit:
Hoeistra

-
< -




ICRAF/USAID TRAINING COURSE

AGROF:JRESTRY RESEARCH FOR  DEVELOPMENT

Mairobi, 1-18 November 1981]

DATE: November 9 (Wednesday)
TIME SUBJECT/ACTIVITY PRESENTED/
COOROIMATED
37

—

07.30 onwards

field Exercise in Kathama

John Ryintres
0. Hocneleanw
Filemaon Torees
Dirx Hoewestry
E. Iulbertd

Interpreters
Jaghetn Cyengo
Yeronicy Mdungs
L. Kyongo

R. Mwendandy




[CRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH FOR _DEVELOPMENT

Nairobi, 1-18 Hovember 19321

DATE: November 10 (Thursday)

TIME SUBJECT/ACTIVITY PRESENTED/
CCOROINATED

8Y
07.30 onwards Field Exercise in Xathama Continue (same as pre-

vious day)




[CRAF/USATD  TRAINING COURSE

AGROFORESTRY RESEARCH FOR_ DEVELOPMENT

Mairobr, 1-18 November 1983

DATE: November 11 {Friday)
TIME SUBJECT/ACTIVITY PRESENTZD/
COORDINATED
8
08.30 - 10.00 Diagnostic Analysis (in four simultaneous JOnn RAIALrye
workshops ) O.Rucheivay
Fileron Toeres
Otek Hoebks ey
10.00 - 10.30 Coffee Break
10.30 - 12.30 Continued
12.30 14.00 Lunch
14.00 15.30 Continued
15.30 15.45 Coffen Break
15.45 - 16.130 Preparation of posters for group presentations
on Monday.,
16. 30 16.45 General review of the second weeik af the E. Julberty &

course and hriaf overview of the programme of
activities for the third week.

John Raintres




[CRAF/USALD  TRAINING COURSE

AGROFORESTRY _RESEARCH FOR. _ DEVELOPMENT

Nairobi, 1-18 NHovember 1943

DATE:  November 14 (Monday)
TIME SUBJECT/ACTIVITY PRESEMNTED/
COORDIMNATED
3

04.

09.

10.

30

30

00

.30

.30 -

.00

.30

09.

10.

10, 2

30

00

.30

.00

5.30

A5

Groups presentations of diagnosts. Uiscussion
Sesalon.

[ERAF " yummary vf diagnosti and destagn
Spetrroations an <athama

Coften Break

Technology appraisal exercise in small qrouds
Lunch

lnformation resources in AF

Coffee dreak

Pestan and tvaluation

suggestod design procedures
{CRAF < desayn proposal for Kathama
introduction to design evaluation survey

Grouy Teaders

John Ryintree

Group leaders

Richard Labail

John Raintree

0. Racheleau




[CRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH FOR  DEVELOPMENT

Natrobs, 1-18 November 1983

DATE: November 15 (Tuesday)

TIME SUBJECT/ACTIVITY PRESENTED/
COQROINATED
Y
07.30 onwards Field Exercise

Cesign Evaluation Survey (in consultation with
farmers interviowed before )

Lunch in Kathama

Visit on - site experiments

Group leaders
S intergreters




[CRAF/USALL  TRAINING COURSE
AGROFORESTRY RESEARCH FOR DEVELOPMENT
Mairobi, 1-18 November 1983 -
DATE: MNovember 16 (Wednesday)
TIME SUBJECT/ACTIVITY PRESENTED/
CGORDIMATED
B

08.30 - 09.00 Oetailed ex-ante evaluation of the design, John Fatntree
(Technology evaluation score shests)

09.00 - 10.30C Same relevant o amples Miche!l Baurer
(ncologrcal, physical, social, biological, POCLR. Narr
econcmic aspects) 0. Rocreleay

Filemon Torres
Dirk Hopistiry

10.20 - 11.00 Coffee Break

11.00 - 12.15 Contynued

1215 - 10,20 Summary of Diagnostic Approach to the Design John Raintree
of AF Technology

12,30 - 14.00 Lunch

14,00 - 15.00 Detining specific research problems Peter Huxley

15.00 - 15.30 Coffee Break

15.30 - 1b6.45 Planning and implementing investigations to Peter Huxley

Ggenerate technology: The Alley Cropping Case




DATE: November 17

LCRAF/USAID TRAINING COURSE

AGROFORESTRY RESEARCH FUR UEVELOPMENT

Nairobi, 1-18 Novenber 1983

(Thursday)

TIME SUBJECT/ACTIVITY PRESENTED/
CGORDINATED
87
08.30 - 10.00 Choosing MPT species Peter ¥ood
Some implicatfons for Intercropping research |Willem Beets
10.00 - 10.30 (offee Break
10.30 - 12.30 Predicting productivity and sustainabflity Peter Huxley
for mixtures of trees and agricultural crops
Abstract criteria Ti11 Darnhofer
i
i
12.30 -'14.00 Lunch
14.00 - 15.15 Systematic spacing designs for AF Peter Huxley
15,15 - 15.30 Coffee Break
15.30 - 16.45 General discussion on field layouts (A1 above)

(Candidates split into two working groups

to plan an alley cropping experiment

Group A - High Tevel of research resources
Group 8 - Low level of research resources




{CRAF/USATD  TRAINING COURSE

AGROFORESIRY RESEARCH FOR  DEVELOPMEMT

Hairobt, 1-14 Movember 1983

DATE: November 18 (Fridav)
TIME SUBJECT/ACTIVITY PRESENTED/
COCRDINATED
3y
04.20 - 09.30 Proposals for experinzental measurements
Approoriate data collection for:
- Plant cnaracteris tics Peter mudiey
09.30 - 10.30 - Environmental characteristics {soils/ Tl Darnnofer
clhimate)
10.30 - 11.00 (:._Qf__f_e.'g.‘_ H»re‘}l_f\
.60 - 12.30 Data analysis and summaries. Peter Huxley &
Plenary session [CRAF staff
12,30 - 14,00 Punch
.60 - 15.30 Overall course review and evaluation Ester Julterti
& ICRAF cafy?
15,36 - 16.30 Farewell to participants

COURSE_ENDS




