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1. INTRODUCTORY NOTES (J.B. Raintree) 

This is the seventh report of the USAID-ICRAF Cooperative Agreement, 

Project No. 936-5545, for the period from April-June, 1984. 

According to the tl".r'ee-yeaJ' agreement ,,·hi.ch became effective as of 

1 September 1982, ICRAF receives support from USAID for three projects 

of ICRAF's Programme of \Vork. These ar'e: 

Agroforestry Training
 

Diagnostic and Design Methodology Development, and
 

Agrofores tr'y Sys terns Inven tor'y
 

Progress reports in respect of the three projects for the period, 

prepared by the r'espec tive pr'o jec t leaders, ar'e attached. The second 

ICRAF/USAID AgrofoJ'estry Course \,as held this quarter' in Nair'obi and 

preparations are underway for the 31'li Course to be held in Malaysia 

in October, 1984. In the D&D project, collabora tion \,as 

initiated with the International LaboUl' Organization to assist in 

incorporating D&D aspects into practical training modules for 

Village Polytechnics in Kenya, and a pr'oposal \,as developed for' 

collabor'a tioll \;1 th the SPOT sa telli te pr'ogramme to use gr'ound truth 

information from the Kathama D&D site to evaluate the new high 

resolution im1gery for large scale diagnostic applications. Several 

new reports on AF Systems Inventory results were submitted for 

publication during the quarter and progress was made in developing 

a standard format for computer' coding and analysis of the primary data. 

The financial statement for' the period is included, follo\,ing the 

individual progress reports. 
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2. AGHOFORESTRY THAINING (E. Zulbel,til 

2.1 First ICHAF/USAID Agl'oforestl'y Course, Kenya, 1-8 Nev. 1983 

Follow-up. After a period of in-house discussion (last qual'ted a 

follO\~-up questionnaire I~as mailed to course participants on 26 April 

1984. The form was speclfh~ally designed l0 pnwide feedback on 

to wha t exten t agl'oforestry infol'ma t ion/I(llO\~ledge/method s a re being 

put into usc as a consequence of the participants attending the 

ICRAF/USAID Course. A copy of the 1'01'111 is pl'esented in Annex 1. 

Eight questionnaires have, so far, been /'eturned. A I'CPOl't on 

feedback information gathered by this means is to be prepared later 

in 1984. A fourth communication lVas also sent 1'1'0111 the TI'aining 

Unit to all course participants together lVith a copy of the first 

booklet of the ICRAF Scien~e and Practice of Agroforestry series 

(see Annex 2) 

2.2 Second ICHAF/USAID AF Course, Kenya, 4-22 June 1984 

Pre-Course Ac ti vi tics. An in-house semina I' was held at ICHAF on 

16 Hay lVi th the aim to I'evi ew the gene/'al planni ng and ol'gani za tional 

details of the programme. At this time E. Zulberti briefed ICHAF 

staff on the tedllli ca I backgl'ound and professi onal expel'ience of the 

selected participants. 

The Coul'se I,'as announced in countries/institutions \~he/'e already 

exist some kind of collaborative activities 01' is likely to begin 

in the ncar future. The cri" "ia 1'01' thl' selection of sponsol'ed 

participant remained the saille as 1'0/' the fi rst Course (sec Pl'ogl'ess 

Heport 4 pa.se 2-4). Seventy-tlVo applications fl'om countl'ies in 

Africa .•nd Latin America wl're rcceived and analyzed (sec summary of 

applications in Anncx J), TI..cnt .... -fivl' pal'ticipants attcnded thc 

June COUl'se repl'esenting tl>'('\ ve Afl'ican ('olllltr'il's and t\~O Latin 

American ones. The names and addrcsses of participants is pl'esented 

in Annex 4. A strong intcrcst in ICHAf training and dissemination 

activitics became evident amongst the intcr'national community e.g. 



tl{O national ins ti tu tions fr'om developing countl'ies (Uganda and Halald)
 

sent I'epr'esentative under olm gover'nment spon.:orship; tl~O
 

international ccnter's (ILeA and the Vor'd Foundation Sudan) also sent
 

candida tes under' tltei I' suppor't.
 

TI{Q communications \{ere sent t,) all pal'ticipants pl'iOI' t,) the Cour'se.
 

An official nomination to attend the Coursc under' the USATIl
 

sponsor'ship sent by thc Ilil'cctor and a letter' with instnlctlons on
 

finance/ administl'ative matteI's sent by EZ tog~ther I~ith it package of
 

genel'al information about the COUI'Sl' progl'amml' and pal,t:il~ipants, as
 

wen as on ICHAF activiti,'s and staff member's (sec Anncx ().
 

Tr'aining Hatel'ials. A basil' packa!!,c of .~el1l~r'al infol'mation about 

leHAF and Nairobi was handed OVl'I' to pal'ticipants on Hegistl'ation 

Ilay Olonday .j ./une) together 1>1 th thl' first set of the Tr'aining 

Hatel'ials I'equired dur'ing the fil'st Heck of the Cour'se. The 

or'gilni:.atil)n of the Training Package follO\~ed approximately the same 

sequence as the one pr'epal'ed for the Fir'st Coul'se, but the content 

Ims selectively screened to include only those al,tides, documents 

directly related to the pl'ogl'alllllll' p'cscntations. Noncthl~less, lists 

of rcfcz'C'net's wcr'c available as well as supplemental'y matl'rials fOl' 

those pill'tidpants Idth specific tcchnical intel'l~sts. A set of the 

Tr'aining PacLage is incllllh'd in Annex 6. 

A Slide Set on "Agroforestl'y Systems in Ileveloping Countri l'S" \~as 

joi n tly prepa red by the TZ'il ining Un i t and the Agl'ofol'es t ry Sy stems 

lnventol'y Project (PKH Nai I'/E. Fel'l1ande:.). The set includes tI~cnty 

slides illustrating il VilJ'idy of agl'ofor'estl'y systems/pr'aetiees 

in and ,lI'Olmd the tropics, covcJ'ing the major l'co:.onc types (Humid 

and Sub-humid; Tl'opical Highlands; Semi-add). The slides I~ere 

accompanied by a six-page document with a short legend on each one. 

A copy of the set is attached to the Tr'ain1ng Package. The Slide 

Set Was sold to pa r'tic ipan t s upon I'eques t, a t a nom1 nal C01i t of 

USIl 2.00 

The Course "rogr'arnme. Activities begall on 4 .Julle when participants 

came to lellAF for' "egistl'iltion and geneml information PUI'pOSe1i. At 

tha t time they I'eceivcd the Tra in ing Package, the genera 1. infor'ma tion 

package and the payment of the first pCI' diem instnl1ments. 

L
J
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Official s tart was made on Tuesday 5 l,ri th a bri cf opening scssion by 

Dr. Pcter Huxlcy, Officer in Charge. In gcneral tcrms, thc scope and 

content of the Course pl'ogmmmc focuscd on thc "Conceptual and Technical 

Dackground of Agrof01'es tl'y" (f iI's t weck), the "Ili agnos tic and Design 

Hethodology" (second and half of third weeld and "Expedmenta] Designs 

in ,\gl'oforestl'y" (second hal f of thiTd I~celd. Copy of the detailed 

pl'ogl'ilme of ac t ivities i.s attached to the Tmi ni ng Package. 

Training sessions included fOl'ma1 lectul'es, caSl' studies, wOI'kshops, 

working gl'OUpS and independent study/wol'k, as \~l'l I as consultations 

with ICHAF staff. Field exel'cj ses wel'c cal'l'ied out dudng thc first 

and second wccks. 

ICHAF's multidisciplinary team participatcd in thc training activitics 

covering a widc range of conccptual, methodological and pI'act ical 

topics. On 22 June (last day of the coursc), aftcr the ovcrall coursc 

revicw and evaluation session, pal'ticipants I'cccived a certificate 

of attendance followcd by a modcst farcwcl] gathcring at ICHAF. 

Thc ovcl'all coul'se progl'amme coordination lVas I'un by E, Zulbcrti I~ith 

backup support fl'om all ICHAF scicntific as lYeLl as administrative 

stafr. 

COUl'SC HC\nitoring and Evaluation, ~Ionitodng pl'ocedul'cs IVCI'C tIj'plied 

throughout the dcvclopment of thc coursc with the aim to detcct 

progra~nc difficulties, if any, and apply quick corrcctivc measures on 

timc. E. Zulbcrti carricd out rcviclV scssions at thc cnd of thc first 

and sccond lVeeks of the COUI'SC as pa rt of the progl',tnlllle of ac ti vi tics. 

Somc adjustments werc madc during thc third week to adjust to thc specd 

of thc groups' I~Orl(, Lal'!~e]y, thc programme of ,1ctivities and 

gencra] coordination Ims folJolVcd as ol'iginally planned, 

An cvaluation fOl'm I~as fi11ed by pal,ticipants and an o/'al eva1uation 

scssion I~as can'ied out a t the end of the Course. In i!l'l1eral, 

pal'ticipants exprcsscd vcry posi tivc commcnts about this th/'ee-I~cek 

Coursc. A final rcpol't with thc summary of infol'lllation gathcred and 

an analysis of thc implications for future courscs lYill be presentcd in 

early August 1984. 
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2.3 Third ICRAF/USAID Agroforestry Course 

An agreement was reached wi th the Universi ty Pertanian ~Ialaysia (UPH), 

the Halaysian Agricultural nescarch Institute (HAHDI), the FOI'cstl"y 

Research Institutc in ~lalaysia (HRIH) to jointly host the thi,"d 

ICRAF/uSAID in October 1984. E. Zulbel"ti undertool, a mission to Halaysia 

during Hay 20-25 to start the coordination of the course logistics 

and support from insti tu t ions involved. A11 the above ,lI"e COSPHO 

Collabora-ing institutions. The Course will be held at UPH from] to 19 

Octobel" 1984. Invitations to institutions in the ,'egion I;ave aIt"eady 

been sent, mainly to India, Indonesia, Thailand, ~Ialaysia and the 

Philippines (see Annex 7). 

Dr. Kamis, Head of the Forestl'y Depar"tment at UN! was designated 

as the national Course coordinator and is at present closely collaborating 

with E, Zulberti. A preliminary Timetable fOl' the Halaysia COUI"se is 

presented in Annex 8. 

2.4 Fourth ICHAF/USAID Agrofores try Course 

As mentioned in the previous Pl'ogress Repol't (January-Harch 1984), 

contacts were initiated with COSPRO collaborating institutions in India 

to jointly organize one of the ICRAF/USAID Coul"ses in 1985. Authorities 

in India have expressed a positive attitude towards the proposals 

presented but no final decision has been reached yet. 

Alternatively, a similar training proposal was discussed with 

Hr. Hanual Villavicencio, Director of the Experimental Station in 

Yurimaguas, Peru and also a COSPRO collaborating insti tution. An 

enthusiastic response from Hr. Villavicencio leads us to think that it 

would be feasible to organi::e the fourth Agl'oforestl'y Course in the 

series next June 1985 at the Agroforestry Project site in Yurimaguas. 

However, further developments arc expected to take place soon as 

Dr. Torres is at the present time in a COSPRO mission in Peru. 

HI'. Villavicencio attended the ICRAF/USAID Coul'se in Kenya 4-22 June 

1984. 

1 
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3. DIAGNOSIS AND DESIGN PHOJECT (J .Il. Haintl'ee) 

3.1 Dissemination of the Methodology 

Hequests continue to come in fl'om all ov~r the world 1'01' copies of 

the two dl'aft D&D manuals (lyorking Papers 6 and 7, copies appended to 

an eadiel' qUill'tedy I'epol't). To date, the cntil'e first run of 300 

copies of Guidelines for Agroforestry DiagnosiB and Design have been 

distributed and approximately 180 copies of ResourceB for Agroforestry 

Diagnosis and Design. A nel~ I'un of 200 copies of the Guidelines has 

been produced to meet the continuJng demand. 

During the qual'tel' the follOldng invited papel' I~as pl'oduced and submi tted 

to the organizers of the indicated meeting: 

J. n. Raintl'ee. A systems appl'oach to agl'ofol'estl'y diagnosis and design: 
ICRAF's experience Id th an interdisciplinal'y methodology. VI 
World Congl'ess 1'01' HUI'al Sociology, Woddng Session N0, 26: 
Interdisciplinal'Y Collaboration in Hural Development--Dream or 
Heality? 15-21 December, 1984, Hanila. 

The paper discusses how the D&D methodology addresses the need for an 

in tegra ted, "di scipline neut l'al" sys terns appl'oach to agrofol'cs tl'y and 

various factors involved in the relative success ICHAF has experienced 

with the usc of the D&D methodology by nmltidisciplinary scientific 

teams. As a technical contribution to a working group of social 

scientists and others concerned Id th intel'disciplinary methodologies, 

the paper is intended to raise the level of international awal'eness about 

D&D, but it is not intended for general distribution to prospective 

users. (Sec Annex 9). 

On a more practical level, aspects of the D&D methodology are now finding 

their way into simplified training materials ,for Village Polytechnics 

in Kenya, through ICHAF involvement with a Nairobi based project of the 

tnternational Laboul' Ol'ganization. ill'S. Hochelcau and Haintree have 

reviewed the tl'aining matedals produced by this project and Dr. Hocheleilu 

has authored four "learning elements" within the training module on 

"Choosing a Tree" which incorporate aspects of the D&D approach in a 

highly simplified way. 
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3.2 Kathama Site Activities 

Development and testing of methodology for on-farm agroforestry trials 

contin'l~d during the quarter with a baseline soil survcy and measurement 

of the biomass yield fl'om a} 1ey cl'opping hedgcl'olvs on one farm. 

Dr. Rocheleau's wod( lvith voluntal'y agr'ofol'estl'y gl'OUps in Kathama 

now involves some 250 households. FOUl' of the self-help nUl'sel'ics 

started this quarter to collcct seed and produce secdlings on their 

own for the first time. This is the kind of lc"l'I1ing IYhich must occur 

if agrofol'estry innovations al'c evcr' to be "self-spreading". Local 

dissemination of the approach bcing developed at Kathama took a major 

lcap forward in this quartel' with exchange visits betlvecn Kathamil 

project participants and the leaders of somc 28 self-help gl'oups (wi th a 

total membcl'ship of nearly 2,000 pcople) fr'om the Ka tisaa (Ya t ta PIa teau) 

area of Nachakos. Involvcl'lcnt of pel'sonnel of the Nachakos Integrated 

Development Project in these cxchanges incrcases the potential for IYider 

dissemination of successful aspects of this "horizonal lear'ning" approach 

to communi ty pal'ticipa tion in agroforestry trials. Even tual documen ta tion 

of the case study information being generated by these activitics IYill 

make the Ka thama model available to agroforestl'y workers elselYhere in 

the world. 

3.3. Activities in Siaya 

Coopcration IYith the CAlm Kenya Agroforestry Project continued this 

quarter IYith community and landscape level diagnostic and design 

activities carried out by Dr. Rocheleau and Remko Vonk (former rCRAF 

Rescarch Assistant in the IJ&D Project, now with CARE Kenya) . See 

Annex 10 for a sample of the results of gr'oup sUl'vey activities. This 

activity is pal't of the current effol,t in the IJ&lJ project to develop 

the methodology of larger scale lJ&D applications. 

3.4 Collabor'otion IVith the SPOT Simulation Campaigne in Kenya 

A neIY dimension was addcd to the "larger scalc" lJ&1J activity this quartcr 

with thc formulation of a plan of collabol'ation wi th the Fl'cnch SPOT 

sa tclli tc gl'oup now opcm t i ng in Kenya. The Ka thama I'csea l'ch si tc, lvi th 
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its four year's of accumulated data from D&D project, "ill pl'ovide 

"ground truth" information for comparison with the new high-rcsolution 

satellite imagery (now capable of resolving land use forms in the 

10 to 20m size range), As a joint activity with the Land Evaluation 

Pl'oject in ICRAF's Systems Programme, D&D staft" at Kathallla will 

contl'ibute to the testing of SPOT's ability to identify vel'y slllall 

agrofol'es try land usc fea ture:::. poss i hly do,m to the levcl of 

indi vidual trces. Such techniques may pl'OVC to bc VCl'y powel'ful tools 

fOl' lill'ge sca Ie D&D applica ti ons. (Sec Annex 11) 

4. AGROFOHESTHY SYSTDIS INVENTORY PROJECT (p.K.H. Nail') 

4.1 Data Collection 

As indicated in the previous report, the date for completing data 

collection was extended beyond 31st Harch 1984. Dul'ing the quarter, 

data sheets were received from several Regional Coordinators: 

Exhaustive four-volumc, final rcpol't from Prof. von Hayde11 for 

thc arid and semi-arid West Africa; 

Final I'eport from SEAHCA including !'cport fOl' the Phi] i ppines; 

Heport for Ecuador, Dominican Hepublic and Nicanlgua werc 
received from CATIE h'i th the promise that repol'ts fl'om other 
countl'ics "ould be scnt bcfol'e thc end of Junc 19R4; 

DI'. Tejwani (HC, South Asia) has confinncd that all thc lVork 
pending with him for thc region would be complcted and submitted 
by mid-July 1984. 

DI'. BaumcI' (HC fOl' thc ~lcditcl'l'ancan and thc ~liddlc East) gave 
a summary I'cport and completcd questionnail'cs fOl' tlVO systems 
in the region. 

Somc voluntal'y I'eports ',CI'C also reccived fl'om other cnthusiasts. 

These included: 

tlVO dcscri ptions from Sumatl'a, Indonesia
 

one from Papua Ncw Guinea
 

one (up-dated) from Vcnczucla
 

onc from Ghana
 

]\
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4.2 Heeting of the Nairobi-based Coordinators 

A meeting was held on 04 Hay at ICHAF, a ttendcd by lCHAF Dil'ec tOI', AFSI 

project staff (P.K. Nail' & E. Fernandes) and Drs. ~l. naumcr and 

A. Getahun (HC for East, Central and humid West AFdca). ~fattel's 

arising from the USAID Evaluation Tcam I s visit in Harch 84 \~ere discus<;ed 

and the two HCs were requested to complete data collection as 

stipulated. 

4.3 Data Evaluation 

E. Fernandez visited Prof. Spedding and his group in the first fortnight 

of Apdl. Togethel' they examined the available (pdmary) data and 

found that the primal'y data received from various geographical and 

ecological regions, and collected by different people varied 

considerably in their details. They felt that the data needcd to be 

transferred to a secondary data format for which a modified format 

was devised. A first draft is attached as Annex 12. The primary 

data arc now being tranferred to this new format. These secondary data 

sheets will be more uniform and will facilitate computerization of data. 

4.4 Data Oases 

The data bases mentioned in the previous reports arc being constantly 

improved and up-dated. 

4.5 System Descriptions 

During the quart~r, the following system descriptions werc completed 

and sent to the AI" Systems Journal fOl' pl.blication. 

No.4:	 P.F. Fonzen and E. Oberholzer 
Usc of multipurpose trees in hill farming systems in Western 
Nepal 

No.5:	 P.T. Evans and J.S. Hombold 
Paraiso (Melia azedar'ach val'. "Gigante") \~oodlots: An 
Agroforcstry alternative for the small farmer in Paraguay 

No.6:	 n.H. Bourke. Food, coffee and casuarina: 
an agroforestl'y system from the Papua Ne\~ Guinea 
highlands 
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No.7:	 M. de S. Liyanage, K.G. Tejwani and P.K.R. Nair. Coconut 
intercropping in Sl'i Lanka 

No.8:	 D.V. Johnson and P.K.It. Nair. 
Perennial crop-based agroforestry systems in Northeast Urazil. 

Copies of these pdpers are attached as Annexes 13-17. 

4.6	 Othel" Outputs 

1.	 P.K. Nair and E. fel"l1andez gave two lectures Idth slide 

preparations on global overview of agroforestry systems and other 

aspects of AF systems inventol'y 

to the participants of the USAID projects Energy Initiatives 

for Africa, Nairobi; 16 April - 25 ~~y; 

to the second TCHAF/l1SAID tl'aining course, Nairobi; 4-23 June. 

2.	 A set of 20 colour transparencies of prominent and promising AI' 

Systems arotmd the world was prepared with appropriate short 

descriptions. and distributed to the participants to the second 

ICHAF/USAID training course, Nairobi. 

3.	 The following paper by Nair, prepared by invitation, contains 

some I"esults of the AI' Systems inventory 

P.K.H. Nair 1984. Tropical agl'oforestry systems and pl'actices. 

Chaptel" 14 II! FlIl'tado, J. I. and Huddle, K. (Eds). Tl'opica 1 

Hesource Ecology and Development. John Wiley, Chichester, England. 

(Copy	 of the paper is attached as Annex 18) 

4.	 The two systems ovel'Vie\~ and description T"bles contained in 

the above paper were distributed to the participants to the second 

ICRAF/l1SAIn training course, Nairobi, .June 1984, as basic reSOUl'ce 

documents. 

5.	 E. f~rnandez gave an account of the Chagga home gardens of 

Mt. Kilimanjaro, N. Tanzania in an interview for unc World 

Service programme "The Fanning \vorld". The text is attached as 

Annex 19. 
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4.7 Hajor Items of 'york Planned fOl' Next Quarter 

Data collection from thc pacific Region; 

Continuation of data evaluation as indicated above; 

Preparation of more system descriptions. 



5. FINANCIAL STATEMENT
 



-- ----- -- -----

INTERNATIONAL COUNCIL FOR RESEARCH 
IN AGROFORESTRY, 

P.O. BOX 30677, 
NAIROBI, KENYA 

APPROVED BUDGET LINE ITEM 

Salaries1­

2.	 Consultants
 
Travel & Transportation
3. 

4.	 Equip. Materials & supplies
 
.P:;':'"th:i.pa.l1t training.
5. 

6.	 Overhead 

7.	 Evaluation 

Total 

AMOUNT 
1 

US$ 

444,525 
104,000 

103,500 
107,240 

63,400 
162,335 

15,000 

1,000,000
 

PROJECT FINANCIAL IMPLEMENTATION REPORT 

PROJECT: 936-5545 
COOPERATIVE AGREEMENT NO. DAN-5545-A-00-2076-00 
AS	 'OF . 

S B U R S E M E N T S 
4 

This 
Period 

I 

54,955 

16,536 

3,265 
6,572 

31,180 

-

BUDGETED D I 
2 3
 

KSHS
 Prior 
Cumulative 

313,950-
78,777
 

-

-

45,120 
64,597-
24,850 

104,559 
-

22,497 
- 12,568 

5 
Cumulative 
Thro' 

368,905 

95,313 

48,385 
71,169 
56,030 

127,056 
12,568 

- 644,421 135,005 J 779,426
 

(US$) .. 

6 

Estimate 
Next 90 
days 

14,250 

10,000 

5,000 
5,000 

-
6,850 

-
41,100 

~===============~=======================,=========~=============b======== 

Estimated disbursements thru (columns 5&6) 1984 $ 820,526
 

Less cash advances l":::!ceived thru/disbursments to/ $ 724,801
 

Cash advance/requested	 $ 95,325 

I certify that records and supporting payment documentd, ego commercial invoices, rece~v~ng reports, inven­
tory and p~operty records areon file at ICRAF review by
US Government representatives upon reques~ Headguarte::g::::::~i)~~for 

Name: K~rugor Gatamah 
Title: Secretary/Treasurer 

Date: July, 17 1984 



SIeMet4,_ 103. PUBLIC VOUCHER FOR PURCHASES AND 
VOUCHII NO. 

........ Je-, '''0 
00"'-'" ... T_My SERVICES OTHER THAN PERSONAL::!~ .·2000I II.. 

u.~. DI'AII/IoIIIIT. lUUAU. 01 CSTAW$HMINT I.NO IO(AIION DAII v~u ,.,'AIIO SCHEDULE NO. 
17t July, 1984 

Regional Financial Management CONTIACT IIUMIII AND DATI PAIDIY 

Centre for International DAN-5545-A-00-2076-00 
Development, IlUUISlllOH NU/IoIIII AND DAH 

P.O Rny ':IO?';1 NATRORT Sept. 14 1982 arid amend 
No. T oTa ~an. 1l;J~3' 

r International Council for Research in I 
'AYfI'S Agroforestry, 
NAMe P.O. Box 30677 , DAlE IHVOICE IECEIVED 
AND NAIROBI.ADOIIIJ 

DISCOUNI TUAlS 

L ..J 
,,,YlE'S ACCOUIlT IlUIoIIU 

SHlPPfO '10/101 TO WOOHT GOVUNMENT III NUIolIU 
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A SYSTEHS API'HOACII TO AGHOFOHESTI1Y DI AG:-;OSIS AND DESIGN: 
ICHAF I S EXPEHIENCE liITII A~ INTEHDISCII'LINAHY HETIIODOLOGY 

SUH~IAHY 

Agroforcstry is an ancient system of land managemcnt, but a new field 
of organi=ed sclentific activity. Recently ariscn tll fill the gap in 
applicd scicnce created by thc time honoured but artificial 
sepal'ation of agl'iculturc, forcstl'y and allied disciplines, agl'oforestry 
is an inherently interdisciplinary field. Although agroforestry 
reseal'ch by mul ti disci plina I'Y teams is the ord er of the day, the high 
degree of int('I'disciplinary synthesis Idlich is needed to reali=e the 
full potential of agroforestry is not an easy goal to achieve. To 
complcte the emel'ging pal'adigm for agrofol'cstry I'{'scarch and 
dcvclopment, a numbcI' of intcrdisciplinary methodologies ,u'c necdcd. 

To anSHer part of this nced, the multidisciplinar'y staff of the 
Intcrnational Council for Research in Agroforcstry (ICHAF) have been 
working sincc 1981 to dcvelop ,I mcthodology for agroforestry Diagnosis 
and Design (D&D), as an aid to the identification of research and 
devclopment pl'iol'ities and as a basis fOl' a coordinated intcl'disciplinary 
approach to project plannln~ and implementation. Uased on more than twenty 
tcst applications with international collaborators in a Hide rangc 
of 1'ites around the I,odd, ICRAF has published tl,O draft )),'''1 iilethodology 
man'Jals and a numbel' of casc studics for widcr rcvicI; and commcnt. 

This paper p,'csl'nts an introduction to the evolving ))&D methodology 
and discusses key features of thc interdisciplinary systcms approach 
on which it is based. Ueginning with a review of the requirements 
which nmst be satisfied by illlY methodology which seeks to cataly=e an 
interdisciplinal'y approach r_' the improvcment llf land management 
systems, the paper goes on r' ,~xplain the general conceptlhll and 
proccdural framework of the , rl methodology, and concludcs 1;1 th an 
ovcrview of ICHAF's exped.:':; in dcveloping and disseminating this 
interdisciplinary approach. 



A SYSTENS APPHOAr-II TO ,\GHOFOHESmY IlIAG:\OSIS ANI1 IlJ:SIGN:
 
ICHAF'S EXI'EHIE:\CE h'ITII AN INTEI\IlISCII'Ll.'\,\HY ~IETII0I10LOGY
 

1. AGROFOImSTHY AS AN INIIEHENTLY HITEIWISCIPLfNARY FIELI1 

1.1 Agroforestl'~' I1efined 

It j s customal'y to begin a paper on a ne" subjC'ct area "i th it definition 
of th.~ field. ,\s much as onl' h'ould like to offcl' a univcl'sally accepteci 
defini tion of agl'ofol'estl·y. alas, it must be acknoldectged that there 
arc almost as I:Jany definitions of agrofon~stry as thel'e an' pcople "ho 
den] Idth the subject (Edi tors, Ilgroforc::tl'!I Sy:;/.CI,i::, 198;:). This 
divel'sity of d,'l>point is in part duc to the intcrdisciplinary natlll'e 
of the fi dd and, in fact, the hi stl)ry of a tteml'ts to dl~t'i ne 
agroforestl'Y r('\,(';11s something of the disciplin<lI'Y fOI"CeS at "ork in 
the development of the field. 

'l'he first l>'iddy "cknOl,] edg,'d attempt to outli ne the scope of the
 
subject defined agl'oforeS'LI'y as:
 

..• a sustainable management syst('m for ]anel that
 
increases overall pl·oductil'n. combinc:s i1gl'iculture
 
crops, trec crops and forest pl~nts and/or
 
animals simultaneously or sequentially, and applies
 
management practices that are compatible "jth the
 
cultural pa\.~erns of the local population
 
(Bene et aL., 1977).
 

This definition gives explici t recognj tion to tlie variety of biological 
components which may be combined in agroforestry sy:;tcnls ilnd 
implicitly acknC'\;lc:l;;es the various h istol"icul rocts of tite:- agroforcstry 
tradition in agronomy, tree ':1'OP horticllltul'l', forestry ilod livcstock 
scic;nr.cs. By explicitly ('iting "sustainability" and o'("ultural 
compatibility" as cl"itel"ia of agroforestry, this ri!r]y definition 
also gh'es testirlony to the formative role in agr"f"restry of two 
other disciplinary traditions: environmental/conservation itnd 
social science/rural development disciplines. 

It is a nor:r;ative definitioil, ',,'llich states not 1TI':I"cly Hhat agroforestry 
is but whut it Dhmdd DC, Le. a :lund rr.:magement systcm that is, by 
definition, pro')'/{c~ivc, sliDtain::blc ,md cliUurcdLu appropl'iote. 
Pl'oble:r.s have arLcn SlIbSI'C]II"lltly in m;dntainin1~ a ]itel'al intel"pretation 
of this ('ady nClrmi,ti\'~ dd'initioc1. Stl'ietJy sl'caking, there is little 
justification for assllmil:g thill: all land manil~I'I,,~nt systems \d1ich 
qualify as "agrClforestl'y" fl':>m :he :;t;lndpoint of the comhi.nation of 
biological componcnts (trees Idth herbaceous CI'0I'S and/or i1n';'rr.als) I,'ould 
aut;oma.ticaUy fulfill the ;,bo\'c mcntioned normal'h'e criteria. Poorly 
designed agl'oforestry systcn,s, in fact, milY fail on one or even il11 of 
these counts. 

As scientific ar;t'oforestry emcI'g~s [1'01,1 the ",tl:,ll'C'::ess ,tnd l'l1thusiaslll" 
stilge ilnd begins to s~tt1(' dO ..'1 tc sl'riclls ',;ol'i(, the t~'lld,'ncy has been 
to l'ctain these cl'i tcri:, ilS attl'ib:li(.';· of goo::i c::"'ofu)'edl'!! design 
while noUn!'" h,)\,,'vcr, th:lt tiley Ii'llst hc achieved by tIll' dc\'elopel's 
of i1t;rOfol'cSU'y systems l'at"C'1' th.ll1 1;:l'rc1y wJ(,~";i,?ci t" <Iny system 1,'l1)ch 
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happens to meet the minimal definition of agroforestry. A more
 
neutral and widely acceptable definition has been advanced I~hich
 

conceives of agroforestry as:
 

an approach to l.'.nd usc in I,hich woody plants arc 
delibcl'ately combincd on the SillllC land milnagemC'nt 
uni t wi th herbaceous crops and/ol' animals, either in 
some form of spatial arrilngelllent 01' in sequence. The 
concept of all agrofol'cstry syst.em implies loth 
ecological and economic intel'actions among the 
components of the system (after Lundgren, 1982). 

The elevation of agl'oforestl'y to a field of study in its own right is 
based on the recognition of the need fOl' an intcgl'atr?d approach to 
land usc alld the obsel'vation that. many existing 01' yet to be developed 
land usc systems a 11 have, in thei I' pa I'ti cular combination of 
components, a common denominator that is I\'orth explodng and 
developing in a mOl'e systemati.c and scientific manner; Ilamely, the 
deliberate usc of the speciill productive and protective features of 
woody pI an ts to increase, sus tain ..ll1d d i vel'sify the total output 
from the land (Lundgren and Raintree, 1983). 

1. 2 Nultidiscipl i nari ty ilnd Tnterdisci pU nad ty in A!!;roforC'stry 

A certain minimal degree of multidisciplinadt:, is virtually assured 
in agroforestry by the very nature and complexlty of the subject, 
but the degree of ill tel'di scipl i nal'y thinking that is' needed to 
develop the full I'l'omise of the approach is not often easily acheivl:d. 
In a fi eld of app:! j ,~d sciC'nce chal'acteri :ed by the study of interactions 
which cut across the traditional lines of disciplinary speciali:ativn 
it is not enough to understand each compoll~nt in isolation. Nor is 
it sufficient, or even necessary, for purposes of good research to 
catalogue and study all conceivable interactions in detail -- an 
impossible objective in any event. II'hat is needed for agroforestry 
to progress as an applied science is an intel'disci plinary research 
paradigm which is capable of identifying crucial research priorities, 
based on a struetul'ed but fl exible and cost-effective methodology 
for ullderstandin.g t.hose cl':'/;ica~ inter'(''!tions whi ch determine the 
abilit)' of land management s)'stems to ac.hieve the purposes for which 
the)' arc designed. 

The nced for this type of an approach to the organi:ation of 
agrofol'cstry resC':It'ch is clcal'l)' statcd in the charter of the International 
Council for Rescal'ch in AI'-ofol'estry (lCHAF) and the m{'ans for 
addressing it havc becn c.·fully built into the Council's institutional 
strategy (Stepp1el', 1981; Steppler and Rnintree, 1983; Lundgren and 
Raintl'ee, 198~) and its progl'amme of 1I'0rk (!l'RAF, 198:;c). Other 
institutions and individu;:ls active in agroforcstry arc coming to 
simi lar eonclus i OilS. but evel'yolle faces the same general constraints 
('Il the ilc.hicvemcnt of a eohcrC'nt interdisciplinary i1/1proach: 
di[JC1:p~il:ar'Y lJiW:CD in the tTilinin~ ,)f l'esearchcI's, institut.ionaL 
consl.1'Cdll/.3 on the conduct 01 agrofol'('stry research, corrJ71unication 
pi'ob 1r.'1/;: betl>eell /IIl'/IIbe rs of !"<ul tid j sc j r] ina 1')' res e<l rch teams, and 
lack of QPPl"0pl,iaic ill~e1"Hsciplillorli 17;cihodo1ogies. 



3
 

To elabol'il te bri efly on these constl'a ints, the t I'ad i tional discip Lillal'!J
 
biases in the trainin~ of I'esearcllers has created a situation of acute
 
shortage of \,cll-roulll!ed scientific manpo\\er for broadly based
 
approaches to agl'ofol'cstl'y I'esearch. Although educath)nal pl'ogl'ammes
 
arc begi nn ing to be developed to broadln the in terd i sc i pli na I'y t ra in ing
 
of agrofol'estry l'escaITI\(;I's (ICIUF, 1983), in the short and medium
 
term most. of the scientific and technical manpo\\'el' available fOl'
 
agroforestry reSeal'dl and development \>'ill have been trained along
 
traditional disciplinary lines, Even in the longer term it is likely
 
that agroforestry \\'ol'kl'rs l>'ill still nced, in addition to their
 
interdisciplinal'y training, a stl'ong foundation in at least one of the
 
majol' tl'aditional disciplines. Discipline gl'ounded "ilgl'oforestry
 
general ists" may in t.i 1111.' emen:e fl'om educational insti tutions, but the
 
m:tin stl'ategy fOl' ml'eting the scientific manpo\\'er requirements of
 
agr:)forestry for the forseeabl I.' futuI'c will most likely be based on the
 
fielding of IJdL-l'OImded muLtidiscipUllal'!J teams, coordinated by
 
intenlisc iplinary-mi ncled team 1eadel's. This trend is evident today
 
in the r.Jul tidisdplinal'y team approach which is t.('coming it standard
 
feature of agrofol'estl'y project pLll1ning.
 

The ability to field such teams, however, is currently hampered by 
severe hlfJt itutiollrl L COllntraillts. In Lovernmen t i nsti tutions and 
universities, departments dealing with different aspects of land usc 
arc often separated by rigid institutional boundaries, often 
accentuated by fierc~ competition for scarce resources. Agroforestry 
as such typically has no single institutional base and the recruitment 
of an adequilte multidisciplinary team must often depend upon fragile 
ad !loc an'ilngements fOl' inter-institutional cooperation. II'hile long 
term itl'l'ilngements for institutionali::ing agrofol'estry on a mOl'e per'r.Jilnent 
basis wHI have to be made (Stepplel', 1981; Lundgren and Rain tree, 1983; 
Catterson, 1032). the best hope for the short and medium term may be in 
the form of rl'c jccts of prescribed duration, (:ach with its own 
agroforestr'y-odented budget and programme of work (Torres, 1983). 

Even when these problems can be overcome and a secure frame\\'''rk 
established for a multidisciplinary team approach to agroforestry 
researcll and development, once the team is in the field enormous 
corrmullicQtion pr'obLema set in \\hich, if not solved, will prevent the 
team from making the transition from mere rrndtidi3cip'iillQry to 
genu1'IJC illt:Cl'discip 'i1:IlQr~ty in its approach. "'ith a few rare exceptions 
perhaps, anyone \"ho has ever sa t down "ith it mul tidisci plinary group 
of sclcntists to thrash out a C0:amon interdisciplinary pel'spective will 
be fam iJ i il J' with the frus tra tions of trying to resolve the traditional 
differcnces of interest or pel'spcctive which arc inherent in such 
groups. The problems are both cl'gnitive and f1i,-'tivational in nature, but 
one has the feeling that the latter may be of overriding importance. 
Perhaps the best antidote to the pointless ilnd often poisonous debates 
",hich adse in such contexts is to shift the whole activity out of the 
academy and into a I'eal life field situation. Only when confrollted by 
real and complex problems in urgent need of solution will indiviJual 
team n!l'ml.'C'rs be abl e to cross the mo!;iva!,io'w.L tJ;resJlOld which 
prevents ~I\cm from submerging relatively minor disciplinary differences 
in fcl\'CUI' of productive teamlwrk on the really major' interdisciplinary 
pl'obll'lII:; and opportunities with which the field situation confronts them. 
There is notIIiI1!! like a healthy J"sc of undiluted reality in the field to 
genera te a complet Ply ne\o,' and refl'c:;hi ng set of problem-oriented priod tics. 
Vel')' often tills is the onLy feasible Iva)' of integrating the human 
dimension into agl'ofol'estry /'esl'ilrl'h. 
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If thi s transibon is successfully made, there may be no turni nl,'; b,lck. 
Scientists involved in this problem-solving or ~mission-oriented" type 
of work often express a deeper sense of personal satisfaction with their 
work. Heal pl'oblenls arc hc.rdeY', not easier to solve than those 
derived from a plll'ely theol'etical 01' disciplinary orientation. 
Horeover, the inspil'ation afforded by the field situation for substantive 
theoretical or ~PIIl'C science~ contl'ibutions can be qui te signi ficant. 
Although the CUI'I'ellt emphasis on the intl'rdisciplinal'y team approach 
in appll cd land mdn<i !',emen t sci I~nce can be seen as pa l't of th,~ la l'ger 
society's strategy for coping with unpr'ccedl'ntcd humiln c"'lilenges 
(I.e. notUng less will suffice ,lt this haUl' in human histury), the
 
high level of pel'sonal sti mul a t1 on inlll'I'l~nt in interdiscipl inary wOl'k
 
can itself provide sufficient psychological impetuous to keep the
 
process going, once the threshl)ld hilS lwen crossed.
 

All this is I~ell and good, but expel'ience indicates that cataZYlJts 
are needed to assist multidisdplinary tl'ams to cross the threshold 
of interdisciplinary activity. The field situatior. itself is one 
such	 catalyst, good Idll ilnd a shared problem-solving motivation arc 
also	 needed, but in the end Ii ttle progl'css lVill be made unless the 
team	 can arrive at a shared and detailed blueprint of how to proceed 
in Its investigation of the land m,lllilgcml'nt system at. hand. This is 
where the need fOl' an interdisciplinary Il/ethodoZoOY cOllies into the 
picture. A good mcthodology Ciln bring the other catalysts into 
operation. IVithout ~'uch a methodology. no amount of good 1,111 and 
motivati(ln Id.ll ("lilble a multidiciplinary team to achieve a coherent 
interdisciplinary approach to thc solution of complex land management 
problems. 

The remainder of tllis paper is devoted to a discussion of one such 
methodology, the Diagnosis and Design (D~~) approach developed 
by ICHAF in collaboration l>'1th agroforcstry 1,'erkel"S around the 
world as a tool fOl' agroforestl')' research and development projects. 

2.	 AGROFORESTHY IJ],\G:\OSIS A:\D DESIGN: AN Ir\TERDISCII'LINARY 
SYSTDIS APP[W:\CH 

2.1	 The State of the Art 

How do you identi fy ;1rlorities and organi:::e applied research in a field 
which has no reseal'Ch tl'adition? Holl' do you insure a conscientious 
reseal'ch-for-devplopllient od e-ntation in a nascent subject like 
agroforestl'y whirh poses so milny fascinating and unansll'ered questions of 
a purely acad cmi c na tu I'e? 11,,\\' do you ,I\'old di sciplina ry or pet 
technology biascs Idlcn designing agrofol'estry systems for rural 
developmcn t? liha tis the mos t eff.i ci en t ami logical sequence of steps 
to fol Iall' in analy:::ing exist in~ land usc situations to identify the 
real needs ,lIJd pOll'lltials for agl'oforestry? 

These are somc (If the quest ions faced by Tl~HAF' s mul tidiscil'linary 
staff in tl'ying lo develop a lJIetlJ0do.1or!y for agrofl'l"estry Diagnosis 
and Desi g:l (/1~:J) ,IS ,'n aid to the fOl'mulaUon and implementation of 
relevilnt and cost··('ffec ':i\'o rc~;earch ilnd developllle-llt programmes in 
agroforcstl'y. 11'<,1'1, to ae\'e-h'!, such a mcthodolo!;y h'ilS initiated at ICRAF 
in 19(:;1. ~ow, afll'l" trial ilpplici!tic'n.<; in o\'er tl'lCl1ty sites in Kenya 
and e'[sell'here arNllhi the I,'odd ((hough IGI:AF's Collaborative and 
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Spccial Pl'ojects Programmc) l the lIIC'thodology has becn tested and adapted 
to n wid e rangc of en\'1 ronmenta] and socioeconomi c ci I'Clllns tanccs and 
bl'ought to a pl'cl iminilry stage of completion in tl;O (it'aft manuals 
(lCHAF, 19S.'1a, 1983h) I"'dch al'c cUlTcntly being rirculiltcd for I'cvicw 
and commcnt: hefol'c bring rcviscd fOl' 'oddcr distribution and testin!;. 
Thc object of thi s open-ended 11l'OCCSS is to continue to develop and 
I'efine thc methodolog,y on thc basis of trial and uscI' feedback 
until it l'C'ilches its potcntial as a genuinely uscful and pl'actical 
tool fOl' agl'ofol'estl'y r,>sC'archcr:, and dcvelopment l;orkers in thc ficld. 

Examples of pI'act.ical fil'ld applications of the mcthodology arc givcn 
in a compll'llientill'y sel'ies ,)n Ca:;e Stwlies in Agr'oforcstry lJia(J11osis and 
lJea£({Il, puhlished \;it'hin ICHAF's \\ol'king I'apel' series in order to 
facilitate r'ill'id dissemination of f){.,1) results fl'om al'ound thc I,'orld 
(sec fOl' example Haintrce, L9S:;a: T,)!'l'CS illld Itdntl'C'e L9~4: 

1I0ckstra, :I 9S,j; Hochel ('<IU <lnd I'an den 1I0ek, IljS,j). The serics also 
pl'ovidcs 0Pl'0l'tunities for publication of sdected case stLIdics 
rcsulting fn)m application of the methodology by I'esearchers outside 
of ICHAF. 

To facilitate access to and comparison of f)tel) I'estilts from it I~ide rangc 
of sitcs, a computel'i::ed data bank of global DtD information is being 
set up at 1CHAF offices in ~a i I'obi • from ti me to time l analyses and 
book length collee tions of ca se study ma tel'ials I'cla ting to particular 
cnvironmental or probJerr.-ol'iented themes liill be published. Over time, 
hopefully, the analysis of cas~ study information will assist in the 
dcvelopment of agrofon:stry in a lVi~Y I,hich is 'tllalogous to the rolc played 
by case stuclies in the development of medical scicnce. 

Thc variolls outputs from the Diagnosis and Dcsign Projcct at leRAF 
represent one aspect of a coordinatcd effort to develop a full rangc 
of useful methodological tools and information banks to service the 
nceds of the globaJ. cOllllnunity of agroforcstry liorkers (scc lCHAF 1983c 
for infol'lnation on other dcvclopments). 

2.2 RequiremC'nts for an Interdisciplinary Hethodolo£!y: Ends and Heans 

Thc considel'ations evoked in the fil'st section of this paper touch on 
fundamental aspects of thc "chal'ter" of intcl'disciplinary teams, but 
what specifically could h'C expect of an interdisciplinary mcthodology 
for agrof0rcs tTy? h'lw t specifi c clld:; should it address, and wha t T.~eans 

might it U:;C' to ach'ie'le thC'sc ~nds? Thesc questions from part of thc 
cssentLd biil'kground 1.0 the D..'eD lIlethodology. Indecd, the liol'king out 
of aprl'ordate m"an:;-l'nds link<lges is the fundamental core of any 
IIIC'thodo10gy d,>\'eloplllC'u t process. Before pl'ocecd i ng to more dctailcd 
IIIcthodolof,ical considcl'ations, it may be useful to first indicate thc 
general requirelllents I,hich the n..'dl methodology attempts to meet. For 
the sakc of hl'C'vi ty t.he various requirements arc listed undel' only four 
majol' he;lll i n;"s. An in 1: erd iscipli na ry methodology for agrofor'estry should: 

1.	 PI'OV i <ll' a neutral, compl'C'hens i ve and generally acceptable ovcrall 
fr;llIll'\wl'I< for collabol'ation heth'l'en all disciplines relevant to thc 
identification ;Iml implementation of applied I'escarch tc devclop 
agrofo/'cst I'y' S poteutial as iI source of appropriatc technology for 
impl'o\'cd land nriinagelliellt systems. 

1;'
IV 
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2.	 Institut ionali::e an ('Hec ti \'C a ppl led focus in technology­

generating I'l'scal'ch by providing mechanisms fOl' feedback and
 
eool'dination bcll\'cl'n I'i~OI'OUS on-station experimentation and
 
pal't icipa tory on-s it e I'csearch and tcs ti ng wi th the in tended
 
users of technological innovations.
 

3.	 Pl'ovide 11I'actical proccdures fOI' timely and cost-effective
 
inputs to the idcntification, planning and implementation of
 
intel'disciplinal'Y rcsearch and deveLopmcnt pl'ojects.
 

4.	 Suggcst ,,rays of completing the research-for-development cycle
 
by folloldng thl'ough Idth adequate extension followup and continued
 
adaptive rescal'ch Idthin the ('ecommendation domain for new or
 
improved technology.
 

Hany othel' criteria could be listed but most of thesl~, I would submit,
 
are all'cady i mpli ci tin the a bove short lis t of major objec ti ves, 01'
 

are expliciLl) elabol'i1tl'd in the specific methodological stl'ategies
 
and tactic's Ilhich have been dev,~lopcd as mcans for _achiedng the
 
identificd ends (ICHAF, 1983a, 1983b; Haintree, 1l)·~3b). For example,
 
leaming from farmers, technology evaluation by adoption, and ability
 
to assess the technologi,~al needs and opportuni tics of resource-pool'
 
farmers arc all key clements of the neh' research-for-rll'ill-dC'velopmC'nt
 
paradigm (Chamlwrs, 19S3) and cd tical clements of any adequate
 
mcthodolof',)' fOI" applied agroforestry, h'hich arc given priority and dealt
 
with in sOllie depth at various stages of the 11.''') pl'ocess. In this brief
 
introduct ion to the I1t<.1J mC'thodology most of th·~ cl'ucial methodological
 
detail must rC'main illlplicit. }forc detail is provided in the draft
 
manuals (J CHAF, 1983<1, 19S3b), but evcn thel'e the emphasis has been on
 
describing how to implement the objectives of apr1iC'd research-for­

developlllent in the case of agroforestry, rather than that these objectives
 
should be addressed.
 

In partinl fulfillment of thc first of the criteria listed abov~, the 
emphasis in the D&D methodology on providing a basis for appropriate 
technology-generating and testing research is a direct consequence of the 
mission-od ented, impact-maximizing strategy "'hieh must be adopted if 
interdisciplinary activities arc to have the kind of material effect 
on the land management scene I,'hich is expected of agroforestry 
(Haintl'l'e, II)SJb), People are not fed, housed, kept warm 01' provided with 
the means to cook their food and satisfy other basic needs by 
journal art i c les or successful scienti fic careers. II'hile technology 
is not the solution to every rural developm~nt or conservation 
problem, Hi thout technology thel"e can be no lasting solutions; moreover, 
impropeJ'1y conceived lechnologies may ~enerate more problems than they 
solve. To be fruitful, research on improvement of land management systems 
must result in the concretc technicaL mcana by which people milY be 
enabled to take grC'ater cO:ltrol Clf their destiny and satisfy their 
pdmal'y productiCln ohjectives. The ultimate pl'actical aim of the D&D 
methodol0~y is to ~et agroforcstry out of the lecture halls, off the 
dl'ilHing boards and into the landscape of l'ul'al development. Hence, the 
IJ&D emph;ls is on gener,l ti C'n of appropria te component technologies and 
land managclIlent systems. 

Il'ith I'egill'd to the first and second criteria, it is crucial, fOl' an 
impact-maximizing appl'oach, to achieve a p:ooper balance between systems 
l'eaCal'c lz on the CIne hand and component l'cs('Q)'ch on the other. It is at the 
tccJmoLouy intel'[acc that these th'O types of I'eseal'ch come together. 
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We will return to thi s point shol'tly, but. fl)I' t.he moment. let it be
 
said that the failul'c of institut.ions to achicye a smooth !'llllnin~
 

integration of these tlW types of research may be the sine;le most
 
important reason fOl' the I'e]ativc]y 101, yj('lo of society's in\'estment
 
in rural development through appl i l'O land mana~l'ment n'search.
 

Let us examine a familial' case in point. The ilol'ption over the pa~~t 

decade of a Fanning Systems Hl'seitn~h (FSH) dl'l'roach (Collinson, ]')81; 
Hildebrand, 19S1j :;Instl'a et; a/, •. !ll51: Shillll'I', d aL, lC)S:!) 
by many international and nationilL a!:riclI"ltllr,11. resc;lrch institutions 
may be seen as p;1I't of society's effort to ilnpl'O\'e the !'etul'n l'n its 
investmC'nt in appl j C';I agl'lcul turaL resC'arch. Faced 1>'1 th mounting and 
interrelatC'd probl('ms of reSOUI'ce oegradat iOIl ano fail in~ productiC'll 
systC'ms throughout the devl'1opin~ 1"'1'10, international support for' the 
Farming Systcms appn';lch is pal't of the ~lobill society's response to 
a crisis situation. Tn esscnce, the intn:duction of FSI\ as part of 
the oyerall research strate!;y of tllC'se ipstitutions is iin attempt to 
bring abcut a propl'r oalance bl't"'l'en syst.ems l'eseal'c!J and componC'nt 
reseal'ch, the lack of ,,'hich ,,'as rCl'ogni::ed itS a constraint on the 
achievem-:nt of appli cd l'esearch and de\'elopillcllt goals. 

The attempt to correct existing irnoalances itnd broaderl the rC'search approach 
to focus more effectiyely on ncglccted itSl'ccts of farming systems has, 
in most cases, rcqui red the ildoi ti0n social scientists to existing 
multidisciplinal'Y !'esl'al'ch tealll,s. llnfol'tun,lte1y, the inevitablc 
insti tutional "gr,,'.d ng pa ins" i 11\',)} ved in thc adopti on of FSR lIIethodologies 
and the close association of social scicntists Ideh this institutional 
adjustment has in lIIany institutions tended to divert the debate on the 
pl'oper oal ance bet\{een systems and cOlllponent rese;u'ch into unprodnctive 
lines basC'd on a fal.ne dichoto'ny between soc i al scienti sts and 
biotechnical scientists. Ill' that as it may, the real issue in the 
I'arming Systerlls deba te is not bet\{een the soc1.ll vs. the biotechnical 
sciences, but bet\{een diccipLine-o~icntcd vs. syctemc-opiented 
scientists of any disciplinal'y bitck~rouml. In other I',ords, while the 
adoption of the FSI\ ilppl'oach does indeed involve a very necessary and 
productive debate on the overall balance of disciplines in applied 
scienti f i c reseal"Ch, the real issue is be1'I,'cen those appLied scientists 
who der'ivc theil' ,],(?ccQr'eh objectives and NlI,i;;j'actio/lr, f?'om 
disciplinary ir'aditions and incenhves Vf,. UIODe who get their' 
inspir'at;ion fr'om aticmpting to [;atisfy the tcclmoLogicaL needs of r'eaL 
wo?'Ld fO?'mI:ng system.':. 

Until the I"cal issue is taken up, the int.rinsic cOlIIl'lclllcntal"ity between 
systellls and component research in the techlwlogy !!.C'nerat.ion effort will 
not be percei ved, the interdisci pUnary threshold will not be crossed, 
and lIIultidisciplinal'Y teallls I~ill fail to aclJieve "tal<eoff" to sustained 
interdisciplinary intcractlon. Ultimil1'I"I.\', of COUI'se, the real losers 
will be the rural people tlH'lIIsdves, insoLlr as this lack of institutional 
cohel"enee retal'ds 1'h(' deyelopml'nt of adequ,ltl' Inl:enli ~;ciplinary 

approaches to the solution of the complex lano managl'll1l'nt probl"lIIs I~hich 

they are facing. 

As the histol')' of science tells us, obsolete I'ilr,lllif',ms ilre rarely ever 
conclusi\'cly "disl'roven," the)' an' mCI'ely aklnclonl'o in favou" of nel,'er 
and more adequate onC's (I\uhn, J<,l(l:!). ,\u'c)fol'estry, lacldnl!, an established 
research tr,lliitlon of its 01':11, is in a uniquc position to le,II'/1 frolll 
past C'xperien>:c and build <I morc adequitt" il1t,~rdisciplinary approach into 
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the very foundations of its emerging research paradigm. What is needed to 
avoid lmproductive impasses is a clear understanding of the conceptual 
basi.s for fruitful collabomtion between component researchel's and 
systems reseachers in the technology generation effort. 

a ) 

b) 

c ) 

T Inner EnvironmentOuter Environment E 
C 
II 

-7 N k--~lEANSENDS 0 
L 
0 
G (~13terials & Techniques)(L:lIld Use Sys tem) Y 

What is COHl'ONENTTEOlNOLOGY I.-SYSTENS What is 
possible RESEARCIIDESIG:; I'RESEARCII needed "/ 

Planning Stage S 
Y 

• Appraisal of existingN
 
problems & potentials
 

• Diagnosis of system 
technologyT 

II 
• Feasibility of newE• Specification of 

technology to meet technology needs S 
identified needs1 

S 

Implementation Stage R 
E 
S • Component screening• In situ trial and Yevaluation of the • Interaction andN

ap~ropriateness of management studiesT new and e~isting II • Data synthesis andtechnologies E establishment of 
S "design curves" 
I 
S 

Figure 1. Complementarity betwcen systeilis and component 
I'esearch Id th respect to a) the definition of a particular 
technology, b) specifications fOl' technology design, and 
c) inputs to the technology gencl'alion effort at project 
planning anJ implementation stil~es. The lefthand "systems" 
and ri ghthand "component" portions of this diagr'am correspond, 
respectively, to the upper and 101,el' circles of Figure 2 and, 
somclihat less preci sC'ly. to the lefthand "on-site" and 
righthal1ll "on-station" boxes of Figure 3. 
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The conccptual basis for the s)'lItlll'sis h,'hilld th,' 1l1~.11 met!1l'd,'l·)!!.y 
was laid somc ycars ago by lIerhert Silll"l1 (1981) in his lucid 
discussion of the nature ,)1' technical artifacts. The essC'ntial 
complemcntari ty betl,ccn systems resear"'l and component research is 
re\'ealed I.'hen \\c considel' I,!lat is nce,kd t" dl'fine any l'al'til~uli1I' 

tcchnology (Fi£!,UI'C' ]). Any piecc (d' technology in this scnse (or 
specific application of technolo!!,ical h1l11·;lcdge) can be seen as an 
illtel'/acc bellJeen 1".'0 CIW<')':'W!ielllD: an (nil-c)' CII1J1:"UI1'1121It \;hich defines 
the PUI'pose and functional 1'l'qU i.I'CllIl'lItS I,'hich the technology serves 
within the larg"r systcm (f01' Olll' puri'o~.c, the "land llIanag"nJl'nt system" 
of h'hich the tcchnology is a part) alld an 1:mlcY' elWil'OIlIT/('IlI. I\'hicil is 
defineu by the p;ll,ticulal' alTangellll'nt and mode of action of the 
consf:itul'nt elellll'nts (colllpon('nts) h) I,hich it sel'YCS its purpose (Le. 
the "nuts and bolts" of the tl'chnolll~~,\'). Both sets of spe-cifications 
arc necessill'y to complet"ly de-fine an.\' pilrticulill' piece of land 
managemcnt techno)llgy, one corr,'sponeling to the' infol'llIation pl'ovided by 
systcms rescal'ch (sy:,tC'llI l'l'quil'l''''ents illld functional specifications) 
and the othel' to t hit t I.'h i ch is pl'lW j d "~,I by COlliPOlk:lt research (component 
selection ilnd trIanagl'ment s!1l'cificatiolls). 

As a reseilrch llIanager at olle l,f the CGL\R centr('~; oncc put it, "You 
cannot have systems "ithout cornpolh'nts, but compollents \dthout systems 
arc meaningless" (XoI'es. pC'I'sonill COJilllllllli ca tion) . The methodological 
coroll,lI'y to Simon's interfacC' concl'pt is that, in the effort to 
generate appropl,jate land lIIanagement' tCChllll1o~y, the l'espective roles 
of Dystcr.,:; l'CSCW'r?;;c)'s (so,:"i<tl sclcntj.';ts, economists, land resource 
specialists, climatologists, cropping systems sl'C'dalists, etc.) and 
componcnt )'cSC(l)'C!;CI'S (forcs tel's, agl'onom is ts, hOl'ticul tUI'a]j s ts, 
livestock specialists, plant pathologLts, etc.) should be seen as 
entirely compZemcn!:m'!J and II:rduaEy ii/TPo)'tive. Jf eithel' input is 
neglected, the te-chnical specifications remain incomplete and the 
likcl i hood 0 f the tcchnology f indi ng il ni che in the in tended sys tern is 
cOrI'espondlngly ll'll'el'ed. \{jthout both [iets of specifications, the 
technology gencl'a tion eff01 t rema ins ,\ hit-or-rn iss affair. 

The schema tic conception r.i ven in Fi ~~ure 2 illus tra tes the role of 
dingnostic ilnd design activities in a I'esearch-for-development 
pl'ogramme bil sed on ilC t.i ve c()mpl emental' i ty bet"cC'n componen t tcchnology 
and systems res,';'I'ch. Fruitful conab0ration at the "technology 
assessment" intel facc might take thl' f(1)'m of thC' folloldng dialogue: 
Systems I'CSeal'c!ll'l' to cOlli/onent I'ese-ill'chel', "\Vhat have you got for System 
X?" Component r('SCill'chcl' ~.o systems rl'searChel', "h'hat do you need for 
System X?" ,\ lil'C'1y diSCUSSJO" I,'ould thcn e-nsue- on the specifications 
(extel'l1al "sys telfl" and intel'llal ICOlnIWII,'nt") 1'01' technology Il'Ilich "ould 
be appropriate and feasible in the context of Sy~;t:em X. In due course 
this 1,'ould lead to the dC's il~n of appropriate techn:llogy and the 
planning of rc~,c;II'ch to de\'l']of1 ;;!lel te:,t the idcntified tcchnology. 

Needless to say, it is ncithel' necessary nOI' lil(cly that individual 
scientists can be- neatly cl:l'isified ()IlCt' and for all lIndC'1' one of these 
tliO rcsC'archer catc!.;odcs, In pJ'ilcticl' indiyidllilL scicntists may 
contribute to both typcs of reseal'ch, In the 1illal analysis, the 
conceptual synthesis \l'1dc!1 j s IlI'CeS~,al'y to gCI1l'J'atc appl'opl'.iatc technology 
must take the form of a shiIJ','d C('II"tI'IKl: in the lilille of all concernC'd, 
but some diYisi"p of labolll' hetl,cclI Jlil'::lbel's of illI in'crdisc.iplinal'y 
team may be ilHokcd in the de\'clopl:l"ill' of tlds construct. 
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onSERVATION 
(tdal) 

nIAGNOSIS 
(redesign) (rediagnosis) 

DESIGN 

Figure 2. Schematic conception of a rescarch-fol'-d(welopment programme 
based on complementarity between on-site systems research involving the 
iterative ))&.0 proces~ and component technology research involving 
rigorous experimental lI'ork on-station mainly bllt also, fOl' some purposes, 
on-site. After the first )'olmd of the upper cycle (activities indicated 
in caps), the process is repeated as many times as needed to develop thc 
system (actidties indicated in pal'enthl~ses). lnte)'actj"n betll'cen the 
two cird es a t the "technolo!!y a sse,; sment" interface j s d es1 e;ned to 
insure that the tll'O mutually reinforcinl; typl'S of resedl'Ch activity 
move in concert tOll'ilrd the shar'ed g0al of dereloping the system through 
the generation and applicilti,1!1 of ill'l))'opriate technology. 



11 

If in pl'inciple thel'e arc no insuperable problems of intel'llisciplinal'y 
collabora tion bet",een I'csearchers opcra ti n~ '"i th i n the frame"'ol'!( of 
the complemental'ity concept, there ,1I'e nevertheless cCl'tain practical 
logistical con"tr'aints and I'equiremcnts. The main onc, I>'hich is 
implied the thir'd cd tcri('ln in our List of methodolo~ical requil'l~ments, 

is the limitation on time and pers('lnrw1 rcsourCl'S available for the 
type of survey 1>'('II'k \,hich is normally part ('If the discovery pl'('Icedurc 
needed to define t.he functional attribute's and other system specifications 
for technology appropl'iatl' to a given land management system. \{e may 
refel' to this as the "I'apid appraisal" ~onstraint, \,'hich has been the 
subject of consiJe'rable attention in recent years (Chambers, 1981; 
Longhurst, 1981; Pearce and Jones, 1(81). \{here reseal'ch planning is 
a resource l.imitcd activity and \,'hel'e opportunities to accul'ately 
determine the appropriate dil'ection for technology development arc pre­
empted by decisions taken in the press of time, systems researchers ",ho 
ignore the I'apid appraisal constraint do so at great pedl to the 
success of their role in providing adequate system specificatiolls for 
technology design. 

Experience would indicate that lengthy survey work is nei thel' necessary 
nor, in itself, sufficient to the information needs of the research 
planning phase of project development. The premium really is on adequate 
analysis of the system, rather than on any preconceived notion of the 
amount of survey \>'ork "'hi ch ought on principle to be undertaken. IVhere 
the target land nmnagement system is already fairly well documented, very 
little survey may be needed to fill in the gaps in the kno\>'ledgc required 
to derive appropri a tc technological specif ica tl0ns. Haximum use of 
availabl{' information C,lll be made, but even ",hel'e there is little or no 
baseline data, th,~ information requirements of D&:D can be rapidly met 
by steamlined survey procedures which involve senior members of the 
multidisciplinary R&D team directly in the collection of the essential 
informa tl on on ,,'hich they 1;111 ultima tely base their technology desi gns. 
Recalling \,ha t "'a s previousl)' said in section 1. 2 about the need to focus 
on critical intaactions, eGsential information may be defined as that 
which is needed to a) understand the critical means-ends linkages which 
govern the functioning of the target system (i.e. how Lhe existing 
system works, its objectives, resources and technical means), b) diagnose 
its inherent problems and constraints (i.e. how well the system works), 
and c) assess the potential of the system to accommodate and benefit 
from discrete technological interventions of various types (leading 
to the development of design specifications). 

The rapid appraisal approach to agroforestry Diagnosis and D0.sign 
pertains nminly to the initial D&D exercise which is undertaKen at the 
research planning stage to formulate an agrofores try Rt,D pro ject. 
Dut diagnosis and design is a continuing, iterative process which can be 
repeated throughout the life of a technology-generating project to 
progressively deepen the diagnosis, assess the impact of introduced 
technology, and refine the prototype design to fit better the needs and 
potentials of the system. Once the project is ('In the ground with 
coordinated research activities on-station and on-site with farmers 
representative of the target land management system, the rapid appraisal 
constraint is no longer operative but the principles of efficient diagnosis 
and desi gn con tinuc to be a pplied as part of the fire jec ts II internal 
guidance system" (the basic mechani~m in D&D for meeting the feedback 
requirements of criterion 2). Continuation of this same process into the 
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adaptive J'esearch activi til~S of the extension stage of the project 
cycle is pal't of the I1lcD appl'oach to sa tl sf)'ing the I'e'lllil'ements of 
criterion 4. 

The gcnC'rali:ed f]ol,chart givC'n in Figtll'e J illustrates the movemC'nt of 
infol'lnation betl"l'ell the \'ariolls reseal'ch and deyelopmC'llt activities in 
an R&D project ill~Orl'oratillg the D~D process, first as a basis for 
project formulatioll, thell later as a mCdllS of coordinitting feedback 
betl,'een on-going r(~sc;lI'ch activiUes (on-station and on-site) during 
the ndd"pl'o.icct JllIl'lclllentation stage, and finally as it means fOI' handli.ng 
feedback from a lrider rangc l,f adaptl\'C' resC'al'ch tri.als at the 
dissemination st,r!!,e. FiguI'e ,I elaborates on the val'1ous I'oles served 
by the ntl1 process at different stages in the life cycle of a I'esearch 
and deyelopnlcnt I'n,ject. The resulting pI'oress of ":eroi ng in" on an 
ol'ti nd :ed land 1II,In,lgement sy s t C1II or COIII1'011('nt technology I...hich the 
iterative lise of Il[dl procedures can facil i tate is illnstl'ated by Figure 5. 

I'P'EDnG!:O~TIC 
Df;SCRIPTlOlI -r 

GN-STA'lI01: 
RESEARCH 

-----' 

r 

0:1-511'[; 
RESJ'j·.:~Cil 

DII.ClWSI5 

___---+-:11'EC-11l101.<l(,'Y IlESICIl K------.----.--.., 
AND EVALUATlOIl 

Figlll'(''\. C('lI'II"~I:cnts of pl'('lject dC'si.~n incorp01'ating the 11[,D 
procC'ss ;:s 1'",I'l (If the pro,ketO,,; internal guidancc systc:n. 
N~tc rrcJbil~k linkages. 

, of,~ 
,I /','-

J 
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.l.t-PJOJ£CT ~D KID-UOJECT 0&0 EXTtHSION OCD 

OBSUVATION TRIAL OBSIJlVATION TlIAL 

Figure 4. Hepetition of the basic Mil process in different forms for 
different purposes ut successive stages in the life of a technology 
generation and dissemination project. 

OBSERVATION 

All 
OPTIMIZED 
IJESlGII 

Figure 5. Beginning Idth 11n initial "be!.t bet" design for a gl}nel,~ny 

appropriate technolo~y, the i tel'U ti \'C n~<!) process leads, thl'ough a 
sed es of trial -ilno-e ITor-I'Nit/(' i.1I!! s tl'pS, tOl"ill'd thl' ~lJill of a 
specificaUy apPr'opr'1:aie tl'chnology for the target land USl' system. 

'I \ 
') 
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2.3 Key Conceptual and Procccltl!'<ll Elem(!nts of the D&D Hethodology 

The foregoing discussion of methodological requirements ilnd the general 
means by whiclt the D&O methodology attempts to anSh~r them has brought 
out some of the main principles of the approach. For purpos(!s of this 
brief introduction to the methodology it still remains to give slightly 
more specificity to key clements in the conceptual and procedural 
framework of D&D applications. 

Definition of "the System" for D&D Purposes 

Given the concept of agroforcstry as an approach to the improverr.ent 
of land management systems, one of the prerequisites for successful 
application of the D&D methodology is a clear idea of what is meant 
by a "land management system." The concept adopted by the D&D 
methodology is based on the notion of a concrete, self-organi::ing 
"living system" as developed in General Systems Theory and widely 
applied in the biological and social sciences. This conception emphasi::es 
analysis of the interactions among concrete system elements governed 
by the organi:ed flow of matter, energy and information. It is 
distinguished from the alternath'e concept of "abstract systems" which 
deals with system variables at a more abstracted or ideali::ed level of 
analysis (e.g. systems of causal relationships between components or 
states of concrete systems). Both types of systems analysis figure 
prominently in the D&D methodology, but the definition of "the system" 
for D&D purposes is based on the concrete systems approach. 

Figure 6 illustrates the concept of the "land management system" which 
underlines the DG:D approach. As shown in the illustration, the land 
management system, represented by the central pyramid, is part of the 
larger Man-Environment complex or "human ecosystem," represented by the 
square. At the top of the pyramid is Han, the manager, whose organizing 
influence (advertant or inadvertant) is felt throughout the human 
ecosystem but most clearly and directly expressed through the land 
management system. The base of the pyramid consist of tho~e aspects of 
the Environment I,hlch are directly manipulated by Nan to achieve his 
production objectives. The critical intervening variable in this 
interaction is the set of existing technical means by which the r~source 

base is exploited to satisfy a given set of human purposes. In the 
functioning of the land management or production System, management flows 
dOlm from ~fan (a movement of organi::ing information and energy) anel 
production flows up from the resource base to Man (a movement of informed 
matter and energy). 

The central point of this rather generali::ed dynamic model is that if 
any of the three: main clements (human pUI'pose, technology, resource 
base) '"ere ilbsl'nt, the system \\'ould not fUllction. The methodological 
cOI'ollal'y is tha': if any of the three essential elements arc ignored, 
it will be impossi ble to under'stand how the system functions. 
\{ithollt such tlndel'standing, the effort to generate appr'opri.Olte technology 
for the system will remain a hit-or-miss affair. Of course, it is not 
necessary to understand cver'ythinJ about the system in ol'der to meet 
the infl'rm,ltion needs of 1:'00d agroforcstry design. Il'lJat the model attempts 
to convey is a general notion of the kind of information thilt is 
essential for D&O purposes, i.e. an adequate knowled~c qf the means-ends 
linkai;es by lihi.::h the Land manOl!;ement system is or'~ani:.ed to lise 
aVOli lab!.c tl'LIJJl"ll'~Y to exploi t the J'l'SOUI'ce base to satisfy human 
purposes. 

. \ / 
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Figure 6. Concept of "the system" for D&D purposes.
 
\I'i thin thC' "human ecosystem" represented by the square,
 
the "land mana,gement system" \~hich is the focal point of
 
Dt.n activities is represC'nted by the p~Tamid,
 

illustrating the functional linkage of human purpose,
 
technology ilnd resources. ,\n inc0mpletc undel'standing
 
of the systC'm results if any of thesC' three clements
 
is ignorC'd.
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Just how the D&D methodology approaches this task is ta~en up shortly. 
For the moment another key aspect of the definition of "the system" 
for D&D purposes needs to be explained. Given the importance accorded 
in the above morlel to the central organi:ing role of human purposes, it 
follows that the analysis of the system must focus on the activities of 
the relevant decision-making units within the local human ecosystem. 
Identification of the focal units for D&D purposes gives additional 
specificity to the definition of the "land management system" and also 
defines the scale of relevant diagnostic and design procedures. Because 
the nature and composition of relevant decision-making unl.ts may vary 
widely from one geographical location to another, the D&D methodology 
has adopted a variable scale approach. 

In most cases the primary focus for D&D activities will be on the 
household Zand manaJement unit, Le. the family farm, the household 
herd, or other elementary kinship-based production unit, for the simple 
reason that in most systems this is wheve most of thG majov land 
management decisions Ql"e made and it is these decisions which must 
be affected if agroforestry is to have any visible impact on the landscape. 

Having said this, it must also be acknowledged that the household 
management unit may not be the only relevant decision-making unit 
to address in many cases. Agroforestry is an increasingly important 
management alternative for larger scale forest management units with 
their own forms of organi:ation which must be taken into account. Even 
in farming systems applications many problems require a lavgev-than-favm 
scale of diagnosis and design. Wate~shed problems are a typical case in 
point, where erosion processes on one farm may originate or have impacts 
on other farms in the watershed. Boundaries between farms, roadsides, 
communal gra:ing areas, etc. are areas which may have problems which 
cannot be assigned to individual households and which may require larger 
scale landscape and community level solutions (Rocheleau and van den 
Hoek, 1984). 

Smaller scale approaches to D&D may also be required to deal with 
intva-how;chold level problems and potentials associated with the 
internal division of production responsibilities anj opportunities 
(usually along sex role lines). These aspects may be particularly 
significant for agroforestry in regions where women, in addition to a 
heavy burden of domestic chores (fo04 preparation, water supply, child 
care, etc.), may also have primary responsibility within the household 
for firewood collection. care of l~vestock and subsistence food production 
(Hoskins, SO; Fortmann and Rocheleau, forthcoming). 

For all of these rC.lsons, a flexible variable scale approach to ne<D 
is required. A,systematic attempt to assess the role of scale factors 
in agroforcstry Jiagnosls and design is currently underway at ICRAF 
(Rocheleau, ICJS.p to supplement the basic guidelines for variable scale 
analysis given in the current D&n documentation (ICRAF, 1983b). 

A Diagnostic Approach to Design 

There is a saying in thc'medical profession that "Dilignosis should 
precede treatme'n." h'c wouldn I t dream of entrusting our health to a 
medical practitioner who made a habit of prescribing treatments without 
first dia~n(l... in~ what ails us. lie expl'ct the same approach from 
ilutoml.,hilc nll'dlolnics. Ilhat a stl'an~l' alwm.l1y it is, thl'll, that "'e have 
tcnded to accept a ]cs',cr standard of practice when it comes to treating 

) 



Ii ­

problems arising from man's use of thc earth. The fundamcn[~l 

rationale fOI' a diagnostic appru'1..:: 11 to agroforestry design, and indeed 
to all systematic attempts to rectify land management probl ems, is 
that this same standard of pI'ofcssional practice should apply \,hen 
devising strategies t'or technological inten'cntions in ('xi~;ting land 
management systems. The time, if ever it existed, !>hen we could 
settle for a hit-or-miss approach to land management is long past. 

Diagnosis, hl1\;ever, is not an end in itself. To have impact on the 
land use scene a diagnosis must be followed by an appropriate technological 
prescription, The di,lgnostic process, conceived as a "discovery 
procedure" is, nevertheless, usually the most direct and logic route to 
an appropriate agroforestry desi~n. Intuitive leaps leading to very 
good agroforestry designs can, of course, occur, but the essential point 
is an epistemological one: how docs one know that the desi~n addresses 
the real needs and potentials of the system unless it is substantiated 
by a diagnosis of the system? For a careful, professional approach to 
agroforestry, it must be acknowledged that the ability to solve a problem 
begins with the ability to define precisely what the problem is 
(Steppler,1981). 

It is a common experience (grounded, one suspects, in some fundamental 
and evolutionarily significant feature of human cognition), that the 
very act of seeing a problem clearly can itself suggest the nature of 
the required solution. One could perhaps go so far as to suggest a 
methodological corollary to this observation: If the anaLysis of a proobLem 
does not suggest at Lease the generoaL outLines of a soLution, then the 
anaLysis is not yet adequate and shouLd be pur[)ued furothero. The ne:D 
approach is, in essence, a kind of algorithm for evoking insights of this 
type into the connection between problems and solutions. As such, it 
really contains nothing fundamentally new, but merely suggests an 
efficient pro~edure for taking advantage of the remarkable human capacity 
for problem-solving which is somehow wired into the very nature of our 
thought processes. Troubleshooting the system: The particular form of 
the algorithm llsed in the D&D approach is suggested in a general way in 
Figures 2 - 5 and described in more detail for the project formulation 
stage of the D&D process in section 2.4 of this paper. 

Criteroia of Good Ag?'oforoeGtroi! Design 

There is no Sl(bstitute foro good design. The world is littered with land 
management schemcs that have failed because the intended user:; of m'!w 
technologies did not take them up. Numerous factors arc cited as 
reasons for failure, but one suspects that in most cases it is due, at 
base, to faulty design. The criteria adopted by the D&D methodology for 
good a, ofores try design arc threefold: prooductivity, slwtainabl:Zity and 
adopl-abil it:;. 

The prodl<ct£vit,1j criterLcn is a self-evident and vil·tually unin'rsal 
measurc of tile success of any technolo!~ical innovation. Ther'e is no 
need hel"C to dahor'ate much on this criterion except to notc that the 
D&D approach embodies a somewhat broader type of productivity assessment 
than is normal, partly due to the broad range of pl"oductivity 
improvem('n ts 1,1 Ii eh a re I; it hin the scope of agrofor'es tr-y to address, and 
partly as an attempt to correct for an implicit bias in conventional 
pr"0ductivity ilsscssrn,'nts tm,ard c,1mmel'Ciali:cd systcms of pr'C'duction. It 
is often tilcilly asslITn1'd that lhl' r'ilisin~ (,f cash incomc will 
autolll~1tic<llly improve the abil itv of fanners to satisfy their consumption 
n('('ds. C:lsh, ill to,j;lys I,or-]d i:i cl'r'tilinly il hasic lIum;lIl Ol'l'd, hilt it 
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will not solve the pl"oblem of food and firewood short, ~e in area~ 

characteri:ed by absoLute ;;cal'city or these cOl:lmodities. In other 
words, cash is not aLways readily convertible int;) forms \;hich 
satisfy other basic needs. These needs must often be addressed directly 
and, since it is in !r.any cases within the scope of agrofol'estl'y 
to do so, the SUl"\'ey proto("ols of the D&D methodology cnCOUI"age its 
users to make an h!depend::>!t assessment of problems "'i th respec t to each 
of the several "basic needs supply subsystems" and the ability of the 
land management system to meet these needs either directly through 
home production or indirectly through cash transaction. 

The needs "'h ich are considered basi c and universal, and which therefore 
enter explicitly into the D&D protocols are: food, water, energy, 
shelter, raw materials for local industry, cash (for normal expenses), 
savings/investments (for extraodinary expenses or development), and 
social F,vJ""~ '."1 "1")1 c, "1'"'''''1,11 ~xchangcs dlld the like). Although 
the adoption l)f this "basic needs appl"oach" does give the D&D methodology 
the capability to effectively address the needs and problems of 
rt'source-poor farmers, it docs not necessarily imply an anti-cor.unercial 
b..s. The assessment categories arc there to be used as needed. In 
highly commerciali:ed production systems, the D&D methodology directs 
attention mainly to improvement of the cash subsystem; in poorly 
developed market economics, the methodology may suggest opportunities 
to satisfy the basic needs more directly. Agroforestry can contribute 
in various ways to each of the above listed subsystems (sec ICRAF, 
1983b, pp. 157-160 for elaboration of tnis point). 

The sustainabiLity criterion in agroforestry design reflects the special 
ability of agroforestry to solve or mitigate resource degradation 
problems in respect to deforestation, soil and water conservation, 
fertility maintenance, pasture regeneration, etc. In the D&D methcdology 
the conservation objectives of agroforestry arc expressed in terms of 
sustaining production for the simple but expedient reason that most 
smallholders arc primarily concerned with production objectives and only 
secondarily concerned, if at all, with conservation objectives. To 
a"aken intcI'est in ne\; technology it is often necessary (and with 
multipurpose agroforestry systems, entirely possible) to offer packaged 
solutions which meet both conservation and production object.ives 
simultaneously. Assessing the sustainability of the existing system 
and designing for sustainable agroforestry systems is, therefore, a 
prirn~ry feature of the D&D approach. It could be argued that this is 
a neglected aspect of other diagnostic methodologies in the land 
management field. In agroforestry, certainly, it is one which is 
ha:J~r to ignore. 

The adDptabiUty aiterion is simply a way of operationall:::ing all of 
those social and economic factors which interact with the particular 
attributes of an)' given technology to determine whether or not the 
technology is acceptable to the intended users. If a given technology 
is not in fact adoptable by the intended users, there is not much point 
in it. An analogous observation is made by nutritionists in noting that 
the nutrition"l ral ue or" any fooJ that is not eaten is :el'o. I'egardless 
of its chemical composition. It has been more or less standard 
practice in the appJ ie,i JanJ management sciences for researchers to take 
their inspiration f')I' nCI, tl'chnology from the research tradition itself, 
r.1tIH~r thiln fr,'m an ilsseSSIlI'.'nt l,f the chances fOl' a specific tedltlology 
in a given lalhl mill1agernent system. The result, all too often, has 
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been the failure of the intended users to adopt the new technology 
because it simply docs not fit their system (with its inherent 
technology biases, resource limitations and other constraints). 
Unfortunately, the tendency in such cases has usually been to blame 
the intended recipients or, in many cases, the extension system for 
failing to sell the new technol"..::' to the farmers. In most cases, 
however, it will be more productive to take cogni:ance of adoptability 
criteria in the design of technological innovations, in the first 
instance, and to build the appropriate characteristics into the new 
teclmology from the very start of the R&D process. This, in fact, is 
the explicit rationale behind the incorporation in the D&D methodology 
of adoptability as a criterion of good agroforestry design, on an 
equal footing witl! productivity and sustainability (see Raintree, 1983b 
for ,further discussion of adoption strategies in agroforestry). 

2.4 Procedures for Project Formulation 

As indicated above, the D&D methodology recommends an iterative process 
of diagnosis and design which continues throughout the entire life 
cycle of a research and de\'elopment project, from the project planning 
stage, through the technology generation stage to the final stage of 
teclmology dissemination and adaptive research. In its present state 
of development, the existing draft documentation on the methodology 
gives primary em~!asis to a set of general guidelines (ICRAF, 1983a) 
and optional detailed procedural suggestions and resource materials 
(ICRAF, 1983b) for the project planning stage of the project cycle. 
Additional guidelines and resources are currently being developed for 
later stages and will be incorporated into revised editions of the 
manuals. This staggered process of methodology development is partly 
due to the longer time required to gain experience with the latter 
stages of the project cycle, but partly also to the prio~ity placed 
in this early period in the ~evelopment of scientific agroforestry on the 
formulation of well-conceived projects. 

In order to fit the needs, resources and levels of interest of the 
widest possible range of potential users, the D&D guidelines for project 
formulation are presently offered at three levels of detail. 

Level 1. Minimal Guidelines 

Guidelines at this minimal level of detail consist of little more than 
urging scientists and development workers to adhere to the basic 
principle that dI~aCr>!od3 shou ld precede t2'eatment. In applying this 
principle, there are many possible ways to proceed and workers arc 
encourap;cd to usc their' ingenuity in devising ways and means appropriate 
to their olm needs and resour·ccs. As long as one first takes the time to 
diagnose the tar!;~t: land IIS~ system bef02'c starting to design 
improvements for it. thc minimal reqlliremcnts of the D&D approach will 
be sa tis f i ed . Still, it may be helpful to pass along some useful 
hints and sug~estions, based on TCRAF's experience witl! the approach, on 
how one mi~ht or~ani::c one's thinking in approaching this task. Table 1 
suggests a fOllr sta~c brcakdOl>1l of the D&D process and the basic 
questions and key factors which ICRAF field teams have found useful 
to consider at each sta~e. 
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Table 1. Summa I')' of le\'el 1 guidelines for project formulation 
based on it four stage breakdOlm of the 'minimal' logic of the 
D&D process. 

UD STAGES DASIC QUF.sTlOSS TO A.SSIIER KF:Y fACTORS TO COSSIDF.n HODE OF INQUIRY 

I'REDIAGSOSTIC 11011 TIlE SYSTDI ~ORKS PRODUCTION ORJ ECTI vrs SEEING TIlE SYSTEH 
(what does I t look like, AND STRATEGIES 
how is it put together. 
how does I t work?) 

DIAGSOSTIC	 HOW WELL TIff: SYSTEH ~ORKS PRODLEHS IN KEETIS'C TROUDLESHooTl NG 
(what are its problem:!, ODJECTIVES TIlE SYSTEH 
lIcitin,; constraints and 
dysfunctional syndromcs?) CAUSES Or IDEl/TInED DERIVING 

PRODLEIIS	 SPECInCATIOSS 

DESIGN	 HCW TO IHPRO\'E Tllf. SYSiEH PRODLEM SOLVING OR DRAINSTORHINC 
(what i5 nceded to improve PERfORHASCE ENHAS'CI NC Ah'll EHLUATING 
system performancc'?) INTfJlVENTIONS ALTfJlNATlvtS 

PLANNIh'C	 hllAT TO DO TO DEVEWP TIfE R&D PRIORITIES I'ROJECT PUNhlN~ 

IHf1IOVED SYSTE,H AND RESEARCH DESIO:: 
(what specHic R&D actions 
are needed to develop and 
impl....nt the envisaged 
improYemcn t3?) 

Level?- Semi-detailed Guidelines 

This is the level of detail contained in the draft Guidelines 
for Agrofopestpy Diagnosis and Design (ICRAF, 1983a, 25 pp.). At 
this level of detail the suggested procedures for project formulation 
emphasi=e a "rapid appc"a isal" approach (Chambers, 1981) and consist 
of a series of information gathering and analytical steps, leading 
logically from one to the next. Thi; stepwise procedure entails an 
hierarchica1 pl"ogressioll from the general to the particular, "'hich is 
designed to economi:e on time and effort by excluding irrele\~nt 

information from further consideration while developing a progressively 
sharper foclIS on essential injopml1.tion, Fly mean~ :;: eLl:, ~,:-n'c;t Jred 
but open-ended approach the level 2 guidelines attempt to avoid the 
seemingly endless and needlessly detailed data gathering task which is 
often characteristic of less structured approaches to systems analysis. 
In the level 2 methodology the four stage procedure suggested at level 1 
is further subdivided into a series of 12 discrete steps, as follows: 

Prediagnostir Sta~e (Steps 1 - 3) 

This stage covers 1) background description of the study area, including 
diagnostically relevarlt aspects of the biophysical and socioeconomic 
environm"nt, 2) differentiation and selection of land lise systems 
within the study area for further D&D attention, and 3) preliminary 
description of diagnostically relevant aspects of the ~elected systems. 
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DiD~nostic Stage (St~r~ 4 - 6) 

This stage includes .1) Jiagnostic surv~y of the selected systems and 
relevant "sp~cts of thl' envi ronm~ntal setting, 5) diagnostic analysis 
and identification of H:ajor land usc problems and potentials, and 6) 
derivation of specifications for appropriate technology (including 
non-agroforestry options but with special attention to agroforestry 
poten tials) . 

Technology Desi~n Stag~ (Steps 7 - 9) 

This stage involves 7) appraisal and selection of candidate technologies 
for possible inclusion in the design, S) synthesis of a general 
design concept for an improved land usc system and development, if 
possible, of initial 'best bet' designs for component technologies, 
and 9) ex ante ~valudtion and refinement of the proposed design. The 
activities of this stage may involve reiteration of the above steps. 

Follow-up Plannin~ Sta~e (Steps 10 - 12) 

This stage ~ov~r5 10) identification of research needed to develop 
and/or test tl e identified agrofOI"Cstl'y technologies, ll) identification 
of areas need LI1g fUI'ther D&D attention in follol'1Jp activities and 
12) developm0nt of a detailed project implementation plan to carry out 
the envisag~J R&D programme. 

Table 2 pres0nts a summary overview of the four stage process in 
slightly greater detail than Table 1. The Guidelineo document itself 
gC'cs a little further than what is shov>1J here in the form of a step-by-step 
outline which suggests ways to procecd at each step, listing the 
expected output of each step, the relevant sourceD of information, a more 
detailed lis t 0 f f"etc!';] to cow3idcl' J and a brief ea talogue of potent iaUy 
useful tools and materials. 

Level J. Detailed Guidelines 

For users of the methodology who, \,hen developing their 0\\11 set of adapted 
proceJuI'cs. might be desirous of having the bcnefit of the full range of 
dl'tailed metlwdological suggestioI\'; \Vhich ICRAF's experienced 
multidisciplinary staff is currently able to pI'ovide. a third level of 
deti! i.l is g i \',~n in till' d I'a ft .'?eSQ!ircc;; for .4{JI'( 'j'or'cstr'y Diaunod ..; and Deoign 
OCR"!", 19\,b, 3.33 pp.). This collection of o~tional r~SOUI'ce rnatel'ial:s 
contains a mOI'C' dctaill'd ~;C't of procedural suggestions for each of the 
12 steps in ~h~ level ~ rtil,th,1d"ll11"Y. aloli!'; with oV,'!' ;)5 resC'urce modules 
descl'ihing lIseful di,l!"no,stic to('ls, analytical techniques and dc~ign 

mater'iilis t\11' I'os,;ible cOlli;uItation at appropd.ate st<::ps ill the project 
formulation 1'!'OCI'SS. It "',)uld he un1 ikely. and illlkcd impossible in a 
"I'apid appr.lis"J" type of project t'ol'lllulation cxen.:ise, that all of the 
suggcsted pl'l'c('dures, tools and materials \,ould be needed or used. 

What must be emphasi ::.cd, in any case, is that users of the 11c",D methodology 
in its m"n' deLl i led form "'j.1 1 almost always need to modi fy and adapt 
till' sUgi~('5t,'d pl'l',~edur('s to fit tIll' r;!l't:cuLIl' ilpplication. This 
r"Sl'ur,,' ,,'ll.'cti"11 is ,ksi!"Il\'d tl' :;,'rv,' .1'; ,15"111'('(' C'f ilk;l,'; to aid th~ 

lIser in this pl'l'("'S:;. ~bnj' of the rl'S\'UrCl~ modules may also have valuc 
for ili';'"f"""S11'Y ilhl"I"'II,I"'11 of tit.' 111',11 pl'lh:I'SS. 

( j, 
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Table 2. Summary overvie\" of level 2 project formulation guidelines showing ho,,, the D&D process 
I'('latl~s to the concepts of the "land management system" and the ."human ecosystem" illustrated in 
Figure 6. Stages of the D&D process are shown at the top of the table, the major analytical 
t~chniques at the bottom, and the key questions and factors to consider in each of the internal 
cells of the table. 

PREDIAG:-lOSTIC DIAGNOSIS OF TECHNOLOGY FOLLOW UP 
IJ::SCRlI'TlON PROBLEMS & POTEllTIALS DESIGN PLANNINGI 

I~1iO IS I~,OLVED? WHO HAS 1.11AT PROELEMS? FOR "'lIml IS TIlE TECHNOLOGY ~'IO SHOULD CARRY OUT 
- LA~lD USERS INTERACTIO:-lS UITENDED? TIlE :IEEDED R&D OORK? 
- GOV!:P.~~·:E!lT AUTHORITIES1&. "'H

r I','m' 
- Onn:R r:iTERBSTS 

U 

~:'\~,AGE~:E!lT (PRODUCTION! PROBLEMS W ACHIEVINGI 
CO:, SEk\'ATIO::) OBJECT! VES HANAGEM£:lT OBJECTIVES,A SPECIFICATIONS FOR IIISTITUT!otlAL 

i1 hi 
1 :. . P~t~POSE OF TlIE DIFFERENT IN1'-.:..'\EST INAPPROPRIATE OSJECTIVESJ RELEVANT TECHNOLOGY ARRAlIGEHENTS, Ii GROUPS STRATEGlr~~I 

Ii 
OVERVIE'ri OF TECHNICAl, CAUSESE APPROPRIATE DESIGNS PLAN FOR TECilNOLOGYS 
TECI~''llCAL HEANS IN OF IDE~1IFIED PROBLL~J FOR nWROVED LAIID GENERATING R&DTECHNOLOGYc E 
CURRE::r USE FUI:CTIONAL POTENTIALS MANAGEMENT TECHNOLOGY o FOR TECHlaCA!. I:ITERVEN-S 

TlD:l IN 'l1IE SYSTE~:yS 
Y ~ , OVERVIEW OF RESOURCF. RESOURCe REQUIREHENTSRESOURCE USE 

PROJECT RESOURCES
BASE S~STAINABILITY ASSESS-S E RESOURCES SUSTAINABILITY PROJECTION? HENTT .;. 

~ ... 
STRUCTURE AND FU~:CTI ON IHDER ENVI RONI1E!lTAL WIDER ENVIRO~ENTAL IDENTIFICATIOlI OF 

'j UIPACTS IMPACTS 

l 
"'IUER RECO~ENDATION 

LOCAL CO:·L'lUNITY 
E~N [RONj'iENT 10: Tm: IlL'Jo'.A~: ECIJSYSTEW 

DO~:AIN 

TROUBLE-SIIOOTING ANALYSIS; MEANS-ENDS ANALYSISIBASIC :,EEDS A:-lALYSIS ITERATIVE D&D PROCESS 
PRODUCTIVITY, SUSTAINABI-
LITY, ADOPTABILITY 
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Even in its most detailed form the D&D methodology cannot a:lticipat\~ 

and provid.:! answel's (or eVl~n sUI'!~est ways to find ansl,ers) to evcr,'" 
question "'h ich cou Id ad se in s i te-specif i c applic;), t ions. At its presen t 
stage of developmellt the D.'.:D methodology is I'L'ally .1 tool fOl' an 
interdisciplinary group pl'ocess app)'uach to agrofol'e~;tl'Y diagnosis amI 
design ly a multidisciplinary team of expe)'ts (or, in sOllie cases, by 
an interdisciplindrY-lIIind.:!\! individual with b,ickup fl'om a multidisc.iplinary 
pool of exp.:!rts). Like all tools, the successful applicat ion of the 
D&D methodology reli.:!s heavily on the flexibility, competance and 
creativity of its users. 

LeveL 4 Guidelines? 

It is ~ot clear just how f~r it is practical or useful to go in devcloping 
methodologies Ii ke D&D. Perha ps aft e r the draft manual s arc revised to 
incorporate user feedback it will be decided that ICRAF has gone far 
enough in this effort and the emphasis will then shift to the 
accumulation and analysis of case studies and the development of broader 
geographical pel'spectives or, agroforestry needs and pot·.:ntial:;. 
Certainly, it is only tbl'ough appiicatioH that the methodolo,L';y will bear 
fruit in concrete form and hilve the kind of impact on the Lll1dscape of 
rural developillent that is intended. However that may be, it is still 
conceivable that this type of a methodological approach could aspire to 
a higher level of rigor and detail, as would be required to achieve the 
capability of positive dia:.mosis and precision design, "'ith less 
reliance than at prescllt on the knowledge and skill of particular 
multidisciplinary teams. Such a methodology, essentially an elaboration 
and refinement of level 3 procedures, would involv.:! the use of system 
specific "diagnostic keys" and detailed "design algorithms," but it would 
require an empirical and theoretical understanding of agroforestry, 
indeed of land management systems in general, that is well beyond the 
present capabilities of the field. Whether or not this is an attainable, 
or even desirable, goal is a moot point, but perhaps it is one that should 
be kept in mind for the future. 

3. PRELHII~AHY EVALUATIO:l OF ICRAF'S EXPERIENCE WITH THE D&D NETIlOnOLOGY 

It is much t00 early to give any tiling more than a very preliminary a~count 

of ICRAF's exp<.'I'ience "'ith the interdisciplinary D&D methodology. It 
is difficult, moreover, to evaluate that experience without sounding 
self-serv.ing. :\,~vel'thele:;s, it docs seem possible at this carl,)' stage 
to draw certain tentative and reasonably objective conclusions ub0ut 
ICRAF's experience in developing and applying the D&D metho~~logy. It 
~hl)uld be nl)ted, howevez', that the pel'spective expressed here 1S the sole 
responsibili ty of the author and, I.;hile I have no re,I:;on to anticipate 
substantial di:,agreement from my colleagues, the follo"'ing statements have 
not been sub,kcted to sj':;tematic in-house review and, therefore, do not 
necessarily !'cf]cct thc consider'ed institutional jud~emcnt of ICH,\F a" 
a ....h01e. 

Let it be said stl'ai~hta"'ay th.lt any success which may be attri buted to, 
the D,',D metl10dology effort at ICHAF is in large measure due to the very 
favourable clir:tilte created 1'01' such work by the Council's mandate, 
institutic'Il.ll Btl'ategy ilnd pr0grallllnc of work. The ultimate g0.II of 
ICH,\F's h'ork, as stilted in j ts Chane!', is "to impl'lwe thl~ nutritional, 
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economic and soc ial wdl-being of the peoples of developing countl'ies by 
the promot iOIl l,f a~r'ofon'stl'r syst~ms designed. to resul t in better' 
land use h'itt1l'ut l!l'tl'ir.ll'nt to the ~n\'irol1m,~nt." As a resear'ch council 
without cxt~nsivc fiL'ld !'~S".l!'l~h Llcilities of its l\\"n, lCHAF';; role is 
mainly to assi~t natiunal and international institutions to de\'l~lop and 
implement h'~ll-collcci\'cd r'esearch-fol'-dcvelopment pI'ogr'alllllws in a~l'ofol'estl'j' 

The current pr'ograr.une of w,)rk, thus, cllIphasi:es three m;lin focal points: 

1) the development of methodologies fo!' identifying social, economic 
and ecological ,~onstr'aints in land-use syst~ms and 1'01' assessing 
the pot en t i al of agrofol'es t ry technologies to O\'ercome such 
constraints; 

2) the syster.latic collation and assessment of agroforcstry knolVledge 
and the de\'dopment of methods of studying and evaluating 
agroforestry technologies; 

3) the efficie:lt dissemination of methodologies and Imo\,..ledge to 
scien ti s t sand deve10pllIen t planne I'S i.n the tropical a nd sub-tropical 
developing \"01'1.1 (IC/UF, 19<'33c). 

The need for a metho,lology to assist. agrofol'estry \,orkers to identify 
research and d~velopm~nt priorities, based on a clear-eyed assessment 
of agroforesn-y-rclated constraints and potentials in existing land usc 
systems, Has id'.:'lItified as a pl'iority focus for the Council early in the 
development of its institutional stl'ategy (Stepplel'. 1981). Consequently, 
the D!,n worl, \,as initiated in 1981 and later fOl'mali:ed as a project which 
recdved a m;l j,'r ~;haI'e of ICIL\F's pel'sonnel and financ ial reSOUI'ces 
within the c~crall programme of work. A key clement of ICHAF' s strategy 
was to recnlit a multidisciplinary team of 15 or ICJ scientists \,hose first 
task I:ould be to pool their collective experience t" develop such a 
methodology. 

3.1 In-House Development Phase 

A LI"ief dlscussil'n of sOlOe of the key clements of the institutional milieu 
in which the lli~n methodolof',y was devdoped may be of some relevance to the 
theme of this con~r~ss. In the first instance, the very complexity of 
agroforestrj' as an approach to the developlOent of improved land 
mana~ement s,n.t,'m~; cI'eated an Illlllsuill1y r.1\-ourable climate fOl' a systems 
pel'spective ar:ll'n:: rCrL\F's ;;ci,'ntific staff. The newness of the field. 
]aC'l:ing :;tl','Il': di:"l il'lil!<ll'y Cl'llL'CrUons of busin~ss-a~,-usual ;ltld. indeed, 
pos<;e~;.',e,l l,f;, I'illd l,f I'l'\','lutionary clan, \\'as no d011ht anothel' il'lpl)l'tant 
and Vl'I')' Llvl'ul'abll' filct,,!, in the setLing in I,hich 1\",[1 devell)pl'd. Few, 
if OIny. of tl;<' ,'IIT,'lit syst,',;;<; !nC'thl),]ologics in t.11L' land man;lgcl:lent field 
ha\-,' en,io,vell !oIl,:h ;1 fa\':"IlI'ahlc institutional setting. 

At the initia:.i,'n l'C coneen ..d O!.J) dl'\'elopml~nt activities in ,'ar'ly .1981, 
til(' :;,'ni0l'sL,ff ,"'IlS i SI <',I \'f til<' Int"l'im Oi l'\'ctC'I' GencI';1l :Ind f,'ur 
scientists. 1,Illle this might seem an ilJ(ll'LlinantIy small staff 
cCli,pll'(;"'nt for ;\1, 0I',;.Ini:.I1 i"11 \d th SUdl a lat'l~e 1i:,lndate. it did PI'Olllott~ 

an I:lllls!I:t1ly illt"lIse .111<1 fnlltr'1I1 intl'!'.Iction all1('lIl!~ the scientific st.aff. 
Ttw 1ullg, alillost ,'('lnt.inu.'us, and sO~letimes very animated di:;cussions 
which OCCIll'l'd ill this "t.hillk tank" atllll'sphere laid a sound foundation 
of shar .....l int,·r,li.c;,il'l indl'Y ul1\!";'stilI1Jing I,hich IhLS form~d the h.rsis for 
mudl ,.f IC:;\l' '.; :;td"l"jIIL'111 I.,'ri,. 

~ ; 
1 ,: 

\~, 



Early in the D~d) methodology development tn'O of ICH,\F' s sc ientists 
joined f,'n:es to sl','arhead the methodology development effort: an 
ecologic,01 <1uthr"I'"l,'gist (Jat'~I' named projt:'ct leaded "'ith training 
in tn'" CI'OP hOI'ticultun~ and psychology ,HId a stl'ong technology bent, 
and a li.\'estock/ran!',e management scientist Idth an eilr'ly background 
in agrolwmy ,ll1d consider'able e)(p,'rieu('e Ln the mdnagcm,'ut field. T..,o 
points arc wonh rwting ht:'re: First, the interdisciplinal'ity of the 
individuals themsel\',~s, and secondly, the basic social science-biological 
science complementarity between these individuals, which in effect 
invoked the "pail'in!', f\l'inciple" "'hich has figured so prominently in many 
of the Farming Systems methodologies. Another important clement in the 
early D&D equation Ims the strong committmt:'nt of this core team to the 
"nel> professional i Sill" (Chambers. 1983) of the research-for-development 
paradigm. The gene l'al commi t tmen t of the Council as a ..'hole to the ideal 
of an applied agr'ofol'estr'y science and the critical SUppOl't of the other 
staff members (a horticultul'ali.st and an agrolll'mist) COll.Hituted a I'ich 
nutrient broth for' tlh~ n,1scent D&I) methodology. It was dul'ing this 
period that the b;!sic framel,ork for the D&O methodology was laid down. 

One further clement of the early methodology development ..'ork which ..'as 
absolutely crllcial- tl) its success ..'as exposure of the 0&:1) team to 
realistic field ~onJitions. ~ost of the early applications took place 
in Kenyil at a variety of sites representing a range of ecological and 
socioeconorni~ conditions. One of these sites was developed as a special 
project site for in-house methodology development work and is now into 
its foul'tlt year of on-fann agrofores'try tri.1ls (Lundgn'n ilnd Raintree, 1983; 
Rocheleau and van den Hoek, 19054; Vonk, forthcoming). 

Gradually as other disciplines I,ere added, notably a farm economist who 
brought fresh insights and greater rigor to the methodology and a forester 
\o'ho suppl led an essential missing element, the basic framel,ork of the 
methodolo~~y I,'as fleshed out in greater detail and multidisciplinary 
!'igor. It h'as not until 1983, hOI,'e\'er, that tlte full complement of 
disciplines ol'ir:;in,l11y envisaged for ICHAF's multidisciplin<Jl'y tea~1 \{as 
reached (s,'" TCH,\I', 1<),\3,~ 1','1' a LLstin; "f the more th;1I1 10 disciplines 
represented in ICHAf's current complement of 18 senior scientific and 
professional staff members). lI'ith the addition of a bioclimatologist, 
a land evalu,! t ion cxp<'rt and a geographer/ sys terns ceo 1O!! is t, the D..",O 
methodoll'gy project I;as abh: to dral' en a multidisciplinary staff '",hose 
breadth ,In.1 sopltisticat ion is unlikeiy to be equa.1led anyl,'here else in the 
agrofOI'l'stl'y field. litis mi~ht, ,It, first glance, seem to indicate a 
constrai.nt on the application of the I'ltd) methodology outside of lCHtlF 
where such \,."l1-I'OUlhh',! nJultidisciplinal'y learns are raro. but this would 
be iln errone0US conclusion since .. as everyone knoh's, there is an 
enonn,\u~; cli fflTcnc,' b"th'e,'n the o'clI,,[oprno7l:t of a mctlto"010~y an,1 i.ts 
G!'[Jl:"::l! iC"; by w:,'!'". Hi~ht fl','m the beginning, !CH.\F'~; institutional 
su·at,'g.y hds ,listirhJlli,.,h,~,1 three phdses in the dC\'c10pllIl'nt of ilny of 
its m~thoJolo!',ies: 

/'ha~e 1:	 Oevcl0l'f,Il'nt of the in-hou~e capabiLity to accomplish a 
particular methodo10~ical objective 

Phasc 2:	 EXpilllSiL'!1 of lCH,'.!" s in-house capacity t,) can'y out a 
sufficient amount. of methodology application work (as 
a scrvice to client~) 

Philse J:	 ,\tLI!lIT1,('JI\- l,f tll(, Si;!tIIS "f il flillfl,',I ... ,'d ."i,'!lW,!/'!OjU 
by tl'oIn~f"I' of tIll' ,h'velol"',j OIcthodoh'eical capolbil ity to 
"till'!'" f,!/' ill,i.'I"'I:,I"!11 ilpl"i"dt.i"JI (i.t'. thl','llgb 
d,'clw:,'JliiJ t i <HI ;111,1 :,,,' 11',1 illi,\!;) 
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Thc D&D mcthc'dology i~; in thc carly stagcs of Phase 3. Conceived from 
the start as an ilcti>'ity 1,'l1ich "'ould itl\'olve the collaboration of 
potential users of thc ':Il.'thodology in .its d~~veL)pm<~nt, the D&D methodology 
will not be complete tlllt i 1 the CUITent rcview period is over and 
suggested improvemcnts hi\\'C bcen incorporated into rcviscd versions of 
thc prescnt draft manuals. 

3.2 Dissemill;ltion Phase 

There has been a high dc~ree of ovcrlap bctwccn the development and 
dissemination phases of thc D&D mcthodology, inasmuch as the devclopment 
of the mcthodology was lan~cly accomplished through trial application and 
refinemcnt at a rangc of sitcs around the world. Most of thcse 
applications havc becn orgilni::ed UndCI" the umbrclla of JCR,\F's Collaborativc 
and Special Projects Programme (COSPRO) and have involved collaboration 
of rCRAf scicntists with local multidisciplinary teams of national 
and intcI'!l<ltional scientists and, thereforc, automatically iuvolvcd 
dissemi n;, t i c'n of the cvo I dng methodo logy. This repca ted exposure to 
new eco1.c'gici'l 'Uld sociN'c0nomic cit'cumstanccs, along with the fecdback 
receivcd frrm scientists rcprcsentativc of the methodology's main clicnt 
group, has 'Jecn i kcy e lemcn t in the elabora t ion and refinement of the 
methodology. Fc\)" farming systems methodologies have been exposed to such 
a wide range of geog:",1phiral cond i t ions and user feed back. 

For the purposes of this cOllgl"eSS it. may be instructivc to consider how 
scientists exposed to the D&D methl'dology as part of the ~OSPRO 

project formula t ion expC'I'i ence hav<' t'csponded to the approach. The 
typical initial reaction tn the methoJology has been one of scepticism. 
"ls all this :"C'al1y ncces sa ry?" is the typical initial comment, recently 
expressed by all Indian scientist at the beginning of a D&D exercise 
in the Himalayas. Scientists have becn formulating research projects 
Id thout the benet" it of the D~:D methodology for years and the ir,i.tial 
response is characteristic of scientists' l'cilction to "'hat they often 
perceivc ilS an intrusi011 on "busincss-ils-usuill" in a fOI"m which, at least 
implicitly, S<,<,InS to ca~l theil' professional cowp,'tance into question. 
For the,most part, the scientists recruited by their superiors for 
participation in ICR~F led D&D training-cum-project-formulation exercises 
are thel"e net because of a bUI'ni.ng interest on their part in improving 
their ability to identify meaningful-prierities for applied agroforcstry 
rescarch, but because the lIeed for such improvement has been l"(.'cogni::eJ 
by higher milndcc,'nI,'nt ll'vl'ls in th('tr l'r!:',ani::atiolls. This is what one 
would expect. H<'searC'h r.lan.lg,'I"S Jrc laorc directly ('xposcd tC' political 
dem,llIds fOl' I':'ilr~icill "I"'~;lIlts" that ;I/'e part l,f society's responsc to 
the crisi.s sil.uati0n facin'! milny de\"('lC~l'inl! cOllntries: while scientists, 
:,cill relatively s<'cure ,.. ithill the pl'l'SCllt :,ystem of Jisciplinilt'y 
rel1'arJs. arc .shl'l t,'r('d from these pt','SSUI'CS. 

ne that as it may. "i\'c'l1 the ·Jon,-, ~~"St:i1tjoll pedod for the dgrC'fcH'l'stry 
tcchltl,logic'.': il1itiittc,l by the /J{,/J rl'uCCSS, one of the fc,,' sourccs of 
empiricill confirlll;ltic'li [1f tit" validity l'f the D,~.D process 11'llich h'C can 
presetltly offer is the Llct tint scic,tltists initially exrrcssitl~ 

sccptic'ism rC:~;lniing the /lIct:hodolo,~:.. , al the conclusion of the typical 
two I,'eck fic-lei exercise COtlsi.stcntly expl'l's,-, acceptance of illlIl often 
re'<ll el1thllsj'I';", fc'r till' '1pl"',,;:.-II. Qllill' "ftl'll it is the' ",,'st \"l,C'iferous 
s('ept il':, 1;111' h',' ,';,:,' till' ml,st· l'i'~"'I'c"i'; r!t;,mpi,'ns 0f nnl. Til,' ph"tl"rJll'nlltl 
is :;0 sll'ikitl!; tholt Ol1c' is t('ml'tc"! tc' compar'c it to the psychology of 
thp clfls'-iil~dl lIl'l'fl\'('l'''ii~'):l (·x~'l'ri(\rl\·\""" 
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The tYI.'ical comment :It the conclusion of a D..",O field experience is 
on the ('['del' of "You kno\,', I really wasn't too impressed \;lth all this 
D&:D bus i.ness to s t:l rt wi th, bu t I really did learn a whoIe ne\{ way of 
think ing about my research A1':D it wasn't really all tha t complica ted 
or time consuming. It will be useful to me in my future agroforestry 
work." 

Of course, the reaction is not always so positive. Individual scientists 
are differentially susceptible to innovations in methodology. In trying 
to discover whether there are any patterns in the response to D&D, 
we don't seem to find any clear cut disciplinary biases. Some soils 
scientists and foresters arc as receptive to D&D as many economists and 
sociologists. The only clear pattern of resistance to D&D that we can 
presently discern is in cases I;here the individual has a strong personal 
cornmittmC'nt to some "/'ival" methodology or deep ego im'olvement in 
previous \wrk of a similar nature at the site. In the former case, the 
resistance may be misplaced, since ICRAF has never claimed to be in 
exclusive possession of the methodological holy grail. There are many 
ways to skin a cat, and the D&D methodology has always been presented as 
only one, perhaps more than usually systematic and efficient, example 
of what is after all a very general and fundamental problem-solving 
approach. In the latter case, we are confronted with a more delicate 
problem, lI'hich may indicate the need for caution in accepting the host 
country I s nomina tion of a O..",D t rai[1ing site at which there is a long 
history of prior scientific involvement, particularly when demonstrating 
the methodology for the first timC' in a country. In some cases it won't 
matter, but normally such sites involve psychological complexities that 
are best avoided in training exercises. 

What, in fact, do participants in ICRAF led O&D demonstrations actually 
take away with them from the experience? What indications arc there that 
D&D is being successfully adopted and adapted for independent service 
in host country institutions? Several O&D-hased agroforestry research 
and development projects art' unden,ay at var'ious places in the de\'eloping 
world and certain countries <tnd regional research organi::ations have 
expressed the intention of adopting the D&D methodology as a basis for 
project fonllulation in national and regional agroforestry research 
networks but it is simply too early for the methodology to have diffused 
outward from its pt)int of intl'oduction and, therefore, too early to 
evaluate t.h,' actual adoptiC'n and ,adaptation proces~. Likewise with the 
ultimate impact of the methodology on the agrofo/'estry Llt1dsCilpe. 

It is not tC'o early. how~ver. to profit in the methodology refinement 
proces:, f"om cady feedback on tht~ n(~:l) approach received from collaborators 
in the fjeld. participant.s in felt"F training courses \{hieh prominently 
il~dtUT'e lilt' IJ,:IJ metlll'doJt)~y, ,md cO~Ill:ents and suggestions received from 
I'evie\','ers of the CUITt'nt dr'aft mt'thoJoltH~y documents. TIl'.' positive 
aspects of the IIwtht)dolo~}' r:101'e-l'r-Jess spt'ak for themsl'lves. LC't us 
concentrate, instC'ad. on the nC'!'!,ltive feedhack, since this is the source 
of valuilhlc COUI'se COlTcct.it)n infonnation. lihat arc the difficulties 
users hOI\'<' lI'jth the IlIcth"dt)h'&y and/or its CUrl'cnt forms of presentation? 

One re1('\';lnl. pl'int is hasl'd /11,,1''' on obsl'T'vation of first time D,~:l) 

p,lrtkil',H't': r,illH'l' thiln ,01:1IIIl'nIS re(',~h'('d. To hilndl,' tIll' complexity 
of tlte OI1-tIH'-Sp,'t dillol I'rot'essiJl~ task involvl'd in the rapid app/'aisal 
of rl)liIpll'\ );11,,1 miJlI,!~'l';;;"llt :'I'l,bh'IlI'; and l'l)t('ntials. thl' Di::!) m,'thOlh)L)~y 

relics tHl a nt':dhl,' bill. <;tluctllJ'eJ "first thin.~s first" appro;lch. In 
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developing till' mcthodology throu,~h repeated trial application, we have 
arrived at "hat seems to be a logical sequence l)f steps flw an efficient 
and timely pl'ol~edure. \'iIlil e the methoJology ullol>s and suggests 
flexibility in Jealing \,ith this pn.'gres::;ion, the gencl'al din~ction of 
movement (i.e. fr'om general to pal'ticular and from diagnosis to design) 
can be ignored only at gr'eat pel'll to the timely complctiou of a cohl'rl~nt 

exercise. Some such "blueprint" for the excrcise, adilpted and agreed 
upon by the participating scientists at the outset, is a crucial 
requirement for fruitful multidisciplinary collaboration. \lithout it, 
everyone simply goes off in a different directioll. The problcm is that, 
even after having agreed on the procedural agenda, many scientists 
seem to have trouble sticking to it. As h'ith all "committee" processes, 
a strong chairman who is thoroughly familiar with the demands of his role 
as leader of a D&D exercise is a must. The larger the group, the stronger 
the leadership needed. IelfAf's experience, consistent with the general 
findings of small group psychology, is that a team of about 5 or 6 
scientists is about rig!lt for a smooth application of the D&D group 
process methodology. If a larger group is involvcd, it is best broken 
down into teams of auout this si::c. 

Part of the problem, if one may be allowed a bit of speculation on 
the cognitive processes involved, seems to be a lack of prior training in 
s truc tured approache S to ela ta. The concept of "s truc tured programming" 
in the computer field is the clearest example of what we mean by a 
structured approacll to problem solving: to tackle a complex, non-linear 
data processing task, it is hclpful to first break the problem dOlm into a 
set of smaller problcms, blockollt the main analytical tasks, and then 
proceed to I\ork out the details. The advantages of this "top do~m" 

structured pro~ression from the general to the particular are so 
striking, as compared to just "muddling through," that it really must be 
considered an essential ingredicnt of a rapid appraisal approach to 
systems analysis. The morc complex the system and the shorter the time 
alloted to the task, the greater the need to stick to a structured 
approach. 

This doesn't n('cessilt'ily meilr: following the detailcd D&D guidelines to the 
letter, but it docs requiI'e an understanding of the general concept and 
technique of stl'uctuI'cd systellls analysis. at least on the pal't of the 
team leadcr, ilnd the grace ilnd goodwill of the ~eam in sticking to the 
agenda. The mos t common 1'1'01.'] em, often causing gl'ea t frlls t ra t ion to 
those team membcrs \;ho have caught onto the aPPI'(lilch and arc tI'ying 
dil i~ently tl' kN'p the dt srd,,- i c'l1 fo,'lI'::-::!, is th:'.t e\'e:'y team seems to 
includc a:. ~east SOIllC mCI:lL"r,'- h'ho al'c unable or ull\;il:Jing to stick to 
business. The miljol' disl'uptive cognitivc factor is the tendency to 
pl'oceed di l'ectl)" into detili 1 l'd treiltment of one aSI','ct of the system 
(often som('onc's spl'ciality al'ea) bcfore bringing the illlillysis of other 
inlelTcla te.! il spec t S of thl' sys t l'lIl to a comparahle poi II t. \\h ill' they 
may agree tl' it in principII', in practice many fil'st time D.:.,n participilnts 
ha\e diffinIl ty in settin!'. aside a pI'oblem and cOllling back tl' it Jatel'. 
This is net an insu[1l'r;lblc difficul ty, but it is one that lll'eds the 
attention of a gN,d interd i scipl inary-mindcd gl'l'up lcadcr. 

As n~gards f,'cdback on the CUITent draft document;ltion of the D&D 
methocloll'I.:Y, ','e have been confl'onted h'itli a bit l,f a pilraclox. On the 
onc han,I, lIlany rc\'ieh'cl's havc su'.;gcstcJ that the documentation 
lll'l'd,~ tl' bc S;1l'rtl'l1cd and simplifil'd, I;hil,' on the l,tlll'r h;lnd. tlll'rc al'e 
soml' h'hl' hd\'C ·.'xpr,'ss('d thc' dl'sin~ fer IioOl'C act(dZcd guidcl inC's on 
p;II,ticular aSI", .. ts. Ilcf,)J"(' simi;1y accl'ptird', ,\hl';lhalli Lincoln's dirtum 
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tha t "You can't please aU of the peopIl' all of the time," ICHAF 's 
writers will attempt to l~fr,'ct a I'eason"ble compromise in tl1l' upcoming 
revision process. Our feel in!'; is that blHh dem;ulds need to be 
satisfied, and that is \;hy I;e will attempt to improve the documentation 
without changin~, the CUITent t",o volume dr'aft lJIanual form,lt (short fOI'm 
GuideLines plus )ptional !l'CGOlll'Ces collection). In this ,egal·,J, it is 
pertinent to not,' that the individual users' demand for written 
documentation seems to incl'ease l>lth increasin!'; acceptance of the 
general approach. In the developing COUlltl·y context, I,,.hel'e the printed 
word seems to exert a less dominant influence on th,~ scientific slIbcultul'e 
than in more de\'eloped countries, it may be too optimistic to expect 
first time D&D team membel's to read even the short form GuideLines 
before the field exercise; I,hereas, after' the exercise, once the general 
approach has been grasped and the relevance of the more detailed guidelines 
and resource materials more readily perceived, the demand for more 
detailed documenta 1. ion of the suggested pl'ocedures and ilnalytical tools 
may be expecte.! to l'ise shal"ply. This suggests the primacy of a 

"hands-on" approach to D&D tl'aining, in the first instance, with I.Titten 
documentation playing a secondary, backstopping role. 

Once again, it may be worth pointing out the extraordinary impact of
 
the fieLd cituatiol! on scientists "'ho have previously confined themselves
 
to research stations. For many of them it may be the first time they've
 
really seen a .... illage in terms intimately related to their research
 
concerns. The psychological impact of just being in the village
 
(surrounded by real people with real and unignorable problems) is
 
en.)rmous, but thl' main impact comes ""ith the reali=ation that one is
 
thel'e for' scientificaLLy r·t.![Jpc(~tabLe pw'po,;es which may, in future, be
 
a factol- in the success of one I scarcer. This reaction is often
 
indicated by the somewhat bemused or occasionally stupified expressions
 
one reads on the face of such scientists in the first day 01' two of
 
fieldwork. What a relief it is then to discover, after another couple
 
of days, that the research improving process really isn't that difficult
 
to carry out.
 

Having said that, it must still be acknoledged that there may be a 
tradeoff in any ml,thodology, as in the technology-generation process 
itself, betwecn professional standards of technicaL adequacy and the 
pragmatic standal'd of easy adopcabiL1:ty. IIlhile the lattel' cd tedon 
must be satisfied if a methodology is to have any chance of Iddespread 
adoption by scjentists. compr"omises I,ith respect to the technical 
compl ,'x i ty 0 f the IIIC tlwdo1o!';.r can only be pushcd so fa l' 1.'1. thou t 
endangel'i ng the orelTid ing objective of colving the cOlnpLex Land management 
pl'obL.:lli3 of r'~d'cl~ pi:opL.::. Tile reason these problems have proven so 
resistant to mot'.:- casual 'lI'pl'oitches is that, in m;lny cases, they ~dmply 

Groc rather diffictllt to di;I{!nOS" and solve. It is a bit supel'fielal 
to insist l'n 1.00 much simplicity in methodologies fOI' solving complex 
problems. 

Paradoxically, it oftcn seems to be the repl'csentat i ves of aid donor'
 
orgcmi;;aciOlllJ I,ho al"gue m,'st fOl'ccfully fOl' the 101,el'in!!, of pr'of"ssional
 
stilndan's in order t.o case the 'ldoption of systems TIIethodolo~ics by
 
developing count"y scienti:;ts. These S;lIl1l~ organi=ations have played
 
a major' role in promoting till' !~eneral 1',,1 icy changl's behind the new
 
!'CSe,11"ch-f0l'-,icv,']oplllent "ml''''r:;i,; in lkrcloping COUlltl"i,'::. It ,,'ould be
 
go",1 01' 1. III'Ii' Ill"" t " f,')!0\>' thrC'u!!h I.'i th \"'11 ol"(:,hestl"ated SUpp,'I't for
 
the m"tlwdl'lC":i"s I,hid, h.1H' al'isl'n to mcet thl' more sll'ingl'nt
 
obj,'ct iVL':'; of th,' nel, .",) i,"i,'s.
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The "new professionalism" (Chambers, 1983) demands higher, not lower 
standards of applied scientific excellence. If, in the final analysis, 
methodologies like D&D entail an unavoidable conflict of interest 
between scientists and the people they arc con~issioned to serve, it 
is clear whom we must ask to shoulder the additional burden. In 
thinking about hOlY much room there is for improvement in this regard, 
I am reminded of a developing country scientist who once asked me 
"When is ICRAF going to put out a short description of the D&D 
methodology?" "Out the Guide~ines are only 25 pages," I answered in 
bewilderment. "Ah yes," he said, "but they are A-4 si::e pages!" 
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USE OF MULTIPURPOSE TREES IN
 

HILL FARMING SYSTEMS IN WESTERN NEPAL
 

P.F. FONZEN and E. OBERHOLZER 

A n S T RAe T 

A large number of multipurpose trees and shrubs are deliber­

ately retained and/or incorporated on farms in the subsistence 

farming systems on the steep slopes in parts of Nepal. The 

woody perennials are maintained in contour strips across the 

slopes and around the fields. The greatest contribution 

of these trees is their protective function in reducing the 

erosion hazards and thereby making crop production possible 

in those steep slopes where profitable cropping would other­

wise he extremely difficult. Dased on a case studt i~ two 

villages of the Western Development Region, this paper 

presents some data on basic farm management aspects, 

production of crops and other components, etc. of the 

system. The performance of the system is assessed and 

its merits and weaknesses highlighted in the paper. 

Although the hill farming system extends over quite a large 

area and accounts for a large number of Nepal's population, 

it has not received any research attention nor benefitted 

hy any scientific innovations. Improvement possibilities 

in terms of component technologies as well as farming systems 

including the incorporation of the several locally available 

medicinal plants arc indic~ted in the paper. 

IiI',\' \,'('I'ds:	 ~l'roll. '\I!I'C'f,'r,·st·".\'. 

11111 I til' II I' r" s.' I· I' l' l' S • 

h il I r., nil i n •~ 

erosion ('ontrol,
 

medicinal plants
 



1.INTRODUCTION 

Nepal, located on the southern slopes of the Himalayas, 

extends from the Gangetic plain in the south, and 

occupies one-third of the entire length of the Himalayan 

range. The country has a rectangular shape, approxi­

mately 830 km long (~ast-west) and 200 km broad (north­

south) and has a total land arer of 147,141 km. Within 

this short span of distance arc remarkable altitudinal 

variations which range from a mere 50 m a.s.l. at the 

southern foot hills to well over 8,000 m a.s.l. at the 

northern crest line. The monsoonic pattern which 

indicates the total precipitation of the country clearly 

differentiates the cast Himalayan region with the heavily 

rained forest from its western relatively scanty rained 

dry forest. More than 15 million people of different 

ethnic origin live in this Hindu kingdom. 

Nepal is divided into five administrative units or 

Development Regions, viz., Far Western, Mid Western, 

Central and Eastern Regions. This paper is b~sed on a 

survey of existing agroforestry systems of the hills 

of the We~tern Development Region. However, among the 

different Development Regions, there arc many similari­

ties in terms of land-usc patterns and socio-economic 

characteristics, the site-specific variations being 

brought about by local faL :ors such as aspect of slope 

(north- or south facing), foot hill (deep soil) vs 

hill-top (shallow, poor soil), altitude, etc. There­

fore the system/practice described here can be taken as 

fairly representative for over 50 percent of the area 

of Nepal. 

2. GENERAL DESCRIPTION OF THE AREA 

The h' (' s t l' '" n nl' I!. i (l n (' x ten d 5 f I" (I m t h (' T\' I" ail (l wI it nd (1 SO In) 

t (l t. h l' Him a 1n )' a s (A /1/1 a pilI' nn, 11 h a u I n.d I" i - S I 72 m). Th \' 

\ )
} 



2 

system described here arc found in 500-2500 m altitude 

range. The climate is warm temperate with heavy monsoon 

rain~ between June and September, when 80-90 percent of 

the annual rainfall is received. The total quantity of 

rain varies widely depending on altitude and topography, 

ranging from 1000 to 2000 mm per annum in areas of about 

1000 m altitude. 

The soils, developed from a complex jumble of phyllites, 

shists, qual"tzites, granites and limestones arc generally 

poor for agriculture. They are deeply weathered, 

containing only little organic matter and having a very 

low capacity to retain moisture and nutrients. In 

addition, they are prone to serious erosion hazards if 

not managed carefully: an annual soil loss of more than 

12t ha-'\r-J 
, equivalent to 0.8 mm of the top soil, has 

been estimated (Tinau Watershed Project - TWP Management 

Plan) . 

Climax vegetation also varies according to altitude and 

topography: in the lower sites (less than 1000 m) mix~d. 

evergreen, broadleaved forests of the Shorea robusta­

type prevail; at higher elevations, broadleaved or pure 

coniferous forests are found with Pinus roxburghii as 

FIG. 1	 the predominant species. Fig. I shows the relationship 

between altitude, ecology and land use patterns. In 

general, the steeper the slopes, the more the proportion 

of forests preserved; the higher the rainfall, the more 

the agricultural activity. Data on land use pattern for 

Palpa District of Western Region show the following figures: 

irrigated	 (~~~!) land - 6.2% 

non-irrigated (~~~!) land - 26.0% 

grassland - J.2% 

f II res t - .\ 7 . 7" 

scruh and	 hush - 24.4~:: 

o the (" f 0 1"111 S 0 f 1 iI nd usc - 2. 5% 
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An eye-catching characteristic of the foothills and 

gentle slopes is the terraces dug with untold difficulty 

by the farming families. Slopes too steep for terraces 

show a dense network of tree strips with sloping fields 

in between. Communal grazing land is also found on land 

of low productivity but close to villages. Very steep 

slopes, tophills and areas away from settlements are 

stocked \dth forests most of which have been highly 

FIG.2 degraded. Fig. 2 gives a general view of the landscape. 

Despite its relatively inhospitable conditions, the area 

i s den s ely pop u1ate d, \;1 thin 0 ret han I 00 pel's 0 n s per k10 "­

and an annual population growth rate of more than 2.5 
percent. Ninetythree percent of the people have to make 

their livelihood from agriculture and related activities. 

The agroforestry practices that are commonly found in the 

area are use of shrubs for live fences around farmlands, 

pasture (grazing) in forest area and use of strips of 

multipurpose trees ani shrubs around moderately-sloping 

(20-30 percent slope) fields. This last-mentioned 

practice of incorporations of multipurpose trees and shrubs 

is the subject of further description in this paper. The 

data presented here are based on a case study conducted 

by E. Oberholzer in two representative villages in Palpa 

Distdct, 

3. STRUCTURE OF THE SYSTEM 

The main components of this land-use system are field crops, 

trees/shrubs and animals. 

3.1. ~!.:£E2. 

Major crops are maize (Zea mays). various pulses (PhaseoLuB 

spp., Vigna unguicuLata. GLycine max.ctc.), ringel' millet 

(t:Zellsil/c corllc(/I/C/). \'\'!!.('t;tbll·S, I"ap(' seed ([II'(/:::;£C(/ naplln). 

\~ h (';1 t. (:'r £ t. i C UII/ a (!:: I. i v /lin). b" 1'1 (' Y (I.' 0 r d e u m s p. ). and 
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buckwheat (Poygonum sp.). Around the houses, various 

vegetables and banana are grown, mainly for household 

consumption. 

Several trees and shrubs can be found on the farmlands 

(terraces). Host of 'them \~ere not planted, but deliberately 

preserved/retained when the terraces were built. The 

species found most commonly on farmlands are listed in 

Tabll' l, of \,'hich the first ten species constitute /"oughly 

two-thiJ"C!s of .,11 such I"oody pel"ennials. Evidently these 

a I" e the s pc cit;:; t hat a I' cpr c f e /"/" ed by the far mer s for 

their multiple outputs (fodder, fuel, fruits, timber, 

fence posts, etc.). 

In addition to these trees and shrubs, public (communal/ 

governmental) forests and grassland in the vicinity 

provide 30 percent of the fodder requirements and 70 

percent of the firewood needs of the villagers. 

.1.3. Animals 

The Table below indicates the average number of livestock 

per household: 

No 

COh'S 

Oxen 

She-buffaloes 

lie-buffaloes 

GOil ts 

Pigs 

1'0 ul t I" Y 

1 .4 

1.3 
1 • .1 

0.1 

2.6 

1.6 

5.8 

manure milk, religious 

draught, manure 

milk manure 

drau/!,ht, manure, meat 

mea t, manu re 

meat 

eggs, meat 

needs 

In ilddition tn these uses. the animals arc also 

sol din tim \. ,~ l' f cas h nee d s . 
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The cropping systems are different in the non-irrigated 

(~!!!) and irrigated (khet) lands. The cultivation on 

the sloping ~!!! land is very labour-intensive. Maize 

is the most common summer crop, and it is grown as a 

sole crop or in mixed/relay cropping sequences. On the 

irrigated (khet) lands, one crop of rice is cultivated 

as a sol~ crop. After the harvest of rice, wheat is 

grown as a winter crop on about 20-40 percent of the 

FIG.3	 area. Figure 3 presents the cropping pattern and cropping 

intcnsity of the bari and khct lands of the Tinau Watershed 

Project al'ca. 

Trees and shrubs are gruwn usually in strips of 1.5 to 

6 m width along the boundaries of the fields, and the 

strips arc spaced about 25-30 m apart. Thus there are 

about 400 running metres of tree strips of varying width 

per hectare, covering roughly 10 percent of the land 

FIG.4	 al'ea (Fig. 4). 

3.5. 

The intimate association b~tween the components of the 

system results ~ ~teractions, both positive and nAgative, 

in both space and time. The direct interactions involve 

those between tree strips and field crops (soil conser­

vation, shading by trees on adjacent rows of crops), 

fodder trees and animals, cattle (manure) and crops, etc. 

One of the main competitivc interactions is the use of 

grass for thatching vs for cattle feed. Then there are 

cyclic interactions involving the use of crop residues 

fOl' soil pl'otection and fel'tillty huild-up. Out the most 

significant interaction effect between trees and crops in 

the system is that the whole system of farming on these 

hills with slopes up to 40 perc~~t works only due to the 

~ xis ten (' e 0 fro n t 0 u I' S t " ips 0 f t r e e s ,~n d s h r u h s . The s e 

Ill' ton I y pI' 0 t. l'l' t t hI' S II i 1 f ,'0 III 1'1''' S i I'll, hut. a Iso p I'l' \' ide 

t. h I' mu(' h -111' l'd (' Ii f (l Ii Ii l' ". f i ,. (' \~ 0 (HI. ill1 d f (' n (' (' r" s t san d 

ot.her types of farm tilllh('r. The far mel's a I' eve I' yaw ,I r e 
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and appreciative of these positive interaction effects 

of the woddy perennial strips so that they reconcile to 

the negative interaction effects (shading and consequently 

lower yields of crops ncar tile trees, damage to young 

crops by dripping of large drops of rain from the over­

storey trees, etc.). 

4. SYSTEM FUNCTIONING AND DYNAMICS 

Some of the basic farm management data are given below: 

- average number of members per farm hDusehold:
 

6.~ (2-10), of which 2.8 are below 15 years
 

of age
 

- land available per household: 

private agricultural land: crops 0.60 hal 

grass 0.15 ha) 0.75 ha 

private tree strips 0.09 ha 

common grazing land 0.15 ha 

forests (communal, governmental) 0.55 ha 

- yearly labour input per household: 900 man days (m.d.) 

for agriculture 450 m.d.
 

for animals 150 m.d.
 

for water and firewood collection,
 

food preparation etc. unknown but
 

steadily increasing; estimated 300 m.d.
 

- manure produced by stall-fed animals, 
-1 -1equivalent to 35 kg N Ila yr ,is
 

distrihuted on the fields;
 

- no chemical fCI'tilizel's: 

- nDot hC I' \' X t CI' n;1 J i n put s . 
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Usually all fal"m pl"oduction is for home consumption only. 

The market facilities are poor; the quality of the 

produces is also poor compared to that of the products 

from the tcrai flatlands. Therefore, there is practically 

no sale of produce outside the village. 

Usually all able-bodied persons work on the household 

farm especia£ly at times of peak labour requirement such 

as sowing season. Moreover, it is also a common practice 

for the neighbouring families to help mutually in farm 

operations. All work requiring hard physical labour is 

done by men. DUI"ing Idnter when thel"e are practically 

no agricultural operations on the farm, there is a 

considerable extent of unemployment, when some men look 

for out-of-the-farm johs. 

About 10 percent of the households earn money by non­

farming occupations such as carpentry, tailoring, handi­

crafts, etc. 

4.2. Production 

The average yields of agricultural crops are: 

Haize 899 kg/ha 

Idlea t 637 kg/ha 

millet 206 kg/ha 

rapeseed 186 kg/ha 

At an average of 6.4 members per family, these figures 

amount to an annual avel"age of 90.9 kg of cereal grain 

p I' 0 d uc t ion per cap ita. The a vCI' age con sum p t ion 0 f 

,"cr"eals pCI' capita is 130 kg/year; thus there is a 

deficit of about 40 kg cereal grain per capita annually. 

This deficit is covered mainly by rice produced in the 

I' I ;, j n s ;1 nd f 0 () t h i I Is. Ii h i (" his Pu I" (" II 11 sed by (" 11 S hob t 11 i ned 

,. "() 111 I II (' .~ a 1I' 11 f 11 n j m11 Is" rae (' I' Ucd hy way 0 f Wit g CS when 

tire farmel' wOI'I<s C')sC'whC'rl' as a paid Llbour"er. 
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Table 2 indicates the f~oder supply and demand position 

TAilLE 2 in the two villages of the study area. The Table 

indicates that the total production is less than the 

total demand. The deficit is met mainly by collecting 

fodder from distant areas. Dut it is also common that 

the animals arc under-fed during the dry season. 

4.2.3. Fire,~ood 

Each family farm has about 300 running metres of tree 

strips with 300-400 trees on them According to the 

farmers interviewed, these trees provide firewood for 

the family for about 4 months of the year. This figure 

sounds reasonable if we assume a mean annual consumption 

of 0.7 m3 of firewood per head, and an average 

extraction rate of 17 3 m -1ha -1 yr For the rest of 

the year, firewood is collected from the public forests 

around. However, since the growth rate in the public 

forests is very low (about 3 m3 ha- I yr­ 1 ), these 

public forests arc subjected to rapid degradation and 

overexploitation as can be seen from their depleted 

appearance allover the country. 

A few poles and timber needed to build and maintain 

houses and for other farm uses arc easily obtained from 

the trees on the contour strips. Some 10 percent of the 

families keep honey bees in log hives producing small 

amounts of honey and wax, which arc used for household 

consumption only. 

r: I" (' 111 t h (' f 01" (' /!. 0 i n I!. d I' S (" " i p t. i Oil S. j tis (' v j d (' n t t hat t his 

is a purely subsistence system on which practically no 

improvement has been made ov('r the past several decades. 

It is likely to break down fast because of pressures of 
\.< ,
\1.) J 



9
 

population increase and a myriad of consequent problems ­

such as fragmentation of holdings, extending farming to 

marginal areas and forests causing more soil erosion and 

greater firewood shortage, overgra=ing of pastures, 

decline in soil fertility and crop production level and 

so on and so forth. In short, the weight of all these 

factors is destroying the very basis of the improvements 

in land use. Even now, many people from the hills are 

migrating to the terai flat lands where new land suitable 

for agriculture is still available. However, this 

possibility will run out soon. 

4.4. Overall Performance Assessment 

This low-input, integrated production system has been 

functioning for quite some time, though at low production 

levels, primarily because of the existence of the 

hori=ontal contour strips of trees. The greatest 

contribution of these trees is their protective function 

in reducing the erosion ha=ards and thereby making 

crop production possible in those steep slopes where 

farming would otherwise be impossitle without having 

extremely expensive and therefore unaffordable terraces 

and other physical meilSUl'es of soil conservation. 

However, it has to be emphasized that these tree strips 

cannot often stop the erosion completely, but would 

only reduce the magnitude of erosion and/or improve the 

efficacy of the physical soil conservation devices. 

The rainfall distribution pattern is so unsatisfactory 

that much of the total annual rainfall, which is 

reasonably high in several places, is received in a 

short span of time from July to September. This not 

only aggravates soil erosion, but also makes crop 

growth impossible without irrigation during eight 

months of a year. 

Thc hill farmine, systl'm is il thol'oughly neglected 

s y s t l' m. II 1 tho u /!. hit ext end s 0 ve r qui ten 1n r g e 11 r e n 
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and accounts for the sustenance of a large number of 

Nepal's population, it has not received any scientific 

research attention worth mentioning. As a result the 

system has continued without any positive change or 

technological innovations for the past several decades, 

and the poor farmers continued to become poorer and 

poorer as their numbers kept on increasing. 

The important elem~nt of the system that can be extra­

polated to other areas with similar problems is the 

use of multipurpose trees on such steep areas for 

erosion control and production of multiple outputs. 

Areas that are rated as unsuitable for sustainable crop 

production because of erosion problems will increasingly 

be brought under the plough to cope with the increasing 

population pressure, and then systems like this could 

serve as field examples where the concept of integrated 

agroforestry systems have been translated into practical 

possibilities. 

5. IMPROVEMENT POSSIllILITIES 

Two sets of possibilities can be visualized for the 

improvement of this system. First, the improvement 

through component technologies and secondly innovations 

in farming systems. 

5.1. ££~E£~~~!_!~~~~£!£~~~~ 

A significant sign of improvement that has become evident 

in the recent past is that young, literate farmers 

majority of the older farmers are illiterate have 

begun to be interested in better inputs such as improved 

crop varieties, improved breed of cattle, better fruit 

trees and vegetables for marketing, use of fertilizers, 

etc., and these efforts have shown substantial improvement 

possibilities. Several arms of the extension machinery 

C'f !lis HiI.iC'st)"s l~()\'cl'nlllcl1t C'f Nl'I'i11 ill'e nOI,' 1,'C'I'king in 

thc al'eil. These inl"llIdc a~I'icllltural development offic('I'S, 

livestock and veterinary officers, forest officers, 

agricultural development bank that gives credit facilities 
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on favourabJe terms, and so on. 

Elements of improved farming systems will include use 

of more fruit trees and incorporation of a variety of 

multipurpose trees in the contour tree strips. 

Apiculture also has a good potential in the area. 

Intercropping of medicinal plants with the tree species 

also seems to offer a viable possibility especially in 

areas that arc very unsuitable for food crop production. 

The special report "Hedicinal Plants of Nepal" 

commissioned by the Food and Agriculture Organization 

(FAD) of the United Nations (Halla, 1982) gives a 

good account of the medicinal plants, their uses, 

availability and potential role in farming systems 

and community forestry programmes. Some of these 

medicinal plants have already been mentioned as 

components of the farming system of the study area 

(Table I). 

,\{) , 
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Perennial plants in contour strips on farmlands in 
Table 1 Wcfttcrn Nepal in the order of their occurrence. 

.....------------­ ------------------------
Local name 

1----------­
Kutmel'o 

botanical name 

Litsea poLyalltha 

type 

tree 

main usc
-------_._------------1 
fodder, fuel (timber) 

Dabdabe Caruga pimJatCl tree fodder, fuel (timber) 
Keraa(banana) Musa spp. tree fruit, mulch 
fierulo Ficus cLavata slll'ub fodder' 
Chilaune Schima waLLichii tree fodder, fuel, timber 
Kanyu Ficus semicordata tree foddel', fuel 
Assuro Adhatoda t;.1sica sllr'ub live fence, erosion control 
Sal Shorea robusta tree timber, fodder, fuel 
Gidari Premna spp. small tree fodder 
fiadahar Artocarpus Lakoocha tree fodder, fruit, fuel 
fians DendrocaLamus strictus tree fodder, fuel, timber 

Arundinaria spp. tree fodder, fuel, timber 
13ambusa spp. tree fodder, fuel, timber 

Fosro Crewia spp. tree fodder, fuel 
Thotne Fi:Jus hispida tree fodder, fuel 
fiilaune Maesa chisia tree fodder, fuel 
Khirro II/right ia allt idysenterUxl small tree live fence 
Hayel Pyl'US pashia small tree fuel, timber, live fence 
Koiralo Bauhillia variegata tree fodder, fuel, fruit 
Aap (mango) Mangifera indica tree fruit, fuel 
fioklimho Rhus javanica tree fodder, fuel 
Oelaunti (amba) Psidiwn guajava tree fruit, fuel 
Arhu P",mus persica tree fodder, fuel 
Rohini MaLLotus phiZZippillensis tr'ee fodder, fuel 
simal SaLmaLia maLabal'ica tree fuel, timber, spice 
Kaulo MachiLub gambLei tree fodder, fuel 
Dhalai Castanopsis indica tree fodder, fuel, timber 
Gaelo CaLLicarpa arborca tree fodder, fuel 
Kiloa Tinospora maLabarica small tree fuel 
Dalchini Cinnamon spp. tree spice, fuel 
Anghero Pavetta indica small tree fuel 
Paingyo Prunus cel'astoidas tree fodder, fu~l, timber 
Amilo Berchemia fLoroiblmda tree frui t, fuel 
Khamal'i CmeLilla al'borea small tree fodder, fuel 
Kimbu Morus aLba tree fodder, fruit, fuel 
Oakaino MeLia azedarach tree fuel, fodder 
Kabro F1:cus Lacor tree fodder, fuel 
Darim Pullica granatum tree fodder, fuel 
Gajyo BrideLia roetusa tree fodder, fuel 
Amaro Antidesma diandroum shrub fuel 
Jamun Syz igium spp. tree fodder, fuel 
Lankuri Fraxinus fLoribunda tree fuel, timber 
AnkhatarvI,a TrichiLia cOllnaroides tree fodder, fuel 
Chuletl'o 13rassaiopsis hainLa tree fodder, fuel 
Naspati Pyrus serootilla tree fruit, fodder, fuel 
Ilal'ahmas NeroilJm odol'um small tree fuel, sacrificial value 
Ilhal'lo Bauhinia vahZii tree fodder, fuel 
Khar'i CeLtir, alwtraLis tree fodder, fuel, timber 
Allru baldladaa Prounun domestica tree frui t, fuel 
Ilalayo Rhus succedanea tree foddel', fuel 
Pha1edo Eroythl'ina varoiegata tl'ee fodder, fuel 
Chi uri Bassia butyroacea tree fodder, fruit 
Nemaro FiClm roxburoghi 1: tree fodder, fuel 
Ilohori Zh:ipllllS jlJjubn tree foddel', fruit 
Ka fill MOI'/In /:nd/:c(J smilll t rN' fruit. fu('1 



TABLE 2 

ANNUAL PRODUCTION AND DEMAND 

OF FODDER IN THE TWO VILLAGES 

OF THE STUDY AREA 

PRODUCTION 

Agricultural by-products 

- wheat 
- maize 
- millet 
- other 

Privately owned trees 
(contour strips) 

Private grassland 

Forests (government, communal) 

Common grazing	 land 

Total 

TOTAL DE~lAND 

TOTAL DEFICIT 

Village 1 

tons %of 
TDNlf total 

demand 

28.8 14 

85.9 41 

3.0 1 

49.6 23 

5.7 3 

173.0 82 

211. 4 100 

38.4 18 

Village 2 

tons %of 
TDNlf to tal 

demand 

13.2 7 

101.6 58 

4.2 2 

43.6 25 

6.3 4 

168.9 96 

176.7 100 

7.1 4 

* TDN = Total Digestible Nutrients 

Basis of calculation 

nLU - llig Livestock Unit 
1 cattle - 0.80645 llLU 
1 buffalo - 0.86666 llLU 
1 goat/sheep - 0.06 nLU 

of 300-400 kg live weight 
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Fig. 1.	 Interrelationships between altitude, mean annual 

temperature nnd land usc limits in Western 

Development Region. Nepal. 

Fig. 2.	 Photograph giving a general view of the landscape 

of the study·oren. 

Fig. 3. Cropping pattern and cropping intensity on bari 

(non-irrigated) nnd khet (irrigated) lands in 

\~esterl1 Nepnl. 

Fig. 4. Photograph showing the arrangement of multipurpose 

tree strips. 
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PARAISO (~lELIA AZADARACH VAR. "GIGANTE") WOODLOTS: AN AGRO­

FORESTRY ALTERNATIVE FOR THE SMAll FARMER IN PARAGUAY
 

by 

P.T. EVANS AND J.S. ROMBOlD 

ABSTRACT 

This paper describes the salient aspects and analyses the potential 

of the "Paraiso Woodlot" System, which is becoming popular as an 

agroforestry alternative to land use in the degraded acid sandy soils 

of the humid sub-tropical Guayaybi area of Paraguay. The system con­

sists of a combination of paraiso (MeLia azedarach var "gigante") with 

other trees, especially Leucaena ZeucocephaZaJ and annual crops. 

The fast growth habit, deep root system, addition of large quantities 

of organic matter through leaf and litter fall, compatibility with 

agricultural crops, high value of the ~awlogs and production of sub­

stantial quantities of poles and firewood make paraiso·an excellent 

species for agroforestry combination. Preliminary results of the 

trials indicate that the "woodlots" are successful and with increas­

ing efforts of the extension agencies, they are being accepted as a 

viable alternative to traditional agricultural systems. 

Besides discussing the potential of these "woodlots" based on initial 

results, the paper identifies the constraints of the system and high­

lights the priority research areas. 

Key	 words: 

Agroforestry, Farm woodlots, leucaena, Paraguay, Paraiso 

(MeZiu azedarach) 

)~ 



1. INTRODUCTION 

The Paraguayan Agroforestry Extension Project is a cooperative effort 

between Paraguayan national agencies and international technical assis­

tance organizations. Initiated in June 1981, the project aims to better 

address the problems of rural farmers in Paraguay, by introducing new, 

more sustainable systems of land culture. 

The most promising system developed by the project is a mix of "paraiso" 

(Malia azedaraah var. "gigante") with other trees and annual crops and 

is popularly known as "paraiso woodlots". Where well-tended, the paraiso 

woodlots have performed with excellent results. With increasing popular 

acceptance through the efforts of the extension agencies, the woodlots 

seem to be establishing themselves as a viable alternative to traditional 

agricultural practices. This paper describes the salient aspects and 

projects the potential of paraiso woodlots as an agroforestry alternative 

to land use in Paraguay. 

2. GE~ERAL DESCRIPTION OF THE AREA 

2.1. Geographical Location 

The longest established paraiso woodlots are located in the Department 

of San Pedro, in the locality of the town of Guayaybi (240 S latitude, 

560 Wlongitude). This area was first settled 20 years ago by small 

famers moving from older, more crowded regions. With no electricity, 

running water or paved roads, Guayaybi remains a simple, undeveloped 

area. 

2.2. 8iophyshical Environment 

Guayaybi lies within the Paraguay River watershed. The topography is 

gently rolling, with almost flat valleys drained by slow-moving rivers. 
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The average elevation ranges between 200 and 250 m. 

2.2.1. Climate 

Guayaybi has a humid, sub-tropical climate. The annual rainfall 

averages 1500 nm and is well-distributed throughout the year. Much 

of the precipitation occurs as intense downpours. The yearly tempera­

tures in the area average 24 0 C. Frosts are variable; some years are 

trost-free and others have several or more light freezes, the average 

being two frosts a year. 

2.2.2. Soils 

The soils in the area are sandy red-yellow podzo1s derived from 

Triassic and upper Permian red sandstones. Most Qf the soils are 

acidic sandy loams with a variable clay fraction and pH in the range 

of 4.2 to 6.5. Soils of the areas that have been cleared for agricul­

ture are more acidic, have a lower percent organic matter content and 

are more extensi vely leached than corresponding soils under forest 

cover. Bedrock is encountered at depths of 15-25 m. 

2.2.3. Vegetation 

A tall, humid, semi-deciduous forest forms the climax vegetation of the 

Guayaybi area. This forest contains many hardwoods highly valued for 

their quality lumber. Scattered emergent trees, such as tajy (Tabeo!tia 

ipe), yvyra-pyta (PeZtophorum dubium) and kurupay-kuru (Anadenathera 

maaroaarpa) rise above a layer of co-dominant species, characterized by 

guatambu (BaZ[oul'dendron riedeUanwn), laurel (Oaotea spp.) and yvyra­

pepe (HoZoaaZyx baZwlsae). The understory is dense and woody. 
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2.3. Landuse Systems 

2.3.1. Agriculture 

The lands around Guayaybi are owned by small farmers. Most of the farms 

in the area are 10-20 ha in size. The farmers practice agriculture at 

a rudimentary level. They cultivate maize (Zea mays), groundnut or 

peanuts (Arachis hypogea) , cassa va (Nanihot escu'Lten tal J beans (Phaseo'Lw 

vulgaris) and bananas (Nusa spp.) for their own consumption or to sell 

locally. In addition, cotton and tobacco are planted as cash crops for 

export. The families depend greatly, but not entirely, upon their 

farms for subsistence. So~r orange (Citrus aurantium) is grown in 

plantations for a fragran'; oil used in perfumery. 

Typically a form of slash-and-burn agriculture is used. To start, 

forested land is divided into lots. Each farmer periodically clears 

a portion of his lot and plants cotton or tobacco as the first crop 

on the new land. These crops grow well for 2-4 years; thereafter their 

yields decline sharply. Subsistence crops are then planted on such 

"old land" and more forest is cleared to plant cash crops. Eventually 

when the cash crops will have to be planted on the leached, nutrient­

depleted soils which had long since had their forest cover removed, 

the farmer either sells his land at a low price and rroves to a new 

area, or stays, faced with the prospect of steadily dwindling crop 

yields. 

Each family has a small number of pigs, cattle and chickens. Pigs are 

fed table scraps and allowed to root in the fields. Cattle are crowded 

on small over-used pastures. They gain weight slowly on forages high 

in roughage, low in protein and insufficient in quantity. Milk yields 

are low. Chickens yield small amounts of meat and eggs. They graze 
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around the houses and occasionally are thrown some corn, but are 

otherwise left uncared for. 

2.3.2. Forestry 

Thirty percent of the Guayaybi area is covered with natural forests, 

the rest having been cleared for agriculture. In the 1960·s this forest 

was selectively cut. The valuable species, such as tajy {Tabebuia ipe}. 

peterevy {Cordia triahotoma}. yvyara-ro {ptenogyne nitens} and cedro 

{CedreZa tuhifZom} were rerroved. The remaining forest contains species 

for which there is 1itt1~ or no market outside local use. For this 

reason the cut-over forest is not valued. There are few industries 

based on wood products from the natural forest in Guayaybi. 

3. STRUCTURE OF THE PARAISO WOODLOT SYSTEM 

Drops in productivity to as little as a half to a third of what was 

harvested previously indicate agriculture, as currently practised in 

the area, is not sustainable in the long term. This drop in prl'duc­

tivity is primarily due to soil and climatic conditions ~hat predispose 

the land to fertility loss after deforestation: 

- the sandy soil is readily leached; 

- organic matter, abundant in the natural forest soils, 

diminishes rapidly after forest clearing; 

- intense, erosion-causing rains are comrroni erosion 

losses range from 30 to 100 t ha-1 of soil or even more. 

In an effort to rebuild soil fertility and use their degrarled lands 

famers are turning tO~lards agroforestry (paraiso woodlots) as a land 

use a1terna ti ve. 
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3.1. Componen ts 

3.1 .1. Crops 

Common subsistence crops grown in the woodlots include bananas (Musa 

spp.), beans (PhaseoZus vuZgaris). cassava O>tanihot escuZenta). maize 

(Zea mays) and groundut (Arachis hypogea). Vegetable crops for urban 

markets are also sometimes grown, such as onion (AZUUitl cepa). bell 

pepper" (Capsiaiwn anmun). t oma to (LycopeI'sicon escuZentwn) and wa ter­

me 1on (Ci tl'U ZZus vu ZgaI'is) • 

Crop management consists primarily of weeding with a hoe. Two crops 

are grown each year: one in early surrmer and another in the fall. 

Groundnut, pepper, tomato, onion and watermelon are early crops. Maize, 

beans and cassava are grown year-round except in the cold monts (June­

August). Beans are often grown in combination with cassava and/or maize. 

3.1.2. Trees 

Paraiso (MeUa azedamch var. "gigante") is the main tree component of 

the system. It is a fast-growing exotic with an erect growth form. 

Little shade is cast by the crown. Paraiso prodL:ces an attractive wood 

that can be used in furniture making, plywood, veneers and interior 

carpentry. 

- Planting. Paraiso is planted as a bare-root stump. The 

planting site should be freshly ploughed. A crop is planted 

between the tree rows and the trees are kept weed-free through 

the periodic weedings done for the crop. 

- Pruning. The tree require pruning for the first two years, 

enough time to develop a limb-free 6 In bole. 
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- Thinning. Paraiso is shade-intolerant and should be maintained 

at low densities for fast growth. At a 4 x 3 m spacing at 

least two thinning will be required: first in year 5, and next 

in year 8, 50 percent of the trees being removed with each 

thinning. 

- Harvest. In 12 years, 200 trees will be ready for harvest, with 

an average DBH of 40 cm. All the trees may be harvested at this 

time, or 50 percent may be removed and the remaining trees harveste 

in year 15, with an average DBH of 50 cm. 

Leucaena (Leucaena ZeucocephaU2 var. K-67, K-28 and Cunningham) is also 

planted to produce forage, firewood, posts and poles. Leucaena has 

failed to nodulate in the Guayaybi area, probably due to high soil 

acidity. Nonetheless, it grows well. 

- Planting. Leucaena is planted as a bare-root stump, either 

inter-mixed with paraiso or in separate rows. 

- Pruning. If the Leucaena is to be used as posts or poles it 

is pruned for the first 4 years. If it is to be used as 

forage the top is cut-off periodically at 1.5 m. 

- Harvest. The Leucaena is harvested on an as-needed basis for 

firewood, posts and poles. 

Peterevy (Cordia trichotoma)J timbo (EnteroZobiwn contortisiZiquwn)J 

yvyra-ro (Pterogyne nitells) and yvya-pyta (PeZtophorwn dubiwn) are 

native hardwoods valued for their high quality lumber. Timbo and 

yvya-pyta fi x nitrogen ane: are good soil improvers. All produce 

posts and firewood as secondary products. 
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- Planting. Plant as bare-root stumps, either intermixed with 

the paraiso or in separate rows. 

- Pruning. The native species (with the exception of peterevy) 

grow with poor form. Constant pruning is required to insure 

the formation of a single trunk. The paraiso overstory, once 

formed, \~i 11 shade the na ti ve ha rd\~oods, 1 nduci ng superi or 

growth form (but s lowe r growth). 

- Thinning. Trees with poor form or slow growth should be thinned 

out. 

Harvest. The native species should be of harvestable size (40 cm) 

in 25-35 years. 

Verba mate (IZex paraguaPiensis) is a small, shade-tolerant evergreen 

tree. The leaves and small branches are dried, ground-up and used to 

make a mildly stimulating tea (terere, the national drink). 

- Planting. Verba mat€ should be raised in containers and 

planted during winter one year after the paraiso has been 

established. 

- Harvest. After 5 years of growth yerba mate is ready for its 

first harvest. The foliage and twigs are cut, leaving the 

trunk and larger branches. Trees are harvested once every 

two years and harvest continues for about 30 years. 

3.1.3. Animals 

On an average, each farm supports an average of six heads of cattle. 

Of these, two are oxen used to work the fields and haul the produce 

to market; two are milk cows; and the remaining two are young 

animals. The cattle -- unimproved crosses between zebu-type and 
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European breeds -­ are not good producers of meat or milk, but are 

resistant to the diseases and are adaptable to the local climate. 

3.2. Arrangement of Components 

The arrangement of the woodlot components is flexible; it varies 

according to the needs of the farmer. Two combinations will be ex­

plained in detail: 

3.2.1. Paraiso with yerba mate' and bananas 

- Year 1. Paraiso is planted at 4 x 3 m spacing. At the same time 

4 rows of groundnut are planted between the paraiso rows, to be 

followed by beans. 

Years 2-4. Yerba mate is planted in the paraiso rows in the second 

year at 3 m spacing. Maize, beans and cassava are planted between 

the tree rows. 

Years 5-14. One row of bananas 

3 m between each banana plant. 

is planted in the fifth year with 

Paraiso can be cut in year 1. 

- Year 15. Final harvest of paraiso for sawlogs. 

FIGURE 
FIGURE 

lA 
lB 

Schematic presentations of this arrangement in years 1 and 7 are given 

as Fig. la and lb. 

3.2.2. Paraiso with Leucaena and Timbd 

- Year 1. Rows of paraiso are planted 3 m apart from rows of Leucaena 

(var. K-67) mixed with timbo. Trees within the paraiso rows are 

spaced 3 m apart, trees in the Leucaena rows are spaced 2 m apart. 

Three rows of groundnut are planted between the trees, to be folln"'ed 

by beans. 
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- Years 2-3. ~laize, beans and cassava are planted between the 

trees. 

- Years 4-14. Grass is planted and 2 heads of cattle/ha are allowed 

to graze the woodlot. The Leucaena is harvested as needed for 

forage, posts, firewood and poles. Harvest of paraiso for saw10gs 

can be started in year 12. 

- Year 15. Final harvest of paraiso for sawlogs. The primary component 

of the woodlot is now timb6. 

FIGURE 2A Figures 2a and 2b show the schematic pattern of this combination in 

FIGURE 28 years 1 and 7. 

3.3. Interaction of Components 

The most readily observable interaction is competition for light between: 

- Trees and weeds. Paraiso's growth is stunted when weed competition 

is intense. Growth is more than double when a crop is planted between 

the tree rows and the field is kept free of weeds. 

- Trees and crops. In the first year, a tall, fast-growing crop such 

as maize will shade the paraiso and slow its growth. Later, when 

the trees are taller, the opposite occurs and it becomes no longer 

possible to plant sun-loving crops. 

- Trees and trees. If al1O\~ed to become too dense, paraiso's growth 

is slowed. Likewise, without periodic thinnings of the paraiso 

oVf'rstory, little light reaches the intermediate layer of leucaena 

and native hardwoods (if these components were included). 

Thus, it is important to carefully plan spacings and thinnings to 

optimize the performance of the system's components. 

'" ~" 'j \ 
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Another important interaction is the amelioration of the environment 

by the tree overstory. Frosts, high winds and intense solar radiation 

are mi ti gated to some extent by the crowns: 

- the partially shaded bananas have a lower incidence of sigatoka 

rCercospora musae) disease; 

- under shade. yerba mate grows better than when in full sunlight; 

- cattle grazing beneath the overstory are less stressed by heat; 

- crops (n-elon, tomato, pepper. etc.) interplanted with trees are 

protected from 1ate frosts and can be planted earl ier. 

Other interactions include the production of forage for cattle and of 

nectar for bees (if a bee component is included). 

4. SYSTEM FUNCTIONING 

4.1. Resource Input and Utilization 

4.1.1. Land 

The size of the paraiso woodlots ranges between 0.25 and 2.0 hectares. 

with and average of about 1.0 ha. Thirty seven families in the 

Guayaybi area have planted woodlots in a land area of about 35 hectares. 

These families have bought lands from the government and are full owners 

of their farms. The average population density is 0.7 persons/ha. 

This population density is currently increasing. due to immigration 

from older areas and a high birthrate (4.1%). In the future it is 

expected there will be a diminution of fann size from the current 

average of 12 ha/family to about 7 ha/family as land holdings are 

subdi vi ded. 

f\ \ 
',_ ~ t. 

\' 
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4.1.2. Capital 

Only a small capital expenditure is required. Trees are sold at 10 

guaranies (100 guaranies = $0.30 U.S. dollars in t·larch 1984) a piece. 

All technical assistance provided by the project is free. 

4.1 .3. Labour 

The largest investment is the labour required to establish and maintain 

the plantation. To plant one hectare, the following labour inputs 

(mandays) are required: ploughing - 2; tree planting - 2; sowing of 

crops - 1; weeding/ho~ing (four times) - 16; pruning - 2 days the first 

year and 3 the second year. 

4.2. Pattern 

In Paraguay agroforestry activities are best undertaken during the cool 

months (May-September). During this period there is little work to be 

done in the fields. Also, during the winter, trees expe.rience less 

stress after transplanting. From October to April the fanners are busy 

planting, tending and harvesting their cotton and tobacco crops. 

Seeds are collected inside the country and are distributed free to the 

agroforestry extension nurseries. Trees from these nurserirs are then 

sold at a low price to interested farmers. All traction power is 

supplied by oxen. Pesticides are sometimes used on vegetable crops 

intended for the market. Fertilizers are not used because of their 

high cost and limited availability. 

4.3. Producti Ol! 

Though no accurate data is available on the yields of agricultural 

commodities from the paraiso woodlots, estimates indicate that a paraiso 

, i , 
'-" \.. 
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woodlot (4 x 3 m spacing), underplanted with bananas and yerba mate, 

will have produced 4 m3 ha- l of posts, poles and firewood and 176 m3 

ha-1 of saw10gs by year 15. A woodlot of paraiso ( 3 x 6 m spacing) 

mixed with Leucaena and native species, will have produced, by year 15, 

75 m3 ha-1 of posts, poles and firewood from Leucaena and native trees 

and 176 m3 ha-1 of paraiso saw10gs. Preliminary data on the growth of 

TABLE 1 paraiso and Leucaena in the Guayaybi area are given in Table 1. Photo-

FIGURE 3A graphs of the 6 month- and 12 month-old trees are given as Fig. 3a and 3b. 
FIGURE 3B 

Initially the primary output of the woodiots is food crops. As the trees 

grow taller the emphasis is shifted to shade tolerant crops (banana, 

cassava) and wood products. The saw10gs are grown for the local market 

and/or export. The other outputs are intended for home consumption. 

4.4. Protective and Service Aspects of the System 

One of the primary goals of the WOOlJ10ts is the improvement and productive 

utilization of degraded soils. Most farms more than 10 years old (after 

first forest clearing) have fields that are either producing very little 

or have been taken out of production altogether. The paraiso woodlots 

have potential to improve soil in the following ways: 

- organic matter is added to the soil through leaf drop and 

root decomposition; 

- nitrogen is added to the soil by nitrogen-fixing trees included 

in the woodlot; 

- aeration of the soil through the action of tree roots; 

- retrieval by deep tree roots of nutrients leached below the 

root zone of annual crops;
 

prevention of further soil erosion and subsequent fertility loss
 

by the formation of a pennanent protective vegetative covering.
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The paraiso woodlots are re-vegetating and utilizing fonnerly un­

productive farmlands. The quantative effect of the woodlots on soil 

quality is not yet known. However, qualitatively it can be ouserved 

that humus layers are being rebuilt and that soil structure is becoming 

less compact and more porous where woodlots have been planted. 

4.5. Socio-Economic Description 

In rural Paraguay, incomes ebb and flow with the tobacco and cotton 

harvest. Little income is realized from the sale of other crops. 

From October until January farmers spend large amounts of capital on 

seed and pesticides. By harvest time most families owe money to local 

merchants for food, clothing, tools and agricultural products. If 

the price for cotton and tobacco is good, the farmers earn enough profit 

(average harvest income from 2 ha of cotton = U.S. $ 800) to payoff 

their debts and buy needed items. Often though, the price of cotton 

is 'low and families have problems meeting their debt obligations. 

These are the times of greatest emigration out of the rural areas, as 

the less-successful farmers sell their lands and seek work in urban 

centers. 

The paraiso I'/Oodlots add a long-term dimension to the economic outlook 

of the rural farmer. The system has a real potential to provide large 

amounts of income 10-15 years after planting. The value of the harvested 

sawlogs has not been established on the Paraguayan market. However, in 

Argentina paraiso is replacing cedro (CecJ.roela tuhifZoro) -- .Jne of the 

highest priced native hardwoods -- on the market, largely because the 

supplies of cedro are almost exhausted. Based on this, the value of 

a mature paraiso woodlot is estimated to be U.S. $ 5100-6800 per hectare. 

The prospect of this long-term profit adds securi ty to fami lies I 
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futures and encourages them to view agriculture as a long-term, sustain­

able enterpri se. 

4.6. Overall Performance Assessment 

Paraiso has demonstrated its potential as a fast-growing reforestation 

species. Hhen degraded lanrlur.ii.::. ',:ith the woodlots are compared to 

similar land units without the trees, the advantages become obvious: 

formerly unproductive uni ts of land are nOl'l supporting fast-growing 

trees and crops and are directly adding to the well-being of the 

fami lies \'Iho \'Iork the land. 

5. SYSTEM DYNAMICS 

5.1. Rate of Growth 

The para~so woodlots are a new landuse alternative and are expanding 

at an impressive rate. The demand for trees to plant woodlots is out­

stripping the production capabilities of the extension nurseries. 

According to an FAO study, Paraguay's \'Ioild products industry has 15 

years of life left before it runs out of reserves of corrrnercially 

valuable species, Paraguay's forests are being destroyed at the rate 

of 3.3 percent t:.ach year, the fastest deforestation rate in the 

Western Hemisphere. At the same time, the demand for Paraguayan 

wood products is projected to be 14 times greater in the year 2000 

than its former level in 1970. On top of this, Paraguay has a high 

population grwoth rate and limited arable land. These factors add 

impetus to the push towards sustainable systems that produce both 

wood products and food, such as the paraiso woodlots. 

\. ) 
V 
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5.2. Degradation of the System 

The first two years of the woodlot are critical. The trees must be 

kept free of weed competition or their growth is stunted. This is 

the stage where the extensionist has a key role. Farmers who have 

been well-supported by a forest extensionist have confidenrc io t~c 

woodlot and are willing to work hard to keep the trees free of weeds. 

Other fa nners \1ho ha ve had vleak support often deve 1op doubts, con­

centrate their labour elsewhere and let the weeds grow, choking out 

the trees. It has been observed many times that \1hen a ',100dlot fails, 

it happened because the fanner believe:! it would fail and did not invest 

the necessary labour. 

5.3. System Sustainability, 

Since the paraiso woodlots are new, no data is available at this time 

on their sustainability. 

6.	 EVALUATION 

r"erits 

1.	 Paraiso grows rapidly, quickly establishing a vegetative cover
 

and producing wood products in a short time (see Table 1).
 

2.	 The woodlots effectively combine food crops and trees to provide 

products for home consumption and the market on priorly unproduc­

ti ve lands. 

3.	 The system shows rromise as a means of rehabilitating degraded
 

soils and protecting against erosion.
 

4. A prospect for	 long tenn stability and security is gained by
 

the fanners vlho plant the woodlots.
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6.2. Weaknesses 

1.	 Biological. In :;ome plantations paraiso has been attacked by an 

unk~own pest or disease. The attacked trees develop a horse-tail 

shaped brooming of the growing tip. Apical dominance is lost and 

the trees cease active height growth. Up to 10 percent of the trees 

in sone plantations have been attacked. Leaf-cutter ants are another 

major pest, sometimes causing complete defoliation. 

2.	 Climatic. In the sapling stage paraiso is susceptible to frost
 

damage.
 

3.	 Edaphic. When used as a component of a woodlot, Leucaena has exhibited 

little tendency to nodulate on acid (pH ~ 5.0) soils. Nevertheless, 

it grows rapidly. 

4.	 Ecological. Paraiso does not compete well with weeds. 

5. Technical	 support. Paraiso woodlots are a new landuse method that 

farmers are unfami liar with. To be successful, the farners need 

strong technical support from well-trained extensionists. Due to 

institutional constraints, this support is often difficult to provide. 

6.3. Constraints 

The lack of strong governmenta 1 support for an agroforestry prograrrme 

is the primary constraint limi ting the success of the paraiso woodlots. 

Without this support, it is difficult to provide the minimal level of 

technical assistance necessary to manage the woodlots. The spread of 

the woodlots in the field is outgrowing the institutional capabilities 

to support them. 

Another constraint is the uncertain market for paraiso sawlogs. In 

Misiones, Argentina, & province along the southern border of Paraguay, 

/\
(1) \ 
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paraiso is the second major reforestation species (after eucalyptus), 

and there is an ample market for the sawlogs produced. A similar 

market could be developed for paraiso in Paraguay, but does not exist 

as yet. 

6.4. Potential 

With greater institutional support and a firm market, paraiso woodlots 

could become a common landuse in Paraguay. The woodlots could be made 

more producti ve by: 

- using improved strains of pasture grasses; 

- including an apicultural component if nectar-producing tree 

are planted in the woodlot; 

- including more shade-tolerant crops, such as coffee, papaya, 

etc. ; 

- incorporating more nitrogen-fixing, soil-building leguminous 

trees other than Leucaena; 

- collecting paraiso seed from superior trees and initiating 

a tree improverrent programme. 

6.5. Extrapolability 

In Paraguay and Argentina, paraiso is cUltivated on acidic clay and 

sandy soi ls, in climates ranging from warm temperate to SUbtropical, 

with precipitation between 1400 mm - 2000 mm. While eytrapolable to 

areas with similar conditions, it is not known how the tree would grow 

in more tropical climates or at higher elevations. 

6.6. Research needs 

Through research, the paraiso woodlots and their managerrent could be 

improved. Some research needs are: 
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- growth predictions for different site conditions; 

- quanti ta ti ve outputs of the crop component and how the tree 

component affects this yield; 

effects of azedamchin. a compound contained in paraiso leaves, 

on crop pests; 

- growth rates of native species that could be used in the woodlots; 

- effects of the woodlots on soil fertility over time; 

- cost/benefit analysis of the woodlots; 

- timing of thinning; 

- pests and diseases of paraiso, focusing upon the horse-tail 

brooming and upon the relationship between root damage due to
 

ploughing and root rot proliferation.
 

r{\
,) 
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Table 1. 

Woodlot 

Ca sere 

Aeos ta 

So ri a 

Ronan 

Ortiz 

Ortiz 

Early Growth of Paraiso and Leue3ena Woodlots in the Guayaybi Area 

age (mon ths) 

9
 

6
 

8
 

8
 

12
 

19
 

Paraiso 

mean height (m) 

3.34 

2.98 

2.93 

2.24 

3.76 

7.00 

mean DBH (em) 

3.32 

5.75 

Leueaena
 

mean height (m) meam DBH (em)
 

3.08 

2.25 

3.22 2.50 
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I:OOD, COFFEE AND CASUARINA: AN AGROI:ORESTRY
 

SYSTEM FROM THE PAJ>UA NEW GUINEA HIGHLANDS
 

ABSTRACT 

An agroforestry farming system is described from the PaFua New 

Guinea highlands (1400 to 2100 metres) that has been developed 

by village growers since about 1960 and has expanded rapidl:' 

since about 1970. Major components of the srstem .:re numerous 

species of annual and perennial food crop~ (especially bananas), 

arabica coffee and Casuarina oZigodon. It provides food, a ca~~ 

crop and timber for construction and fuel. It is likely that 

returns on labour inputs are very favourable, but no formal dssess­

ments have been made. Evaluation of the system as a whole, and 

research on certain key components (casurarina ecology, bdnana 

cultivars, timing of operations) are suggested as high priority 

areas for systematic studies. 

Keywords: Agroforestry, casuarina, coffee, food crops, highlands 

Papula New Guinea. 



1. INTRODUCTION 

Within the central highlands of Papua New Guinea (PNG) live just over 

a million people. Most of these are village dwellers whose major cash 

crop is Arabica coffee (Coffea arob·?aa). These smallholders produce 

70-75 percent of the nation's total production of coffee, which is the 

major export crop. The majority of new coffee plantings made by small­

holders in recent years have been in agroforestry systems that 

incorporate annual and perennial food crops, coffee and shade species. 

One ::'Ich system is described here. 

2. GENERAL DESCRIPTION OF THE AREA 

PNG has a land surface area of 464,000 km and is located between the 

o l)
equator and 12 S latitude and 141-156 E longitude. The dominant 

natural environments ;.re mountains and foothills of less than 1000 m 

altitude to peaks at 4500 m. The central highlands consist of a 

complex association of mountains and intermountain valleys (1). 

The nation lies wholly within the humid tropics and humidity is high 

everywhere. The main influence on temperatures is altitude and, 

away from the moderating influence of the ocean, there is a very 

elose and linear relationship between temperatures and altitude. 

Madang with mean maximum and minimum temperatures of 300 C and 230 C 

is typical of coastal locations. Mount Hagen town (1700 m) is 

typical of locations in the intermontane valleys with a mean maximum 

and minimum temperature of 24°C and 130 C respectively. Seasonal 

temperature variations is everywhere small to negligible. Mean 

annual rainfall varies from 1000 mID to over 8000 rom, but most 

people live in locations which lie within the range Df 1500 to 

4000 mID. Many locations experience 11 drier Pl!r1ou between May 
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and September, but there a~e ya~~ations on this includ~ng a reversal of 

this pattern in some localitiea. 

Floristically rich and luxuriant rain forests cover over 75 percent of 

PNG's land area. The forest types are broadly categorized into five 

to six sections, based on altitude, floristic composition and physiognomy 

of the structural forms. They include various vegetation forms of low­

land (coastal, mangrove, evergreen, etc.), montane, and subalpine types 

(7) • 

The system described here is practised over an estimated 25,000 ha in 

PNG highlands (4) at an altitudinal range of 1400 to 2100 m where the 

annual rainfall varies from 1900 to 5000 rom (mostly between 2000 and 

2800 mm). The soils on which the system is practised arc variable, but 

typically contain significant amounts of volcanic ash, are high to very 

high in organic matter (5 to 207.) and arc often poorly drained. 

Sweet potato (Ipomoea batatau) is the staple food 01 i~th the people 

and their most important animal, pigs. Numerous other species are grown 

as food crops, often in mixed vegetable gardens that do not include 

sweet potato. It is these mixed vegetable gardens that form the basis 

of a recently developed food crop/coffee/casuarina system. At these 

altitudes, firewood for cook~ ~ and household heating is an importL_ 

part of the ecosystem. In many highland areas it is now a scarce 

resource • 

.3. STRUCTURE OF TilE SYSTEM 

The major species used in the system arc numerous annual and perennial 

food crops. arabica coffee and Cauuarina oZigodon. C. OZigodon is a 

fast growing woody species that provides shade and timber for fencing 
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house construction and firewood. Its timber is easy ~o split and it 

burns well. The food crops include bananas ~hlsa cvs) (mostly triploid 

cu1tivars at these altitudes), taro (Cotoaasia esautenta and Xanthosoma 

BagittifoUwn) , sugarcane (Saaallarum offiai1larum). maize (lea mays). 

highland "pitpit" (Setaria patmifoUa. AmaranthuG spp., Oenantlze 

javaniaa. Rungia ktossii and others. Other components which may be 

present are nut pandanus (RandanuB jiutianettii) at altitudes above 

1800 metres and oil pandanus (Pandanus aonoideus) below 1700 m. Pigs 

commonly graze under established coffee/casuarina/banana stands, but they 

are not a critical component of the system. Cassava (Manihot esautenta) 

is an important component of a similar system used on better drained 

soils, but not in this system on the wetter soils. 

The basic structure of the system is that mixed vegetable gardens arc 

gradually converted into coffee/banana gardens and eventually into 

coffee/casuarina stands. Figure 1 shows the establishment of casuarina 

and coffee mixed with food crops in an area where some mature casuarina 

trees are already existing. Figure 2 shows an established system with 

3-4 year-old bearing coffee under the shade of triploi(~ bananas and sorn~ 

casuarinas. Other agricultural crops are no longer cultivated at this 

stage. 

4 • SYSTEN FUNCTIONING 

The first phase is that fallow vegetation ~s cleared, drains are 

established and all of the food crops arc planted in the mixed vege­

table garden. Nost plantings are made seasonally towards the end 

of the drier months (September to December). Coffee seedlings may 

be transplanted into the garden when the food crops are planted, 

but usually they are not planted until the short term crops, such 

\,\,\ 
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as the leafy green vegetables, have been harvested. Casuarina 

seedlings arc sometimes trpnsplanted at the same time as coffee, 

but they may be established up to 12 months after coffee. Seedlings 

of coffee and casuarina are usually obtained from self-sown plants in 

older coffee gardens and aloug alluvial flats respectively. The food 

crops are planted in a mixed planting arrangement without regular 

spacing or species association. By contrast the coffee and casuarina 

seedlings are planted in a regular manner that approximates to the 

recommended spacing (1.5 x 2.5 m for coffee). 

The timing of planting of the major components is extremely variable. 

Shading of young coffee is provided by different species during 

different periods. Initially it is done by the taller food ~rops, 

particularly maize, CoZoaasia taro and sugarcane. Once the bananas 

are established, they provide an increasing proportion of the coffee' 

shade needs. About a year after planting, they are the major shade 

species. After about 2 years, they are increasingly supplemented by 

the slower growing casuarina. Bananas and casuarina both provide 

shade up to about years 5-7, by which time casuarin~s are replacinr 

bananas. Depending on altitude, one or two Pandanus speci~~ may be 

significant components of the coffee/casuarina stand. 

The major input is human labour. The major output of the system are 

the vegetables that supplement the sweet potato staple, the cash crop 

(coffee) and eventually timber from casuarina. Productivity and othel 

details of the system arc poorly documented. 

5. SYSTEM DYNAMICS 

Colfee was promoted as a village cash crop in the highland from the 

mid 19400 onwards. The official government recommendation was (and 



5 

still is by default) that short term shade trees (Crotalaria micans. 

TephroBia vogeZii) or permanent shaue species (CaBuarina oZigodon. 

Leuaaena ZeucoaephaZa or AZbizia ahilwnBis) should be established 

prior to field plantings of coffee seedlings without any interplanting 

of food crops. The offic~...il system was used initially, but from about 

1960 onwards the system described here and other similar ones that 

incorporated food crops were developed by the villagers themselves. 

Their syst~ms have expanded, so that by the late 1970s, most new 

coffee plantinbs by villagers in the highlands were being established 

in systems similar to this one. The system described here is an 

extension of the traditional mixed vegetable garden system and it is 

the most widely practisp.d of the recently developed integrated food/ 

coffee/timber systems. 

The overall performance of the system has not been quantified and 

hence not evaluated. Judging by the system's rapid expansion and 

~idespread adoption, this system is more efficient than the officially 

promoted me tho/: of establishing coffee. Based on theoretical 

calcula tions of economic re turns from in teg ra l 'd sys terns in compa rison 

with the coffee/shade system, Carrad (4) concluded that the integrated 

one was very superior, especially from planting to year 7. 

'. EVALUATION 

This agroforestry system provides food, cash from coffee and some 

marketed food, and timber for construction and fuel. It has not been 

critically evaluated, but based on the author's judgement it is 

certain that returns on labour inputs would compare very favourably 

with alternative systems. Because the canopy is maintained 

continuously by a sequence of faster and slower growing dpacies, thB 

requirement for weeding is minimized. 
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The author does not see many major weaknesses of the system for 

small-holders. It is a conservation syst~m in that the soil is 

protected from the direct action of the elements by continuous 

vegetable cover, and hence organic matter is conserved. ClJnversion 

of land suitable for mixed vegetable gardens into permanent coffee 

stands may be a problem in those few areas where this land type is 

limited in extent. Sometimes growers using the system fail to 

establish a good coffee stand. The reasons for this are not clear. 

A reasonable level of managerial ability is needed to manage the 

system, but this is within the capability of most village growers. 

The level of management may be more difficult to attain when larger 

plantings are being established in a limited time, for example 

areas larger than 3 ha. 

The system provides significant quantities of perishable food. Because 

of poorly developed marketing infrastructure in PNG, marketing of this 

is likely to pose problems for larger growers. 

Similar systems havp. been developed by villagers elsewhere in PNG for 

other export tree crops, including cacao (2), coconuts (5), rubbe= and 

oil palm. There is a wide variation in the details of this and other 

systems, especially in relation to timing of operations and species 

used for shade. It is very likely that some growers have refined the 

system; for example, selection of superior banana cultivars for shade 

or the timing of transplanting of coffee and casuarina seedlings. Such 

refinements are likely to have wider applications, at least within the 

PNG highlands and perhaps elsewhere. CasuaPina o'ligodon is restricted 

to the highlands of the island of New Guinea where it grows between 

650 m and 2700 m (standard deviations for the species's altitudinal 

limits are 60 m and 55 m respectively). Casuarina is known to fix 

1'\\ '.,
\' 
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atmospheric nitrogen, although the amount is yet to be quantified. 

The species's useful characteristics and agroforestry potential are 

widely recognized within PNG (8) and it may have potential as a 

shade and timber species in other subtropical and tropical highland 

environments. 

8. RESEARCH NEEDS 

The research needs for this system are numerous and urgent, given 

that this farming system and similar ones are the most important 

ones that are used to estab+ish new plantings of PNG's major export 

crop. There is no published formation tc the author's knowledge on 

the potential of different food species and patterns of admixture 

of their species or cultivars to provide shade for coffee as well as 

to produce food; particularly so for bananas which are a critical 

component of this system. The timing of the various operations 

appears to be important, but this has not been formally evaluated. 

The first priority is to study the system and its variations as 

presently practised by Village growers. Some studies have commenced 

(3, 6) and these need to be expanded. 

Once farmer practices have been documented, innovations and 

potentially superior techniques need to be evaluated ~n controlled 

experiments. The growth pattern, nitrogen fixing ability and 

ecological requirements of Casuarina oZigodon also require immediate 

study. 
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CAPTIONS 

Captions for prints to accompany paper "Food, coffee and casuarina: 

an agroforestry system from the Papua New Guinea Highlands". 

1.	 Young coffee and casuarina seedlings in a mixed planting with 

food crops (highland "pitpit" , CoZocasia taro etc.) and some 

mature casuarina trees (Ambl~ Valley, 2000 metres). 

2.	 Young bearing coffee (ca 3-4 years) shaded by triploid bananas 

and some casuarina. Other food crops have all matured by this 

stage (Nembi Plateau, 1700 metres). 

d 
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ABSTRACT
 

Coconut is a major commercial crop of Sri Lanka. Growing a 

number of other crops in association with coconuts is a wide­

spread practice in all coconut-growing areas of the country. 

The rationale for the practice is that other crops can profit ­

ably be grown between or under the coconuts during the difforent 

growth stages of the palms and thus the overall productivity 

of the land under this long-duration crop can substantially be 

increased. 

The paper gives a concise account of the practice in Sri Lanka 

indicating the crops most commonly grown as intercrops, arrange­

ment of different crops and early research results on the 

productivity of the intercrops and their effect on coconuts. 

Adequate supplies of water and labour are the two major inputs 

needed for the success of the system. Drought, lack of funds, 

price instability, lack of technical know-how on intercrop 

management and problems of timely availability of inputs are 

the major constraints experienced by farmers in expanding 

intercropping. Research on both biological and socio-economic 

aspects is needed to overcome these constraints and extend this 

potentially attractive system. 

Key words: Agroforestry, Coconut, Intercropping, Sri Lanka 
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1. INTRODUCTION 

Coconut (Coooa nuoifera L.) is cultivated in about 400,000 ha or 25 

percent of the total cultivated area of Sri Lanka. It is the most 

widely cultivated plantation crop of the island nation, the other 

major two being tea (244,916 ha) and rubber (222,311 ha), and is thus 

second only to rice (874,221 ha) in terms of the area under the crop. 

Although coconut is grown in all the districts of Sri Lanka, about 

70 percent of the area under the crop is concentrated in the "COCONUT 

TRIANGE" fonmed by the districts of Kurunegala, Puttalam, Gampaha and 

FIGURE 1	 Col(~bo in the central west coast (Fig. 1). Other important coconut 

areas "include the districts of Kalutara, Galle, Matara and Hambantota 

accounting for about 15 percent of the total area. The rest of the 

area is found mostly in the small home gardens in other districts. 

It is a wide-spread practice in all coconut growing areas of Sri Lanka 

co grow a large number of ot~er crops in association with coconuts. 

The practice has been encouraged by the Government of Sri Lanka since 

1973 by introducing several subsidy schemes. This paper examines the 

situation with respect of coconut intercropping in Sri Lanka and 

summarizes the results obtained so far. Cattle grazing on pasture 

grown under coconuts is also a common practice in some parts of the 

country (4), but this paper does not cover that system in detail. 

2. GENERAL DESCRIPTION OF THE AREA 

2.1. Biophysical Environment 

Sri Lanka is a tropical island located between 50 55' and 90 51 I N 

latitudes and	 790 42' and 81 0 53' E longitudes. The total area is 

65,610 km2, extending to a maximum of 410 km in N-S direction and 225 km 
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in E-W direction. There are different forms of tropical climates 

within the country depending on rainfall, temperature and altitude 

(topography). There are four major rainfall zones (13): 

- the We$t Zone that has more than 500 mm rain per month 

during May to September (southwest monsoon), with a mean 

annual rainfall of 2500 mm or over; 

- the Intermediate Zone, which is a part of the Wet Zone, 

with a mean annual rainfall of 1875-2500 mm; 

- the Dry Zone w~th less than 500 mm of rain per month 

during the southwest monsoon season of May to September 

and a total annual rainfall of 1250-1875 mm; 

- the Arid Zone, which is a part of the Dry Zone with a 

mean annual rainfall of less than 1250 mm. 

In Sri Lanka, coconut is grown most prominently in the low country 

Wet and Intermediate rainfall Zones as indicated in Fig. 1. It is 

also grown to some extent in the Dry Zone wherever facilities for 

irrigation exist. In view of the changing distribution pattern of 

rainfall followed by unprecedented drought periods, a considerable 

attention has now been focussed on the subject of supplementary 

irrigation of coconut plantations during droughts, especially in 

the Intermediate and Dry Zones. On the basis of hydrogeology of the 

area and long telm rainfall records. it has been estimated that 

available ground water potential ranges from around 2400 cu. mha-l 

per annum in the Wet Zone to 800 cu. m ha in the Dry Zone, without 

affecting the water table (8). 

Temperatures are generally around 270 Cwith only a slight difference 
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in the diurnal and seasonal fluctuations. The relative humidity in 

coconut growing areas is also high with a mean of 85%. There is no 

marked difference in day lengths between seasons, which favours the 

cultivation of a wide variety of other crops in major coconut grow­

ing areas. 

The major soil types found in the coconut bel t are generally related 

to the nature of parent material, topography and agroclimate of the 

area. In the Wet Zone, for example, the dominant soil type in which 

coconut is grown is a shallow to moderately deep gravelly clay loam, 

passing to laterite at depth. In the Intermediate Zone, coconut groves 

are distributed mainly in the sandy clay loam type of soil passing to 

soft lateritic subsoil. In the Dry Zone, coconut plantations are 

either flat or undulating excepting a few low to mOotH'dtely sloping 

lands. As such, the majority of coconut plantations in Sri Lanka occupy 

fertile lands of different agroclimate and soil environment suitable 

for intercropping with a wide range of crops. 

2.2. Land Use Systems 

With the exception of the area covered with montane rain forest and 

wet patanas (grass lands), rice cultivation is possible and pcpular 

in Sri Lanka in all places lying below 1200 maltitude and having 

irrigation facilities. Some parts of cultiva~ed land in Sri Lanka, 

especially in the dry northern and eastern plains and to a lesser 

extent in the southwest, are under shifting cultiva~ion (chenaJ. 

Besides these two cultivated land systems, three big plantation 

systems are important for the island's economy: rubber, tea and 

coconut. Rubber plantations are in the wet low country up to an 

elevation of 700 mand tea up to an elevation of neay'ly 2300 m, tea 
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plantations being the only form of land use in areas above 1200 m. 

Coconut is very important in the internal economy and food system of 

the country. It used to be a major export crop in the past. but 

according to 1982 figures (7) about 70 percent of the total nut pro­

duction was used for domestic consumption. leaving about 30% as the 

exportable surplus. Coconut therefore has a dual role to play. meet­

ing the increasing local demand as well as continuing to serve the 

most vital export market. Cacao. cinnamon, cardamon. citronella and 

pepper as minor export/cash crops also contribute to the economy of 

Sri Lanka. Forests account for 24.9 percent of the area of the 

country (9). 

Sri Lanka practices a number of agroforestry systems. The most promi­

nent ones are 'chena'. which is a form of shifting cultivation. some 

forms of taungya. intercropping under coconut. Kandy- or Home- or 

Forest Gardens, growing tea and coffee under the shade of trees and 

wind breaks/shelter belts (24). 

3. STRUCTURE OF THE COCONUT INTERCROPPING SYSTEM 

The growth habit and morphology of the coconut palm permit a number of 

other crops to be grown wi th or under it duri ng its different growth 

stages (18). A large number of compatible crops - both annuals and 

perennials - are grown under coconuts in different geographic and 

ecoclimatic regions (l0, 12. 14. 15. 16, 18. 19. 21. 25). The major 

crops grown in association with coconuts in the different climatic 

TABLE 1 zones of Sri Lanka are listed in Table 1. 

Sample surveys of intercropping under coconuts conducted recently 
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(1, 2, 3) in the Wet and Intennediate Wet Zones indicated that bananas, 

black pepper, coffee, ginger in that order formed the intercrops most 

preferred by the farmers. The second group in the order of preference 

consisted of turmeric, betel, vegetables and pineapple. Factors such 

as profitability, marketing facilities and convenience were listed as 

the major reasons for farmers' preference for the crops mentioned. 

3.2. Arrangement of Components 

The three planting systems I ~corrmended for coconuts (sole stands) in 

Sri Lanka are the square (7.9 x 7.9 m), rectangular (8.5 x 7.3 m) and 

triangular at 8.5 mequilateral, each system accommodating a density 

of about 160 palms per hectare (17). In the coastal belt, palm densi­

ties are re1~tive1y high. often up to 210 palms per hectare. 

Based on the evaluation of the pattern of utilization of the basic 

resources -- soil and solar energy -- in monocrop coconut stands of 

varying age groups (18, 19), it is now generally accepted that coconut 

stands can conveniently be intercropped when they are either young 

(up to about eight years after planting) or fully grown and bearing 

(after about 25 years after planting). According to these considerations 

and in view of the age group of palms, it is estimated that 70-80 per­

cent of coconut plantations in Sri Lanka can be intercropped (2, 22, 

23) . 

The crop mixtures that are commonly associated with mature coconuts 

are as follows: 

Coffee/banana 

Banana mixed with either ginger/turmenic or pineapple 

Pineapple/papaya 

\.\..... '.
~' 
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Banana/mixed with coffee/cacao 

Coffee/black pepper 

Cacao/coffee (dwarf San Roman varietY)/black pepper 

The arrangement of components depends on the nature of the intercrop. 

Generally speaking, a circular area of about 2 m raC111!: llround the palm 

is felt free of intercrops and the intercrops are grown in the inter­

spaces of coconut rows according to the recommended planting system for 

FIGURE 2 the sole crop of the intercrop concerned. Fig. 2 indicates a schematic 

planting pattern involving black pepper, cacao and coffee with coconuts. 

Photographs of cassava and cacao + black pepper as intercrops with 

FIGURE 3 coconuts are given as Figures 3 and 4 respectively to show the planting 

FIGURE 4 arrangements of the components. 

3.3. Interaction of Components 

Theoretical considerations on plant community interactions in multi­

species combinations with coconuts have been discussed by Nair (18) 

in the light of the limited research data that ~Iere available at that 

time. In practical terms, the main expectation from an intercropping 

system in a perennial plantation crop system is that the overall return 

from unit piece of land is increased without adversely affecting either 

the current or the long-term productivity of the main (perennial) crop. 

At the same time, the returns from the additional crops should justify 

the adoption of the intercropping practice and ~hould contribute to 

the long-term productivity of the system. Thus, intercropping in 

coconut stands is viewed as a means for increasing the total produc­

ti vity of lands that are "committed" to the coconut crop for up to, 

say, ;0 years (which is the normal life-span of the 'Tall' type that 

forms the vast majority of coconuts grown allover the world). 

\\' 
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Results of intercropping expel'iments conducted at the Coconut Research 

Institute (CRI) of Sri Lanka summarized in Table 2 indicate that inter­

TABLE 2	 cropping resulted in an inc\'ease of nut yields of coconut. Similar 

reports are also available from intercropping trials in India (20, 21, 

25). The explanation given for this beneficial interaction is that 

the palms are benefitted by the manures and fertilizers given to the 

intercrops, elimination of weeds, soil working and other management 

practices, etc. 

Some of the other obvious advantages of intercropping include better 

and more intensive utilization of land, more income and generation of 

more employment from land already planted with coconut, and income from 

cash crops. 

It is also likely that there will be negative interaction leading to 

adverse effect on the main crop (coconut) and/or the intercrop. Such 

effects are likely to arise and be aggravated if the intercrops are not 

adequately and properly managed. However, practically no quantitative 

data are aVdilable from Sri Lanka on these aspects. 

SYSTEM FUNCTIONING 

1. Resource	 Input and Utilization 

In Sri Lanka, coconut is generally grown under rainfed conditions. 

Experimental	 evidence shows that there would be no serious competition 

for soil moisture between coconuts and the intercrops if the annual 

rainfall is	 over 1900 mm. However, in the Intermediate (rainfall) 

Zone and the	 drought-prone Dry Zone, it will be risky to grow coconuts 

as well as long-duration intercrops with them if irrigation facilities 

are not available. The earlier-mentioned survey of intercropping (2) 
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revealed that irrigation" facilities were available to 17 percent of 

the fanners who practised intercropping in the Intennediate Zone. 

Labour is one of the other major resources needed for intercropping. 

A study conducted by the Agrarian Research and Training Institute, 

Colombo (6) revealed that intercropping in coconut stands resulted 

in a 300% increase in on-farm employment. Some basic farm management 

data collected over five years from the intercropping trials at the 

CRI are given in Table 3. It shows that depending on the type and 

number of intercrops involved, the requirement of labour and the share 

of labour cost in the total cost of productiun increased. While the 

timely.availability of labour could pose a problem in some places, 

the generation of additional on-farm employment can be a very encourag­

ing aspect in owner-cultivated smallholdings. However only a very 

small percentage of coconut holdings is owner-cultivated in Sri Lanka 

(see section 4.4.). 

4.2. Production 

Some data on the production from intercropping systems have already 

been presented (Tables 2 and 3). These are from experiments conducted 

at CRI. Although coconut intercropping is widely practised in all 

coconut growing areas of the country, quantitative data on production 

aspects from cultivators' fields have not been systematically collected. 

4.3. Protective and Service Aspects 

Monocrop stands of coconuts offer only partial coverage of the ground 

when the palms are young and also as they advance in age when the stems 

get elongated. Consequently the soil gets more exposed to erosion and 

degradation during these periods. Incidentally, these are the periods 

when intercropping is most feasible and desirable. In monocrop coconut 
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stands. it is a common management practice to adopt soil and water 

conservation practices such as terracing. preparation of bunds and 

contour drains and burying coconut husks in pits and trenches near 

the palms to conserve moisture (5). By practising intercropping and 

adopting prudent land management practices for the intercrops, much 

of these soil conservation practices whic~ would otherwise be necessary, 

could be avoided. Thus intercropping can be a better way for increas­

ing the sustainability of coconut lands. 

4.4. Socio-Economic Aspects 

In Sri Lanka, coconut holdings of less than 4 ha in size are considered 

smallholdings. The census of agriculture, 1982, which covered ten per­

cent of coconut holdings in the districts Kurunegala, Gampaha, Colombo 

and Puttalam of the "coconut triangle" indicated that 55 percent of 

the total area of coconut in the coconut triangle are composed of such 

TABLE 4	 smallholdings (Table 4). There is a rather complex relationship 

between icnd ownership, owner cultivation/supervision and intercropping. 

The vast majority of coconut holdings in the country are not cultivated 

or supervised by the owners. The general pattern is that the majority 

of coconut fanJYrs are also engaged in paddy rice (and other crops) 

cultivation in so much as that smallholders who cultivate their own 

land seldom practise intercropping because most of their time is 

utilized for growing rice and other crops (in non-coconut areas). 

On the other hand, holdings are leased, share-cropped or otherwise 

managed or supervised by non-owners are intercropped. _··ty-three 

percent of intercropped coconut holdings are thus cultivated/super­

vised by non-owners whereas only 26 percent of the non-own9r cultivated/ 

supervised holdings are non-intercropped. 

r , 

\ \'.1... 
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5. CONSTRAINTS AND POTENTIALS 

5.1. Constraints 

The sample survey of intercro~ping in coconut lands (2) has identified 

seven important problems/constraints that are faced by the farmers in 

expanding their intercropping activity. These, in the order of their 

relative importance, are: drought, lack of funds, price instability, 

lack of technical know-how, problems of timely availability of labour, 

availability of planting materials, and thefts. On an average, each 

intercropper faced at least three of these problems, thei.r nature and 

extent being dependant on the size of the holding and type of intercrop. 

For example, lack of technical know-how and funds and non-availability 

of plant materials and fertilizers were more acute problems faced by 

smallholders, whereas droughts, price instability and thefts were 

reported as general problems affecting all categories of holding sizes. 

In addition to the above, marketing of perishable seasonal crops (e.g., 

passion fruit, papaya, pineapple) and crops that are produced in bulk 

(e.g. ginger, turmeric) can also be a serious problem. It can be 

aggravated if intercropping extends to large areas without simulta­

neously developing processing facilities at the producing centres and/ 

or transportation infrastructure to consuming/processing centres. 

5.2. Potentials 

Notwithstanding the above-mentioned constraints (which are not insur­

mountable), the system has a great scope for expansion in Sri Lanka 

and extrapolation to other areas. In principle. this is a sustainable 

system provided that necessary inputs are available in proper times 

and quantities. and the system is managed appropriately. At present, 
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intercropping practises are being extended to additional coconut areas 

at an annual rate of 1000 ha, thanks to the several Government subsidy 

schemes. 

6. RESEARCH NEEDS 

The constraints identified in the previous section call for research 

on both biological and socio-economic aspects, and the development of 

an efficient extension service in order to make coconut intercropping 

system more productive, economical, adoptable and successful. The 

agronomi c requi rernents of i ndi vi dua1 crops when they are grown as 

intercrops need to be standardized. At the same time, the interaction 

of crops when they are grown in close proximity need to be studied 

elaborately so that research results can be obtained on the pattern 

of sharing of resources and growth factors by all component species 

of the system. In order to arrive at prudent management recommendations, 

it is necessary to take into account both complementary and competitive 

interactions affecting production of individual species as well as total 

production of the whole system, not only during a short span of time 

but over a long period on a sustainable basis. A reassessment of the 

hitherto accepted planting patterns and densities of sole crop coconuts 

is also worth undertaking with the objective of growing intercrops 

without adversely affecting the palm's productivity. While mo~~ other 

agroforestry systems consist of perennials that often help impr. 

soil fertility through continuous addition of leaf litter and otll~r 

organic materials, coconuts do not add much organic materials to the 

soil, and, therefore, ways of maintaining soil fertility in coconut 

intercropping systems through external application of nutrients have 

to be designed appropriately. Along with studies on these aspects 

of coconut intercropping system, research on various aspects on the 
( 

\ [)\
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related system of pasture and grazing under coconuts also needs to be 

intensified. 
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Table 2. Yield of coconuts when intercropped with different crops 

Intercrops *Yield of coconuts ha-1yr- l 

Clove 5549 

Black pepper 5466 

Cacao 6738 

Cinnamon 7080 

Coffee 7318 

Annuals in rotation 6825 

Control (no intercrop) 5172 

* Average of four years' (1978-1981) results at the Coconut Research 

Institute. 

0.
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Table 3. * Some Basic Farm Management Data per Hectare on Intercrops Grown with 35-year-old Coconuts 

Intercrop(s) 

I n p u t s Out put Net Income from intercrop 

Annual Cumulative 

c 0 s t ** 

Labour Labour Materials Total 
(days) 

Yiel d Value** 
(kg) 

Coffee 

1st year 144 2520 1685 4205 - 4205 - 4205 
2nd year 77 1348 1380 2728 - 2728 - 6933 
3rd year 89 1558 1725 3283 50 2000 - 1283 - 8216 
4th year 112 1960 1625 3235 225 9000 5765 - 1036 

TOTAL 514 8996 8040 17036 400 16000 - 1036 

Cacao 

1st year 144 2511 1910 4421 - 4421 - 4421 
2nd year 75 1308 1405 2713 - 2713 - 7134 
3rci year 63 1099 1725 2824 65 1625 - 1199 - 8333 
4th year 48 837 1625 2462 227 5688 3226 - 5107 
5th year 60 1046 1625 2671 525 13125 10454 5347 

TOTAL 390 6801 8290 15091 817 20438 5347 

Cacao, Coffee and 
B.l ack pepper 

4th year 209 3662 3200 6862 16972 
/< 
,~....._-­

'-...' * Based on five y~ars data at CRI, Sri Lanka.
 
** Value in Sri Lanka Rupees; 1 US $ = SL Rs 25 (approx.,1984).
 



Table 4. Size - class distribution of coconut holdings in the coconut 
triangle of Sri Lanka 

Size, class. category Hectarage Percentage 

< 0.40 ha 22.996 8.49 

0.40 - 2.0 ha 87.907 32.47 

2 - 4 ha 38.202 14.11 

4 - 8 ha 27,304 10.09 

> 8 ha 94.343 34.84 

Source: Census of Agriculture. Sri Lanka 1982. 



Table 1. Intercrops Grown under Coconuts ln Srl Lanka 

Type of Inte nnedl a te Intenredlate
 

Crops Crops Wet Zone llet Zone Dry Zone
 

I. Food Crops 

Tubers 

Cereals 

legumes 

Fruit 
crops 

2.	 Spices and
 
Condiments
 

3. Hlner Export 
(Cash) Crops 

4.~ 

Cassava 
Sweet potato 

Taro 
Yams 

Finger millet 

l~al ze 
Sorghum 

Cowpea 
Green gram 

Groundnut 
Soybean 

WI~ged bean 

Banana 
Citrus 
Papaya 

Passion fruit 

Pineapple 
Pomegrana te 

Arecanut 

Betel leaves 

Chillies 

Ginger 
Tunnerl c 

Black pepper 

Cacao 
Cinnamon 

Clove 

Coffee 
Nutmeg 

•Pasture grass 

Sesame
 
(011 seed)
 

lj'lIlihot osculonta x
 
Ipomooa batatas x
 
Co loaasia spp. x
 
I>ioscoma spp. x
 

&louoino coracal~ 

Zoa mayo 

Sorghum bicolor 

Vigna unguiculata
 

Vigna radia ta
 

Arachis hypogaoa
 

Glycine ma.r
 

Psophocarpus x
 
tetragonoZobus
 

Musa spp. x
 
Citrus spp.
 
Cal'ica papaya
 

Rassiflora edulis x
 
Ananas COmoSIlS x
 
Ptmica granatwn
 

Aroca catechu x
 

Pipcr batel x
 
Capsicum spp. x
 
Zingiber officinalc x
 

Curouma longa x
 

Pipsr nigl'wn x
 
Thaobl'OlIrI cacao x
 

Cinnamon zeylanicum x
 
Syzygium al'OlIrI ticurn x
 
Coffea spp. x
 
MJl'ietica fmgnas x
 

Brachial'ia miliifolmis x
 

Scsamwn indicum 

x
 

x
 

x
 

x
 

x
 

x
 
x
 

x x
 

x x
 

x x
 

x
 

x
 

x x
 

x x
 

x
 

x
 
x
 

x
 

x
 

x
 

x x
 

x
 

x
 

x
 
x
 

x
 

x
 

x
 

x
 

x
 

• Al so see Nal r (1g) 
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ABSTRACT 

Land use sys~=ms in the Northeast Region of Brazil are dominated 

by large holdings and extensive cultivation of perennial crops such 

as cashew, coconut, carnauba wax palm, baba,u palm and so on. The 

common feature which links these crops il3 the silvopastoral system 

of livestock (chiefly cattle, sheep and donkeys) gra~ing under them. 

Agrosilvicultural systems involving cultivation of annual subsistence 

crops, and in some instances other perennials, in the stands of these 

perennial crops is also common. The paper presents the available 

information on the management, production, rate of growth, economic 

importance, etc. of these agroforestry systems involVing cashew, 

coconut and carnauba palm. 

These systems are of considerable merit in the environmental, agricul­

tural and socioeconomic conditions of Northeast Brazil. However, 

practically no research nor even systematic data collection has been 

done on these so that there is an almost total lack of information 

on them. In order to improve the systems, they should ·be studied 

in detail and research undertaken on various components (crops, trees 

and livestock) individually as well as the system as a whole. 

Selection of suitable species of grass and other herbaceous crops, 

appropriate man3gement techniques for both overstorey and understorey 

species in relation to the age of the oyerstorey species, optimal 

stocking rates of animals, etc. have to be determined so as to enable 

plantation owners and operators to realize the full potential of these 

systems. 

Key words:	 Agroforestry, Carnauba, cashew, coconut, Northeast 

Brazil, Silvopastoral systems. 



1. INTROOUCTION 

Perennial cropping systems are found throughout the Northeast Region 

of Brazil, under a wide range of rainfall conditions. Since the 

earliest period of Portuguese colonization, the Northeast has also 

been characterised, especially in the interior, by exten!;ive livestock 

grazing. In the present century, ag:'iculture has become more intensive 

as a consequence of the burgeoning human population of the region and 

increasing opportunities for agricultural exports. This has resultLd 

in a trend toward combining certain perennial crops and livestock 

grazing into definable silvopastoral and other forms of agroforestry 

systems. The major perennial crop components of the5e systems are 

cashew (Anacal'diwlI occidentaZe}J coconut (Cocos nucifera}J babacu, palm 

(Orbignya oZeife!~) cacao (Theobroma cacao) carnauba wax palm (Copernicia 

ce!'ifera) and African oil palm (EZaeis guineensis). 

To-date, only a modest amount has been published about agroforestry 

systems involving these plantation crops. Of these, coconut-based 

systems have received the most attention. Coconut intercropping systems 

have been studied and reported from India (7, 9, 10); Sri Lanka (6) 

and cattle and grazing under coconuts from the Far East and the South 

Pacific (12, 13, 14, 15, 16). Harui gave a brief account of the crop 

combinations with ca~hew and other perennial crops on the Kenyan coast 

in East Africa (18). Torres has mentioned the viability of the practice 

of cattle grazing under cashew and coconuts (17). But none of these 

reports contains any information on the systems in Brazil. 

The purpose of this paper is to describe some subtypes of the agro­

forestry (mainly si1vopastora1) systems in the Northeast of Brazil. 

Cacao-based systems in Bahia State and Babacu-based systems in Maranhao 
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State are being studied in greater detail by researchers in the two 

respective rc~earch institutions and those systems will be described 

later in separate contributions to this Series. Information on oil 

palm-based systems is too fragmentary to be reported. Therefore, this 

paper concentrates on the systems based on cashew, coconut and carnauba 

wax palm. 

2. GENERAL DESCRIPTION OF THE AREA 

The Northeast Region of Brazil has a land area of over 1.5 million km2 

and extends over tropical and equatorial latitudes from 180S in the 

State of Bahia to lOS in the State of Maranh'ao. Although representing 

only about 18 percent of the national territory, it contains approxi­

mately 30 percent of Brazil's 125 million people. 

Precipitation is the key environmental factor of ecological significance 

for the region and can be characterised by three major zones trending 

northeast to southwest. First is a narrow humid coastal strip in the 

east which receives an average of 1250 mm to over 2000 mm of rainfall 

per annum. Second is a middle zone of moisture deficiency which accounts 

for the largest portion of the Northeast. ~lost of this zone receives 

less than 1000 mm of annual rainfall, with an extreme low of less than 

300 mm in one small aren. The third zone is one of high rainfall, over 

2000 11m per year, in western Maranhao. Reflecting this wide diversity 

of moisture conditions are natural vegetation patterns rangi,ng from 

tropical rainforest to semiarid thorn scrub. 

Given such a large land area, only very broad generalizations can be 

made about soils. FAD Soils Map of the World shows that the region is 

dominated by highly weathered, leached Luvisols, Ferralsols and Acrisols, 

\ 

\ j\ 
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with dry sandy Arenosols and Regosols common along the coast (l). 

Topography in those locations where cashew, coconut or carnauba occur 

or are cultivated is nearly flat. 

Land use systems in the Northeast are dominated by large holdings, 

a pattern which has its origins in the early land grants received by 

Portuguese colonists. In coastal areas, land was most often devoted 

to sugarcane monoculture, whereas in the interior large livestock 

ranches were the rule. Traditionally, beef cattle have been driven 

to the better-watered coast during the long dry season in the interior. 

Recently-harvested sugarcane fields, as well as areas of cashew, coconut 

or carnauba had been used for such seasonal grazing. Even with the 

modernization of perennial crop agriculture in the present century, 

these systems have been retained because of their benefit to both the 

1and-ownp r and the ca ttl eman. Increased ra is i ng of dai ry ca ttle along 

the coast is also associated with plantation agriculture. Along with 

the improvement of perennial crops themselves has come the improvement 

of cattle breeding stock and the cultivation of better grass species 

for plan ti ng benea th the tree crops. Fi g. 1 SllOWS a sketch map of 

Ilortheast Brazil shol'ling the areas where the system(s} being described 

. here c-" be found. 

FIG. 1 HERE 

STRUCTURE OF THE SYSTEM 

The common feature which links cashew, coconut and carnauba is livestock 

grazing (silvopastoral system). Cultivation of annual subsistence crops 

and in some instances other perennials in the stands of these perennial 

crops (agrosilvicultural system) is also common. 
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Both cashew and carnauba are native to Northeast Brazil and wild 

stands have a long history of exploitation. The Portuguese introduced 

the coconut to coastal Brazil during the 16th century where it quickly 

became naturalized. Thus under conditions of subspontaneous growth 

it is equivalent to the stands of the two native species. In addition 

to gathering the economic products of these three trees, the land areas 

they occupy are also traditionally used for other agricultural purposes. 

Locally-raised livestock -- chiefly cattle, goats and donkeys -- are 

grazed on spontaneous grass and shrub growth beneath the trees and, as 

al ready mentioned, so are cattle brought in from the interi or for 

seasonal grazing, and these tree stands provide the much-needed shade 

to the livestock. Livestock are removed from the fields during the 

harvesting of cashew fruits and carnauba palm leaves. Fig. 2 shows 

a coconut plantation with spontaneous grasses, typical of the type 

used for cattle grazing. Fig. 3 is of a natural stand of carnauba 

palms with grazing of donkeys. Crowns of the palms are sparse because 

of leaf harvest. 

FIG. 2 AND FIG. 3 HERE 

It is also a common practice to clear small plots within the stands 

of trees to plant subsistence crops during the annual rainy season. 

Typically, maize, beans and cassava are grown. Individual plots are 

fenced to keep the livestock out; however, once the crops have been 

harvested they are allowed to browse on the stubble. 

Under formal plantation cultivation of cashew, coconut or carnauba, 

the components are slightly modified. Basically the change involves 

cultivation of subsistence catch crops between the rows of trees for 

the first few years of their growth. Once again, maize, beans and 

,I. 
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cassava are the rule. On very large holdings which are mechanized 1 

industrial catch crops such as grain sorghum, peanuts, sesame (SesaJl1'.ml 

indicum) or cotton are planted. This industrial catch cropping is 

most often found on cashew plantations. The choice of a particular 

crop depends upon environmental conditions and the presence of local 

demand for the commodity. 

Once \.atch r.:r(;lrpin~ is ph~:cd out as the trees increase in size, 

spontaneous grasses replace them or pasture grasses are planted as 

permanent ground cover. Native ginger grass (PaapaZum maritimum) and 

African Guinea grass (Panicum maximum) have proven to be successful 

on cashew plantations (5). Thus in contrast to what occurs with native 

stands, ~Ihen these perennial crops are formally cultivated, grazing 

replaces annual cropping after a few years, rather than coexisting with 

it. 

Occasional intercropping of cashew, coconut or carnauba with other 

perennial crops is also practised in the region. But this represents 

a.variation of the system where the high planting densities of the main 

crop exclude livestock and annual cropping. For example, in southern 

Bahia, there is limited use of coconut to provide cacao with shade and 

~I'otection from wind. In the elevated areas of Pernambuco where coffee 

is grown, some older plantings are shaded with cashew trees (Fig. 4). 

Reportedly in Ceara, cashew trees are utilized to provide support for 

pepper vi nes. On very small fa rms one can see coconut and cashew, 

cashew and citrus, and cashew, banana and coconut interplanted. 

Carnauba is not found in association with other perennial crops. 

FIG. 4 HERE 
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4. SYSTEM FUNCTIONING 

In Brazil too, like in nearly every other country, agricultural statis­

tics are reported separately under headings of annual crops, perennial 

crops and livestock. Moreover, statistics are also published on the 

quantities of products gathered from wild plants in Brazil. Cashew is 

included as both a perennial crop and a gathered product, coconut as 

a perennial crop only, and carnauba as exclusively a gathered product. 

Under such circumstances it is imP9ssible to determine the area of the 

respective crops which is currently associated with livestock grazing, 

or the degree to I'lhi ch i ntercroppi ng of annua1 crops exi sts. Ne ve rthe1ess , 

the statistics available on perennial crops can be examined to gain a 

rough idea of the situation. The figures cited in the following dis­

cussion are from FIBGE (2, 3). 

In 1980, an area of 184,'151 ha was enumerated for cashew plantations in 

the Northeast .. Also that year, 18,387 t of unshelled nuts were gathered 

from natural stands. Conservatively, a cashew tree in Brazil yields 

about 2 kg of nuts per year. Thus 9,193,500 trees can .be estimated to 

have provided the total. Using the common plantation density equivalent 

of 100 trees per ha, this would represent 91,935 ha. Therefore 276,086 

ha of cashew trees can be used as an approximate total. The coastal 

areas of Ceara and Rio Grande do Norte states account for more than 70 

percent of this national total (Fig. l). In addition to the cashew nuts 

which furnish high-value kernels and the industrially valuable cashew 

nut shell liquid, the fleshy peduncle or apple of the fruit supports 

small local industries which produce juice and several types of preserves 

for the domestic market. Kernels and shell liquid are exported. 

The area under coconut is less complicated to determine, and in 1980 

\1" / 
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totalled 164,779 ha for all of Brazil. Over 60 percent of Brazil's 

total production of coconuts is from the coastal strip, about 50 km 

wide, in the states of A1agoas, Sergipe and Bahia (northern parts) 

(Fig. 1). About 10 percent occurs outside the Northeast Region. 

On the average, a coconut palm yields 25-30 nuts per year in Brazil. 

Green coconuts are harvested for direct consumption of coconut water 

as a beverage. Nature nuts support an industry which produces coconut 

milk and grated coconut; copra is not made. Locally the palm leaves 

are utilized for thatching and fencing. Brazil does not export coconut 

products. 

As far as the carnauba palm is concerned, no statistics on area are 
available, although the stands of native trees are estimated to number 
in the hundreds of millions. Najor concentrations are to be found in 
the rivpr valleys and coastal lowlands of Piaul, Cear€ and Rio Grande 
do Norte (Fig. 1), which account for more than 90 percent of the carnauba 
wax produced in the country. An indeterminable number of palms have been 
planted, at densities of 800-1200 per'ha, but the practice apparently 
ended in the 1950s. The palm furnishes two economic products: wax from 
the leaf surface which has many industrial uses, especially in the food 
industries because it is edible; and leaf fibre which is the raw material 
for a small, exclusively domestic, cottage industry of making hats, bas­
kets, etc. In 1980, wax production amounted to 18.25i t. all from the 
Northeast. At a wax yield of 5 g per leaf, and each tree providing 20 
leaves per year, a single palm would produce 100 g (4). Thus 1980 pro­
duction involved 188,570,000 palms. Wax has been a Brazilian export 
since the middle of the 19th century. Carnauba leaf fibre production 
in 1980 was reported to be 1398 t. Although no statistics are collected, 
carnauba wood is widely used in the Northeast for construction purposes. 

According to information obtained in the field, livestock raising is 
most often found in associations with cashew, coconut or carnauba on 
large landholdings. On cashew plantations, grazing is not practised 
the year around; cattle tend to be found in coastal areas, goats in 
the interior. Smallholders typically do not have the capital to invest 

, I '-\'
\ } 
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in cattle, but may run a few head of goats or donkeys and an occasional 

hog or two. No information on stocking rates fOl' plantation grazing 

is available. Plucknett states that t.he carrying capacity of one 

hectare of coconut plantations in Sri Lanka is 1.25 to 5 head of small 

Sinhala cattle (12). 

In socioeconomic terms, these three perennial cropping systems are 

quite labour intensive, but only on a seasonal basis. Harvesting of 

cashew nuts and apples, coconuts and carnauba leaves is all done by 

hand, as is a significant portion of the subsequent processing. For­

tunately f0r these agroindustries, Northeast Brazil has a sizeable 

rural populations which does seasonal harvest labour to supplement 

their income as subsistence-level farmers. 

6. SYSTE~' DYNAHICS 

Over the past few decades, each of these thr~e tree crops has experienced 

different rates of change. Area under cashew has increased considerably 

due to the establishment of large-scale plantations. Before the Brazilian 

government initiated a major programme to encourage cashew cultivation 

in the late 1960s, there were probably no more than a few thousand hectarel 

under actual plantation conditions, and prior to that, virtually all of 

the cashew nuts came from natural stands. The new programme proved to 

be a powerful stimulus to agri-business and led to the establishment of 

some 180,OuQ ha of modern cashew plantations, most of which were at a 

density of 100 trees per ha. Many of the new plantations are engagGd 

in catch cropping of subsistence and industrial crops, and some have 

subsequently converted the areas to pasture for grazing. 

Below-average rainfall during the period 1979-1983 led to some losses 
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of cashew trees, particularly on plantations in areas of poorer soil. 

Not unexpectedly, insects and diseases affecting cashew have also 

become more serious. These factors have prompted a period of re­

trenchment with plantations placing greater emphasis on cattle rais­

ing. In order to make that more feasible, new plantings are at a 

density of 51 trees per ha to allow more open area for grass growth. 

On some plantations, the earlier n~re dense plantings have been thinned. 

The state of cashew cultivation today is difficult to generalize because 

on the one hand, some plantations are ~lithout livestock, \~hereas there 

are establishments which r:!ve livestock as a primary objective and 

cashew growing as a secondary activity, on the other. 

Area under coconuts has also undergone a strong and steady expansion. 

From 73,583 ha in 1960, it increased to 117,193 ha in 1970 and to 

164,779 ha in 1980. Currently the Brazilian government has a major 

programme under way to encourage the establishment of new large-scale 

plantations of coconut, which although focussed on the Northeast, also 

includes the Amazon Region. Part of the prograrnrre is -to make available 

improved coconut varieties, including dwarfs, for the new plantings as 

well as for the needed replacement of older plantings. Since this 

programme involves large holdlngs almost exclusively, there exists the 

potential to expand the practice of plantation grazing. 

Quite a different pattern is found with regard to the carnauba palm. 

Wax production, which stood at 10,982 t in 1960, nearly doubled to 

20,378 t in 1970, but declined in 1980 to 18,857 t. The major reason 

for this decrease is attributable to the substitution of artificial 

waxes for carnauba in many of its nonfood uses. However, this decline 

in production does not reflect any decrease in the number of palms. 

When demand for wax is slack, the trees are simply not harvested. 
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Soroo minor losses of palms do occur I'lhen land is cleared for other 

purposes, but since the carnauba's native habitat is on poorly 

drained sites and flood-plains, there is minimal conflict of land 

use. Noreover the palms reproduce vigorously. 

The performance of the perennial crop-based system appears to be 

favourable in the cas~ of cashew an~ coconuts, but marginal for 

carnauba because of economic factors. Even without much wax harvest­

ing, however, the multip1e utility of the carnauba and its compatibility 

with grazing and annual cropping assures a continuation of the subtype. 

High demand for meat on domestic and foreign markets has made livestock 

more and more attractive to agri-business concerns. In fact, properly 

managed livestock raising on plantations should increase their sustain­

ability and avoid over-reliance on a single commodity. 

EVALUATION 

The system discussed in this paper has considerable roorit in the con­

text of the environmental, agricultural and socio-economic conditions 

in Northeast Brazil. From an environmental standpoint, establishment 

of new plantations of cashew or coconut represents an upgrading of the 

vegetative cover in most areas of occurrence, from what currently exists. 

There is a strong justification for protection of nati~e stands of 

carnauba because of their multiple utility. Plantation grazing is an 

enVironmentally sound practice, and adheres to the general recommendation 

that grazing is a preferred system for the dry savanna climates charac­

terizing so much of the Northeast (8). 

Agriculturally, the diversity of this perennial crop-based agroforestry 

system offers the advantage of making more efficient use of labour and 

equipment over the entire calendar year, thereby avoiding the peaks and 
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slacks of activity associated with monoculture. Plantation grazing 

does however have a few disadvantages too. Careful management practices 

must be followed to prevent animals from physically damaging young trees. 

Moreover. when natural stands are utilized, such as with the carnauba, 

grazing may, over time, hinder nLltural replacement of trees due to 

browsing on young leaves and trampling of seedlings. Livestock grazed 

beneath cashew trees can eat unutilized cashe\~ apples, but excessive 

quantities should not be allowed because of their high tannin content. 

Domestic animals also feed on the small carnauba fruits which fall to 

the ground. There is no general agreement among agronomists as to the 

advisability of grazing on plantations. Ohler (11) recommends against 

it, though from a rather narrow monocultural viewpoint. Plucknett views 

grazing on coconut plantations as an acceptable practice, and one which 

especially benefits smallholders (12). Similar results have also been 

reported from studies in the Solomon islands (13, 14, 15, 16). Vlith 

respect to Northeast Brazil, the long tradition of a variety of success­

ful grazing systems cannot, in any case, be ignored. 

There are a number of socioeconomic benefits from this system in the 

Northeast. The international market for cashew kernels is strong and 

elastic, and good potential exists for increased domestic utilization 

of the cashew apple. Coconut products enjoy high demand within the 

country, which is providing an incentive for expansion of t.he crop. 

The future of carnauba wax as a raw material is not very promising. 

Apparently international markets are undergoing an adjustment which 

will likely stabilize demand at a level below current production. 

Economically, livestock raisin9 is profitable in the Northeast, and 

the combining of it with cashew or coconut should strengthen the 

economic base of the individual plantation. 
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In social terms, the growth of agro-industry in the region creates new 

industrial employment. Given the large rural labour pool, there is not 

a strong incentive to mechanize plantation operations. In the rural 

areas, local inhabitants also benefit to a degree from having free or 

very inexpensive sources of thatch, wood, etc. from the plantations. 

Social reasons may, in fact, be the overriding justification for en­

couraging the 8xpansion of perennial-crop based systems. 

8. RESEARCH NEEDS 

It is obvious from the above description that although the system is 

practised over extensive areas and it has a number of merits, there is 

an almost total lack of information en its various management details. 

Practically no research, not even systematic survey and data collection, 

has been done on the system, so that no quantitative information is 

available on many, if not any, of the basic aspects. Therefore the 

first essential step in improving the system will obviously be to 

collect quantitative information on the functional and dynamic aspects. 

These should include current levels of produr.tion of various components, 

as well as the rate of change of production of components with time. 

It is important to ~ote that not only will the production of grass or 

other understorey species vary depending upon the age (and consequent 

interaction effects) of the overstorey species, but also the pattern 

of production of components of the system at a given growth stage or 

age of the overstorey species would have changed over a span of few 

years in a region. Once these data are assembled, the logical next 

step will be to examine the reasons for the observed behaviour and see 

how the efficiency of production could be improved. This will involve 

research on a large number of management aspects of the individual 

components as well as of the system. 

\~\ 
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The role of livestock in this system needs to be studied in more 

detai~. Research must be conducted to ascertain optimal stocking 

rate, which, in turn, will involve all the related aspects such as 

the species of grass, the type and breed of livestock, managerrent of 

overstorey and grass species and so on. 

Plantation owners and operators need to have better general and crop/ 

site-specific managen~nt techniques so that the full potential of this 

system can be realized. 
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lIST OF FIGURES 

Fig. 1: Map of Northeast Brazil showing the major areas where 

agroforestry systems involving cashew, coconuts and 

carhauba wax palm exist. 

Fig. 2:	 Acultivated coconut plantation near Aracaju, Sergipe 

with spontaneous grasses, typical of the type used for 

cattle grazing. 

(Photo:	 D.V. Johnson) 

Fig. 3:	 A natural stand of carnauba wax palms near Forta1eza, 

Cear~, with grazing of donkeys. The palm crowns are 

sparse because of )eaf harvest. 

(Photo:	 D.V. Johnson) 

Fig. 4:	 Agroforestry syste~ of growing coffee under the shade 

of cashew on a farm near Garanhuns, Pernambuco, Brazil. 

(Photo: D.V. Johnson) 
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SUMMARY 

Agroforestry is a new field of organized scien~ific pursuit although 

the practice encompasses some age-old land use activities. It involves 

elements of agriculture and forestry, wherein woody perennials are 

deliberately n.ixed or retained with crop or animal production units. 

A global overview of the current agroforestry situation indicates that 

there are several examples of agroforestry systems and practices in 

different ecological and geographic regions of the world, especially 

the tropics. Depending on the dominant components, these systems can 

broadly be classified into agrosilvicultural, silvopastoral and agro­

silvopastoral. Prominent examples of each are given from different 

parts of the tropics. 

The role of woody perennials in agroforestry systems can be both produc­

tive (producing food, fodder, fuel, wood, etc.) and protective (soil 

conservatiop. windbreaks and shelterbelts, etc.). 

Although agroforestry has the most apparent potential in marginal lands, 

it can equally be effective in high-potential areas too. In both types 

of areas, it can have a special role in situations where socio-economic 

or physical constraints force farmers to produce most of their basic 

needs from their own land. However, there are several scientific, insti­

tutional, developmental and extension constraints and impediments facing 

the development of agroforestry. 

While developing management approaches in agrol. ~stry. special emphasis 

has to be given to the overall performance of the system, and components 

may be viewed from such a perspective. Some fundamental aspects relat­

ing to the two major disciplinary components of land use systems plant 

and soil -- are also examined in the light of these considerations. 



TROPICAL AGROFORESTRY SYSTEMS AND PRACTICES 

1. INTRODUCT ION 

In the recent history of the developments in tropical land use, 

agroforestry as a term as well as a concept is second perhaps only 

to multiple cropping in terms of the rate and magnitude of the 

enthusiasm it has generated. It was not until the publication of 

the report of Bene et al. (1977) that the term was coined in the 

international scene, and since then, especially in the last quinquen­

nium, .there has been a veritable explosion of interest and activities 

relating to agroforestry. The word has now become so firmly implanted 

that despite its alleged linguistic inadequacy as pointed out by some 

critics (Stewart, 1981) and the likelihood of it being erroneously 

portrayed as a branch of forestry, it would now probably cause more 

confusion if another term to encompass the same concept were tried 

to be introduced and popularised. The concepts and principles of 

agroforestry have recently been elucidated in several publications 

frolr. the International Council for Research in Agroforestry (ICRAF) 

as well as other organizations. However, in view of thr newness of 

the topic, some of these fundamental aspects need to be recapitulated 

here even at the risk of repetition. 

2. AGROFORESTRY APPROACH TO LAND USE 

It is certainly not (only) the currently prevalent "fad" for new 

terminologies that has activated and accelerated agroforestry. As 

pointed out by Lundgren and Raintree (1983), agroforestry is the 

first concrete concept that builds on a synthesis of much of the 

practical experience and scientific knowledge acquired over the past 

\' 
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decades in tropical agriculture, forestry, ecology, soil management 

and rural socioeconomics. Increasing dependence of modern agricultural 

technology on high-value inputs on the one hand, and the deteriorating 

economic situation of most of the developing countries on the other, 

have caused a renewed awareness about the potentials of age-old con­

servation fanning technologies. At the same time, the seriousness of 

forest destruction and its alarming cons~quences are also being increas­

ingly realized. The major cause of deforestation is now recognized to 

be man I s search for more and more areas to produce food to meet the 

ever-increasing demand for this basic need. Thus, in the wake of the 

mounting pressures of food and fuel shortage, and the serious environ­

mental problems associated with deforestation, it is no longer prudent 

to ignore the conservation benefits and the potential for sustained 

yields provided by agroforestry farming systems based on or involving 

trees and other woody perennials, some forms of which have been in 

existence for a long time in various parts of the world. 

How to find a definition for agroforestry embodying all these concepts 

and encompassing all the complexities? Certainly there is no concensus 

of opinions. Many definitions have been proposed (see Agroforestry 

Systems 1, 7-12, 1982). Some have even gone to the extent of exag­

gerated and presumptuous claims that agroforestry, by definition, is 

a superior and more successful approach to land use than others. The 

definition that is adopted by ICRAF reads as follows: 

Agroforestry is a collective name for land-usa systems 

and technolog1:as where woody perennials (trees, shrubs, 

palms, bamboos, etc.) are deliberately used on the same 

land-management unit as agl>icultul'al crops and/or anilTnls, 

eii-her on the scune form of spatial al"rangemant or tompol"al 

\
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sequence. In agroj'orestl'Y systems there are both 

ecologioal and economical interactions betlJXJen the 

different components. 

This	 definition implies that: 

i) agroforestry normally involves two or more species of 

plants (or plant and o.dmals), at least one of which 

is a woody perennial; 

ii)	 an agroforestry system always has two or more outputs; 

iii)	 the cycle of an agroforestry system is always more than 

one yea r; and 

iv)	 even the most simple agroforestry system is more complex, 

ecologically (structurally and functionally) and economi­

cally, than a monocropping system. 

(Readers interested to know more about these cuncepts and principles 

may contact the Information/Documentation Services of ICRAF, P.O. Box 

30677, Nairobi, Kenya). 

3. VARIETY OF AGROFORESTRY SYSTEMS AND PRACTICES 

3.1. Classification of Agroforestry Systems 

Whatever the definition of agroforestry, it is now generally agreed 

that it represents an approach to land use involving deliberate 

retention of trees and other woody perennials in the crop/animal pro­

duction fields (Lundgren and Raintree, 1983; Nair, 1983 a; b). If 

we look at the existing land use systems keeping such a broad concept 

of agroforestry in mind, we find that several of them can be considered 

to ecnompass the principles of agroforestry. 
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Attempts have been made by various authors to classify the different 

agroforestry systems. Obviously. a classification scheme will depend 

upon the purpose for which it is to be used. On a global basis. there 

can be geographical considerations. and within each geographical region 

there can be ecological factors that detennine the type of systems in 

a locality. Social factors. especially demographic, coupled with eco­

nomic background of the population can add another dimension to it. 

However. the baisc structure of a system is decioed primarily by the 

type and arrangements of its components. Therefore, one of the primary 

criteria in clnssifying agroforestry systems is the components that 

constitute the system. 

Following the definition mentioned in section 2, the basic groups of 

components in an agroforestry system can be two or three: woody peren­

nials. herbaceous crops and/or animals. Since the woody perennial forms 

the common der.~minator in all agroforestry systems, a component-based 

classification scheme will logically have to be based on this predominant 

component. Here again. the criteria. as pointed out by Torres (1983 a), 

can be several: the type of woody perennial, its roZe and function in 

the system, the nature of interaction betw~en the woody and other com­

ponents. and so on. All component-based classification schemes of agro­

forestry systems have so far considered the type of woody perennials as 

the first step in the exercise. and based on that. three broad sub­

divisions have been proposed by Nair (1983 d): agrosilvicultural, silvo­

pastoral and agrosilvopastoral. 

The agrosilvicultural system combines the production of tree crops 

(forest-, horticultural-, or agricultural plantation-) with herbaceous 

crops. in space or time, to fulfill productive or protective roles 

within the land management systems. Examples can be hedgero~1 
J 
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intercropping (alley cropping), improved "fa11m'/" species in shi fting 

cultivation. mu1tistorey multipurpose crop combinations. multipurpose 

trees and shrubs on fann lands. shade trees for commercial plantation 

crops. integrated crop combinations I'/ith plantation crops, agroforestry 

fue1wood production systems, shelterbe1ts and windbreaks and so on. 

The si1vopastoral systems integrate I'/oody perennials I'/ith pasture and/ 

or livestock. Examples include animal production systems in which 

multipurpose woody perennials provide the fodder (protein bank). or 

function as living fences around grazing land or are retained as 

commercial shade/browse/fruit trees 11 pasture lands. The agrosi1vo­

pastoral systems. as the name implies. combine trees and herbaceous 

crops wi th ani mal 5 and/or pas tures. The use of woody hedgerows for 

browse. mulch and green manures and for soil conservation. the crop/ 

tree/livestock mix around homesteads. etc. are good exmp1es of this 

system. It is also a common practice in some places to have sequential 

patterns (integration in time) of agrosi1vicultura1 phase followed by 

a silvopastoral one so that initially trees and crops are established. 

and later on. the crops are replaced with pasture. and animals are 

brought in. 

3.2. Field Examples of Agroforestry Systems in the Tropics 

ICRAF is currently undertaking a ~10ba1 inventory of agroforestry 

systems and practices that exist in the tropics and subtropics. The 

basic document that was prepared for the project included a preliminary 

overview of the situation as a "Systems Overviel'/ Table" indicating the 

most prominent examples found in different geographical regions. An 

up-dated version of the Table is presented as Table 1. 

TAI3LE 1 HERE 
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The ICRAF survey collects infonnation pertaining to the functioning 

of these systems, as well as analyzes their merits, weaknesses and 

constrain+' with a view to identifying research needs and extending 

the system to other areas. A summary account of some of these exten­

sively practised agroforestry systems and practices is given in Table 2. 

(For a more detailed account of the woody species involved. see N&ir, 

1983 d and Nair et al., 1984). Without going into the details, suffice 

it to say that there are several extensively practised land use systems 

which though not known by the name agroforestry, do encompass the 

agroforestry approach to land use. 

TABLE 2 HERE 

4. PRODUCTIVE AND PROTECTIVE ROLES OF AGROFORESTRY 

The field examples of agroforestry systems and practices presented in 

Table 2 show that they are not only widespread in different ecological 

regions, but are also important in terms of the role of woody peren­

nials in producing the basic needs and/or protecting and prologing the 

sustainability of the system. These primary roles (productive/protective) 

of the woody perennials,the type of their interactions (temporal/spatial) 

with the other major components and the spatial arrangement of the com­

ponents (mixed/zonal) in the major agroforestry systems are summarized 

in Table ::.. 

TABLE 3 HERE 

4.1. Productive Role 

The productive role of the woody perennials in agroforestry systems 

includes production of food, fodder, firewood and various other pro­

ducts. One of the most prorilising technologies of this kind that is 
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applicable in a wide range of situations is the hedgerow intercropping 

(alley croppin~) in crop production fields. Promising results have been 

obtained from this type of studies conducted at the International Insti­

tute of Tropical Agl'iculture (IITA), Ibadan, Nigeria (Wilson and Kang, 

1981), where the practice is called alley cropping. The most promising 

system based on those trials is leuaaella leuaoaephala/maize alley crop­

ping. IITA studies showed that 1eucaena tops maintained maize grain 

yield at a reasonable level even with nitrogen input on a low-fertility 

sandy Inceptisol, the nitrogen contribution by leucaena ~ulch on maize 

grain yield being equivalent to about 100 kg ha- l for every 10 t ha- l 

of fresh prunings (Kang et al' J 1981). The hedgerow intercropping 

system offers the advantage of incorporating a woody species with 

arable farming system without impairing soil productivity and crop 

yields. The potential of nutrient (N) contribution by several candidate 

species of woody legumes suggests that a wide range of such species 

could be integrated into crop production systems (Nair, 1984; Nair et al' J 

1984) . 

Integration of trees in crop production fields is an essential part of 

traditional farming systems in the dry regions also. Two typical 

examples are the extensive use of Aaaaia albida in the groundnut and 

millet production areas of sub-Saharan Africa (Felker, 1978) and the 

dominant role of PI'osopis aineraria in the al'i d north-Western parts 

of India (Mann and Saxena, 1980). 

The role of woody perennials on farmlands for producing fuelwood is 

another example of the productive role of species in agroforestry. 

The seriousness of the fuelwood situatio'l has been well recoanized all 

over the world, so that several ~ ~itiatives and studies on this aspect 

are currently being undertaken. Several fast-growing firewood crops. ;y 
\. J 
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most of them legumes, suitable for different environmental conditions, 

have been identified (NASI 1980); most of them combine well with con­

ventional agricultura crops (Nair, 1980). 

In the "ani ma 1 agrofores try" sys tems, the \~oody components coul d be 

used either as a source of fodder to improve livestock productivity 

or to obtain another commodity such as fuel, fruit, or timber. Based 

on this "productivity objective", silvopastoral systems can be either 

browse grazing or forest/plantation grazing systems. The role of woody 

perennials in these systems has been reviewed excellently by Torres 

(1983.b). 

4.2. Protective Role 

The protective role of woody perennials in agroforestry stems from their 

soil improving and soil conserving functions. There are various avenues 

through which the leguminous woody perennials could improve and enrich 

soil conditions; these include fixation of atmospheric nitrogen, addi­

tion of organic matter through litterfall and dead and decaying roots, 

modification of soil porosity and infiltration rates leading to reduced 

erodibility of soil and improving the efficiency of nutrient cycling 

within the soil-plant system (Nair, 1984). However, the main protective 

function of woody perennials is in physical conservation of the soil. 

The long tradition of planting Leucaena ZeucocephaZa in contour hedge.: 

for erosion control and soil improvement in Southeast Asia, especially 

Indonesia, is a typiccll example. Indirect terraces are also formed 

when the washed-off soil is collected behind the hedges. Loppings 

and prunings from such hedgerow species could also provide mulch to 

aid in preventing sheet erosion bet~leen trees (Zeuner, 1981; Neumann, 

1983). The presence of more plant cover on the 5011, either alive or 
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as mulch, also reduces the in~act of raindrops on the soil and thus 

minimizes splash and sheet erosion. Therefore, a5 pointed out by 

Lundgren and Nair (1983), the potential role of agroforestry in soil 

conservation lies not only in woody perennials acting as a physical 

barrier against erosive forces, but also in providing mulch and/or 

fodder and fuel wood at the same time. 

Othe r protecti ve functi ons of woody perenni a1sin agrofores try inc hide 

their role as live fences, shelterbelts and windbreaks. Use of trees 

and other woody perennials to protec agricultural fields from tres­

passing or against the adverse effects of wind is a wide-spread practice 

in many agricultural systems. For example, a large number of multi­

purpose woody perenni a1s are bei ng used as effecti ve 1i ve fen ces at 

CATIE (Centro Agronomico Tropico de Investigacion y Ensenanza), Turrialba, 

Costa Rica (Budowski, 1983). Similarly, very encouraging results on 

shelterbelts and windbreaks have been obtained at the Pakistan Forestry 

Research Institute, Peshawar (Sheikh and Chima, 1976; Sheikh and Khalique, 

1982), as indicated in Table 2. 

5. CONSTRAINTS AND POTENTIALS 

5.1. Constraints 

There are several scientific, institutional, developmental and manage­

ment constraints and impediments to be overcome before scientifically 

sound agroforestry technologies can be developed and adopted in areas 

where other and use systems are breaking down. 

Scientifically, agroforestry has no distinct identity or separate 

existence of its own as yet. By its very nature, it is an integrated 

and multidisciplinary approach encompassing complex systems. Existing 
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land use research institutions, both national and international, are 

mostly oriented to specific commodities, disciplines or ecological 

regions so that they are poorly equipped to handle complex topics 

such as agroforestry. The scientists themselves are mostly too 

discipline-oriented (such as specialists in one or the other branch 

of agriculture, forestry, animal husbandry, etc.) so that it is not 

an easy task to persuade them to relegate and reorient their disciplinary 

pursuits to the interdisciplinary needs of a multidisciplinary team. 

Noreover, the experimental methods and procedures that have been developed 

over the decades for specific disciplines and components will have to be 

modified to make them applicable and relevant to integrated and complex 

systems, which by no means, is an easy task. 

Institutional constraints to agroforestry development are also equally 

complex. As mentioned in the introductory section of this paper, rigid 

boundar~es often separate departments dealing with different aspects of 

land use, leading to increasing competition for scarce developmental 

resources at governmental and administrative levels. As pointed out by 

Lundgren and Raintree (1983), even in places where fOI1TIal agroforestry 

prograrrmes exist, they fall under the forestry departments with very 

little knowledge of, let alone interaction with, the agriculture depart­

ments (Which, usually, are more 'prestigious' and 'powerful' than the 

respective forestry departments). The situation is much the same in 

the international sphere too. Thus there exists a sort of vicious 

circle: on the one hand agroforestry has not developed to earn a 

separate identity in tenns of resources allocation, and, such a re­

spectability and identity can, on the other hand, be achieved only 

by research investments for development. 

The transfer of technology to the masses is another big step involved 
\.1
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in the adoption of such land use practices. The majority of the 

fanners in the tropics are preoccupied by their efforts to find the 

current basic needs of food, fuel, shel ter, etc. so that they cannot 

easily be bothered about the merits of long-term approaches and 

investments. Thus, it may be relatively easy to introduce short-term 

technologies such as new species or better varieties of agricultural 

crops, or to make marginal improvements in the management of existing 

tree components. But, it will be considerably more difficult and 

challenging to convince farmers about incorporation of tree components 

over existing crop or animal enterprises, especially if land tenure is 

uncertain and success of the system is not guaranteed. The problem is 

compounded by poor and inadequate extension services that can seldom 

handle complex problems such as those of agroforestry. 

Management constraints of agroforestry are a.so several and of varied 

nature. Special skills and sustained efforts are needed for undertaking 

the various management aspects of trees, about which many crop or live­

stock farmers may not be aware of. Interaction b(~t\~een components, 

e~pecially the hypothetical adverse effects of trees on crops, is an 

area about which farmers who are not experienced with such systems are 

very apprehensive, and researchers are not equipped enough to allay such 

apprehension. It is interesting to note in this context that a survey 

on the extent of intercropping in coconut lands in Sri Lanka identified 

seven important problems/constraints that are faced by the fanners in 

expanding their intercropping activity (Liyanage et aZ' J 1984). These, 

in order of their relative importance, were: drought, lack of funds, 

price in~tability, lack of technical know-how, problems of timely 

availability of labour, availability of planting materials, and thefts. 

On an average, each intercropper faced at least three of these problems, 
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their nature and extent being dependant on the size of holding and type 

of lntercrop. 

5.2. Po tent i a1s 

Notwithstanding the above-mentioned constraints, agroforestry has great 

potential over vast areas of land. As indicated earlier, the most 

apparent potential for agroforestry exists in areas where soil fertility 

is low and is dependent mainly on soil organic matter fraction, and 

where erosion hazards are high. And such "marginal lands" cover a 

majority of land areas in the tropics. Proper integration of appropriate 

woody species in the land use systems in these areas can enhance both 

land productivity and sustainability. 

HO\~ever, the potential of agroforestry is, by no means, confined to such 

"marginal" lands; it is equally applicable to high-potential lands. 

Indeed. we can find indigenous agroforestry systems wherever there has 

been a history of population pressure and a long-standing need for 

efficient management of scarce resources (Lundgren, 1982). Some of the 

most successful smallholder systems mentioned in Table 2 are, in fact. 

found on high-potential, fertile soils where such integrated systems 

are often superior and preferred to other forms of land use. In both 

low-potential and high-potential areas, agroforestry can have a special 

role in situations where land tenure system or infrastructural limita­

tions (road, transport, markets. etc.) make it imperative for the 

farmers to produce most of their basic needs (food, fuel. building 

poles. etc.) from their own land resources. 

The pocentia role of agroforestry in production systems producing 

food, fodder, fuelwood, poles, etc. and in protecting the environn~nt 

throlAgh soi I conservation. wndbreak, etc. has already been indicated 
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in section 4.2. Agroforestry approaches have also been suggested as 

alternatives to resource-depleting shifting cultivation (Nair, 1983 d) 

as well as in other specific environments (Nair, 1983 c). It has also 

a special role in combating desertification and deforestation because 

the primary reason for forest destruction is man's ever-increasing 

demand for more land f0r producing food and agroforestry offers possi­

bilities for producing food and wood at the same time from the same 

piece of land (King, 1979; Nair, 1982). 

6. MANAGEMENT APPROACHES FOR DEVELOPMENT OF AGROFORESTRY SYSTEMS 

Basically, there are two approaches in the study of an entity. First, 

to consider the different components and study them individually, paying 

particular attention to their cause-effect relationships. Most of the 

agricultural research conducted in the past has been of this nature, and 

these studies have helped us to improve our knowledge considerably. 

However, problems often arise when we try to put the pieces together 

and predict the behaviour of the system, which often consists of some­

thing mOI~ than the individual components. The second approach is to 

study the system in its totality -- a system will, of course, be con­

sidered to consist of different sub-systems. 

In agroforestry, the individual components to be studied and their 

interactions are many. Moreover, the studies are normally of a very 

long-term nature. Inadequate planni ng and uncoordi nated data-gatheri ng 

without a central theme, as is likely to occur in individual disciplinary 

experiments, might lead to the drawing of incorrect conclusions with 

respect to the system as a whole. In addition, the extrapolation of 

results obtained from such piece-meal research might be extremely 

dangerous. Therefore, the technological assessment in agroforestry 
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research should concentrate less on types of component analyses, in 

which the factors and organisms are treated as if they were independent 

entities, but focus more on approaches in which the interactive, inte­

grative, and emergent properties are also included. 

This is, however, not to suggest that approaches aiming at gathering 

basic information on the components of the system are not required. In 

fact, when the land use system is examined in its totality certain 

aspects of the components that need to be studied in detail to produce 

the expected technologies will come to the fore. In most cases, such 

techno1ogi es and managemen t app roaches tha t wi 11 requi re i Illnedi ate 

attention will be related to plant and soil components. 

6.1. Plant Aspects of Agroforestry 

Because of the newness of agroforestry, there are no conventional plant 

speci es tha t can be ca tegori zed as "agrofores try speci es" . A11 speci es 

that can grow well in combined production systems fall under the domains 

of "agricultural, "forestry", "horticultural", or other established 

classes. Therefore, what is important is to examine the "suitability" 

of economic plant species to agroforestry, no matter whether it is 

known to belong to any of the conventional disciplinary group~. Nair 

(1980) examined the "agroforestry potential" of several of the better­

known as well as lesser-known "agricultural" and "horticultural" species 

and found that most of them can grow and produce reasonable yields under 

combined production systems. 

When considering integration of trees on farmlands where some agricul­

tural species are already being grown, it is assumed that there will 

be little or no change in the type of such herbaceous species: they 

will continue to be limited to what the local p0pulation or established 

\I( I) 



- 15 ­

markets require. On the other hand, the compatability and complementa­

ri ty of the woody perenni a1 \'1ith such herbaceous speci es wi 11 be the 

important consideration. In addition to the genotype of the woody 

species as such, its resource-sharing capabilities, potential micro­

site enrichment capability, and environmental amelioration are also 

or prime importance. Thus, appropriate management measures (pruning, 

lopping, pollarding, browsing, time of sowing in the case of herbaceous 

species) have to be practised in order to optimize the benefits in 

combined production systems. Peculiar phenological characteristics of 

economically useful species may become very convenient in some contexts. 

A typical example is the tree Acacia albida J which produces leaves prior 

to the onset of rains and shed the leaves during rainy season, so that 

millet and groundnut can be grown close to the tree in the rainy season 

without bei ng shaded, and at the same time they can benefi t by the mi cro­

site enrichment by the tree (Felker, 1978). 

Plants, especially woody species, that have hitherto been very little 

studied and understood may prove themselves to be very valuable for 

agroforestry. Prime candidates \'1ill be species that can grow well with 

other species, that thrive in environments that are too harsh for most 

other species, that simultaneously yield several products (food, fuel, 

fodder), that provide environmental amelioration (e.g. soil conservation) 

and that enrich the micro-site, such as by nitrogen fixation or nutrient 

cycling. Luckily, a few species have been identified that possess some, 

if not all, of these attributes (NAS, 1975; Ritchie, 1979), and they 

are now receiving scientific attention. 

Arrangement of component plant species in space and time is also an 

important but difficult factor in agroforestry because of the many 

variations in the types of agroforestry practices and the conditions 
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under which they are practised. The motivation for most of the various 

kinds of smallholder agroforestry systems that are prevalent through­

out the world (Tables 1 and 2) has been to find plants that provide 

multiple products and that can be grown on the available land. When 

attempting to improve such systems or to devise new ones, it therefore 

is necessary, to know about both the short-term productivity of the 

plants and the long-term sustainability of the system. Thus depending 

on whether the tree-crop interaction is favourable or not,plant arrange­

ments have to be devised to maximize the beneficial interactions and 

minimize the undesirable ones. There are also several other factors to 

be taken into account. Examples include: growth habits and growth 

requirements of the component species when grown near other species, 

simplicity of management procedures for the whole system, and realiza­

tion of additional benefits like soil conservation. These plant aspects 

of agroforestry were brought out in considerable detail in an expert 

consultation organized by ICRAF (Huxley, 1983). 

6.2. Soil Aspects of Agroforestry 

State-of-the-art of soils aspects of agroforestry was brought out in 

an ICRAF Consultation in 1979 (Mongi and Huxley, 1979). Since agro­

forestry is particularly suitable for farmers with limited resources 

in marginal areas, where sedentary agriculture or forestry systems 

may not be the most feasi ble and desi rable, the system must be sel f­

maintaining. This means that the system should attain maximum 

efficiency in inputs and maintain productivity of soil with a strong 

empha si s on resource consl. rva ti on. In vi ew of the importance of the 

self-sustaining and resou~ce-conserving attributes of agroforastry, 

the likely effects of agroforestry on long-term productivity of soil 

have been examined using existing knowledge derived from sinrllar land 
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use systems (Nair, 1984). This involved an evaluation of soil produc­

tivity changes under shifting cultivation, taungya, plantation forestry, 

integrated systems involving plantation crops and multiple cropping. It 

also entailed an assessment of the role of trees in soil productivity 

and protection. 

The analysis revealed that several advantages in terms of soil produc­

tivit.y and protection could be anticipated by proper incorporation of 

appropriate woody species in land use systems. Some expedient soil 

management technologies of a general nature were also suggested based 

on these considerations. 

In conclusion, agroforestry has generated a lot of enthusiasm among 

various groups of people. There are several types of agroforestry 

systems and all of them are very complex in nature. The scientific 

approach to the study of these complex systems is difficult, time-con­

suming and needs multidisciplinary input. Most of the hypothesis con­

cerning the potential as well as management approaches of agroforestry 

are still in the hypothetical and speculative stage. In order to 

validate the hypotheses and devise sound management technologies, re­

search has to be undertaken on these various aspects in a systematic 

manner in different agro-ecological situations. While interrreting 

results from such rese~rch and trying to extrapolate them to other 

situations, the overall systems perspective of agroforestry has to be 

given adequate attention. 

ACKNOWLEDGEMENTS 

ICRAF's Agroforestry Systems Inventory project, some results of which 

are included in this paper, is funded partially by the United States 

Agency for International Development (USAID). Mr. Erick C.M. Fernandes, 

my colleague in the project has contributed substantially to the paper, 

espec:ally Tables 1 and 2. 



- 18 -


REFERENCES 

Alvim,	 R. and Nair, P.K.R. (1984). Agroforestry practices involving 

agricultural plantation crops in southeast Bahia, Brazil, No.9 

of AF System Description Series, Agl~foreatry Systema (In Press). 

Ambar,	 S. 1982. Overview of the results of traditional agroforestry 

study in Ci-Tarum river basin, West Java. Paper presented to 

The Regional Seminar-workahop in Agmforestry. 18-22 October, 

1982. SEARCA, College, Laguna, The Philippines. 

Bene, J.G., Beall, H.IL and CdtcL A. (1977). Trees, Food and People ­

land Nanagement in the Tropics, IDRC 084e, International Develop­

ment Research Centre, Ottawa. 

Boonkird, S.-A., Fernandes, E.C.H. and Nair. P.K.R. (1984). Forest 

villages - an agroforestry approach to rehabilitating forest 

lands degraded by shifting cultivation in Thailand, No.2 of 

AF System Description Series, Agrofo1'estry Systems (In Press). 

Bourke, H. (1984). Food, coffee and Casuarina: an agroforestry system 

from the Papua New Guinea highlands, No.6 of AF System Descrip­

tion Series, Agroforestry Systems (In Press). 

Budowski, G. (1983). An attempt to quantify some current agroforestry 

practices in Costa Rica, in Plant Research and Agroforestry (Ed. 

Huxley, P.A.), pp. 43-62, ICRAF, Nairobi. 

De las Salas, G. (Ed). (1979). Proceedinga of the r';orkshop on Agro­

foreatry Syatems in latin Nnerica. CATIE, Turrialba, Costa Rica. 

Evans,	 P.T. and Rombold, J.S. (1984). Paraiso (Melia azedarach var. 

"Gigante") woodlots' an agroforestry alternative for the small 

fanner in Paraguay, No.5 of AF System Description Series, 



- 19 ­

Agl'of02'esf;ry Systems (I n Press). 

Fernandes, E.C.M., O'King'ati, A. and Maghembe, J. (1984). The Chagga 

home-gardens: a mul ti -storied agroforestry cropping system in 

Mt. Kilimanjaro, N. Tanzania, No.1 of AF System Description 

Series, Agl'oforest2'y Systems (In Press). 

Felker, P. (1978). State of the A2,t: Acacia albida as a complementary 

intercrop with annual crops, Univ. California, Berkeley, 

California (Grant No. A:D/afr C-1361; mimeographed report). 

Fonzen, P. andOberholzer, E. (1984). Use of multipurpose trees in 

hill farming systems in western Nepal, No.4 of AF System 

Dt::icription Series, Ag2'oforestl'y Systems (In press). 

Getahun, A., Wilson, G.F. and Kang, B.T. (1982). The role of trees in 

the farming systems in the humid tropics, in Agroforestry in the 

African Humid Tropics J (Ed. r~acDonald, L.H.)' pp. 28-35, UNU, 

Tokyo. 

Hecht, S.B. (Ed). (1982). Am::lzonia: Agl'icultul'e and Land Use Reseal'chJ 

CIAT, Cali, Colombia. 

Heuveldop, J. and Lagemann, J. (Eds). (1981). Agl'ofol'estl'Y: PToc. of 

a seminaI' held at CATIEJ 23 February - 3 March, 1981, CATIE, 

Turrialba, Costa Rica. 

Hux 1ey, P. A. (Ed). (1983). Plant Reseal'ah and Agroforestl'YJ Proceed­

ings of an Expert Consul ta tionJ ICRAF, Na i robi . 

Indian Council of Agricultural Research. 1979. Proceedings of the 

Naticrzal Seminar on Agrof02'estrYJ May 1979. ICAR, New Delhi. 

Johnson, D. V. (1983). Agro j02'estry Systems in NOl'theast BrazilJ 

Report of the Speci a1 Consultan t, ICRAF, Na i robi (unpub1i shed). 



- 20 -


Johnson, O.V. and Nair, P.K.R. (1984). Perennial crop-based agro­

forestry systems in northeast Brazil, No.8 of AF System 

Oescri pti on Se ri es I Agl'ofol'est!'y Systems (In press). 

Kang,	 B.I., Wilson, G.F. and Sipkens, L. (1981). Alley cropping maize 

and leucaena in southern Nigeria, Plant and Soil J 63, 165-179. 

Kundstadter, P., Chapman, E.C. and Sabhasri, S. (Eds). (1978). Farmel's 

in the FOl'est: Ec:onomia Development and Naroginal Agl'iaultul'e in 

NOl'thern n~iland, East-West Center, Honolulu, Hawaii. 

Little, E.L. (1983). Common Fuelwood Cl'Ops: A Handbook fol' theil' 

Identifiaation, McClain Printing Co., Parsons, West Virginia. 

Liyanage, M. de S., Tejwani, K.G. and Nair, P.K.R. (1984). Inter­

cropping under coconuts in Sri Lanka, No. 7 of AF System Descrip­

tion Series, Agl'ofol'est!'y Systems (In press). 

Lundgren, B.D. (1982). Agroforestry approaches to land use in the 

tropi cs, FOUl'th InteI'Y'.utional Congl'ess of INTERFORSTJ Muni ch. 

Lundgren, B.D. and Nair, P.K.R. (1983). Agroforestry for soil con­

servation, Second International Confel'ence on Soil Erosion and 

Conse1'Vation J Honolulu (Proc. in press). 

Lundgren, B.D. and Raintree, J.B. (1983). Sustained agroforestry, in 

Agl'iaultu:ral Revearoch fol' Development: Potentials and Challenges 

in Asia (Ed. Nestel, B.), pp. 37-49, ISHAR, The Hague. 

Mann,	 H.S. and Saxena, S.K. (Eds). (1980). Khejl'i (Prosopis cineraria) 

in the Indiun Desel1 t J CAZRI Monograph No. 11, Central Arid Zone 

Research Institute, Jodhpur, India. 

Mongi, H.O. and Huxley, P.A. (Eds). (1979). Soila Researoch in Agl'o­

foroeatroy - PI'oceedinga of an Expel't G'onauZtation J ICRAF, Nai robi . 



- 21 -


Nair,	 P.K.R. (1979). Intensive MUltiple cropping with Cooonuts in India: 

Prinoiples, Prog~wnmes and Prospects, Verlag Paul Parey, Berlin 

(West) . 

Nair, P.K.R. (1980). Agnofo~estry species: A C~op Sheets ft~nual, ICRAF, 

Nai robi . 

Nair, P.K.R. (1982). Agroforestry: a sustainable land-use system for the 

fragile ecosystems in the tropics, Malay. Nat. J., 35, 109-123. 

Nair,	 P.K.R. 1983 a). Multiple land-use and agroforestry, in Bette~ 

Crops fo~ Food, CIBA Foundation Symposiwn 97, pp. 101-115, Pitman 

.Books, London. 

Nair,	 P.K.R. (1983 b). Tree integration on farmlands for sustained 

productivity of smalllioldings, in Envi~orunentaZZy Sound Agnoul­

tu~al Alte~natives, (Ed. Lockeretz, IL), pp. 333-350, Praeger, 

New York. 

Nair,	 P.K.R. (l983 c). Some promising agroforestry technologies for 

hilly and semi-arid regions of Rwanda, in Repo~t of a Semina~ on 

Ag~icult~al Rese~ch in RWanda: Assessment and Pe~speotives. 

(Ed. Chang, J.), pp. 93-99, ISNAR, The Hague. 

Nair, P.K.R. (1983 d). Alternative and improved land use systems to 

replace resource-depleting shifting cultivation, Expe~t Consulta­

tion on Strategies, Approaches and Systc.ms fo~ Integrated I{ate~­

shed Management, Forest Resources Division, FAO, Rome. 

Nair, P.K.R. (1984). Soil Productil'ity Aspeots of Agrofo~est~y, ICRAF, 

Nai robi . 

Nair, P.K.R., Fernandes, E.C.M. and Wambugu, P.N. (1984). Multipurpose 

legumi nous trees and shrubs for agroforestry, Agrofo~efJt~y Systems 

(In press). 



- 22 -


NAS (1975). Underexp loi ted 1'1'opioa l Plan ts wi th Promising Eoonomio 

Value, National Academy of Sciences, Washington, D.C. 

NAS (1980). FirelJood Crops: SJu>ubs and TI'ees for Energy P!'odlwtion, 

National Academy of Sciences, Washington, D.C. 

Neumann,l. (1983). Use of trees in smallholder agriculture in tropical 

highlands, in Environmentally Sound Agriculture, (Ed. Lockeretz, 

W.), pp. 351-374, Praeger, New York. 

OkafoI', J.C. (1982). Promising trees for agroforestry in southern 

Ni geri a , i n Agroforestry in the Afrioan IIwnid Tropios, (Ed. 

MacDonald, L.H.), pp. 103-107, UNU, Tokyo. 

Panday, K. (1982). Fodder Trees and Tree Fodder in Nepal, Swi ss Devpt. 

Corp., Berne, and Swiss Federal Inst. of Forestry Research, 

Birmensdorf., Switzerland. 

Richardson, S.D. (l982). Agroforestry education in the south Pacific 

opportunities and constraints, International Workshop on 

Profeooional Eduoation in Agroforestry, December 1982, ICRAF, 

Nairobi (Proceedings in press). 

Ritchie, G.A. (Ed). (1979). New Agrioultural Crops, S~lected Symp. 

No. 38, American Assoc. Adv. Sci., Westview Press, Colorado. 

Sheikh, r~.I. and Chima, A.M. (l976). Effect of windbreaks (tree rows) 

on the yield of wheat crop, Pakistan Journal of Forestry, 26(1), 

38-47. 

Sheikh, M.l. and Kha1ique, A. (1982). Effect of tree b"!lts on the 

yield of agricultural crops, Pakistan Journal of Forestry, 32, 

21-23. 

Singh, R.V. (1982). Fodder Troes in India, Oxford and IBH Pub. Co., 

New Delhi. 



- 23 -


Stewart, P.J. (1981). Forestry, agriculture and land husbandry, 

C01"nonw. For. Rev., 60(1), 29-34. 

Torres, F. (1983 a). Agroforestry: concepts and practices, in 

Agrof02'eo try Systems for SlIulZ-ocale Farmers, (Eds. Hoeks tra , 

D.A.	 and KU9urU, F.M.), pp. 27-42, ICRAF/BAT, Nairobi. 

Torres,	 F. (1983 b). Role of woody perennials in animal agroforestry 

Agroforestry Systems 1: 131-163. 

von Mayde11, H. -J. (lg84). Agl'Oforestry Systems and hu'utices in the 

Arid and Semi-Ar'id Parts of Africa, Report of the Special Con­

sultant, ICRAF, Nairobi (unpublished). 

Wiersum, K.F. (1982). Tree gardening and taungya in Java: examples of 

agroforestry techniques in the humid tropics, Agroforestry Systems 

1, 53-70. 

Wilken, G.C. (1977). Integration of forest and small scale farm systems 

in middle America, Agro-Ecosystems 3, 291-302. 

Wilson, G.F. and Kang, B.T. (1981). Developing stable and productive 

biological cropping systems for the humid tropics, inA Scientific 

Approach to Organic Farming. (Ed. Stonehouse, B.), pp. 193-203, 

Butterworth, London. 

Yandji, E. (182). Traditional agroforestry systems in the Central 

Afri can Repub 1i c, in Agroforestry in the African Humid Tropics. 

(Ed. MacDonald, L.H.l, pp. 52-55, UNU, Tokyo. 

Zeuner, T.H. (1981). An ecological approach to farming: some experiences 

of the agro-pastoral project, Nyabisindu, Rwanda, in Kenya National 

Belllinar on Agroforestry (Ed. Buck, L.), pp. 329-353, ICRAF, 

Nai robi . 

, \.1 
\ " 



TABU 1. SOI'.£ EXAMPUS OF PROl'llNENT AGROFORESTRY SYSTEIlS AND PRACTICES IN THE OEVELOPING COUNTRIES 
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TABLE 2. FIELD EXAMPLES OF SOME COMMON AGROFORESTRY SYSTEMS AND PRACTICES IN THE TROPICS
 

Sub-system/ Country/ Some examples of the Remarks/
 
Practi ce Region woody species involved r~jor references
 

i.A. AGROSILVICULTURAL SYSTEMS - Humid/Sub-humid Lowlands 

Improved "Fallow" (in shifting 

cultivation areas) 

Woody species planted
 

and left to grow during
 

the "Fallow phase"
 

Tree Gardens 

Multilayer, mu1ti­


species plant
 

associations with
 

no organized planting
 

arrangemen t
 

Indonesia 

Nigeri a 

Ni geri a 

Paci fi c 
Islands 

Indi a, 
Sri Lanka 

AZeurites nrJl.ucana 

Erythrina spp. 

Styrax spp. 

Acioa ber-teri 

Anthonotha macrophyZZa 

DanieZZia oZiveri 

GZiricidia sepiwn 

PaI'kia c Zappertoniana 

Pterocarpus africana 

Inocarpus edul.is 

MoI'US nigra 

Spondias dulce 

Areca catechu 

Artocarpus spp. 

Cocos nucifera 

/1angifera indica 

Kunstadter et a1. 

(1978) 

Ge tah un eta1. (1982) 

Getahun et a1. (1982) 

Richardson (1982) 

Coconut intercropping: 

Nair (1979; 1983); 

Liyanage et al. (1984) 

. ./2
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TABLE 2 (CONT'D) 

Hedgerow intercropping 
(Alley cropping) 

Woody species in hedges; 
agri. species in between 
hedges (alleys) 

Multipurpose trees and 

shrubs on farmlands 

Trees sca tte red 
haphazardly or 
according to some 
systematic patterns 

Paraguay
 

SE Asia
 

SE Asia
 

Nigeria
 

Brazil 

India 

Kenya 

Me Zia azedarach 

AZbizia faZca~ria 

Artocarpus spp. 
Bamhusa spp. 
Durio zebethinus 

Nephe Ziwn Zapacewn 

caZZiandra caZZothyrsus 

I.eucaena Zeucocepha Za 

Cassia exce Zsa 

L. Zeucocepr.aZa 

Minvsa scabreZZa 

Derris indica 

EmbZica officinaZis 

Noringa oZeifera 

Tam::zrindus indica 

Anacardiwn occidenta Ze 

Ceiba petandra 

M.angi fera indica 

NaniZkara achras 

The	 Paraiso woodlot (Evans and 
Rombold,1984) 

l\mba r (1982) 

Forest Villages of Thailand 
(Boonkird et al., 1984) 

Wilson and Kang (1981) 

NAS	 (1980) 

.. /3 
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TABLE 2 (CONT'D) 

SE Asia 

Crop combinations with 

plantation crops 

1) Integrated production of 

plantation crops and other 

crops in intimate plant 

associ a ti on s 

2) Mixtures of plantation crops 

e.g. coconut and cacao 

3) Shade trees for commercial 

plantation crops Brazi 1 

Acacia m:zngiwn 

Artocarpus spp. 

Durio zibethinus 

Gliricidia sepiwn 

Sesbania grandiflora 

Pl an ta ti on crops 

Anacardiwn occidentale 

Camellia sinensis 

Cocos nucifera 

Co ffea arabica 

Elaeis guineensis 

Hevea brasiliensis 

Piper nigrwn 

Theobrorra cacao 

Bertholletia excelsa 

Copernieia prunifera 

Cordia alliodora 

Inga spp. 

Orbignya spp. 

Samanea saman 

Hecht (1982) 

Alvim and 

Nair (1984) 

.. /4 
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TABLE 2 (CONT'D) 

Costa Ri ca 

India 

SE Asia 

West Indies 

Western Samoa 

AF for fuelwood Production India 

Interplanting fire­
wood species on or 
around agricul tural 
lands Indonesia 

Cordia aZZiodora 

Erythrina poeppigiana 

GZiricidia sepium 

Inga spp. 

AZbizia spp. 
Cassia spp. 
Erythrina spp. 
Grevillea robusta 

Various fruit trees 

Inga vera 

Erythrina variegata 

Gliricidia sepium 

Leucaena leucocepha la 

Albizia spp. 
Cassia siamea 

Derris indica 

E.mblica officinalis 

Albizia falcataria 

caZliandra callothyrsus 

Sesbania grandiflora 

Trema orientalis 

Budowski (1983) 
Heuveldop and 

Lagemann (1981) 

Coconut intercropping 
(Na i r, 1979; 1983; 

Liyanage et al., 1984) 

Richardson (1982) 

lCAR (1979) 
NAS (1980) 

NAS (1980) 

. ./5
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TABLE 2 (CONT'D) 

Shel terbelts, windbreaks, 
soil conservation hedges 

Planting around 
agricultural lands 

as windbreaks and 
shelterbelts; planting 

along contours for 
terrace stabilization 
and soil conservation 

India 

Indonesia 
(and other 
parts of 
SE Asia) 

Gasuarina equisetifoZia 

Syzygiwn cwmnii 

NAS (1980) 

GZiricidia sepiwn 

I.eucaena ZeucocephaZa 

Se sbania grandiiZora 

NAS (1980) 

I. B. AGROSILVICULTURAL SYSTEMS - Tropical Highlands 

Multipurpose trees India 
and shrubs on farm­

lands 

Kenya 

Nepal 

AZbizia spp. 
Bauhinia variegata 

DaZbergia sissoo 

ceiba petandra 

Eriobotrya japonica 

Grevi ZZea robusta 

Bauhinia spp. 
Erythrina spp. 
Ficus spp. 

Litsea poZyntha 

NAS (1980)
 

Hill farming in 
Nepa1 (Fon zen 
and Oberhol zer, 

1984) 
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TABLE 2 (CONT'D) 

Crop combinations 
with plantation crops 

Paraguay 

Tanzani a 

Brazi 1 

Costa Rica 

Indi a, 

Sri Lanka 

Kenya 

Papua New Guinea 
Phil i ppi nes 

Rwanda 
Tanzania 

Me Zia azedarach 

Albizia spp 
Cordia africana 

Croton rrrzcrostachys 

Trerrrz guineensis 

Alnus acwrrinata 

EnteroZobium contorsiliquum 

Erythrina ve lutina 

Alnus acwninata 

Erythrina poeppigiana 

Inga spp. 

Albizia spp. 

Grevillea robusta 

Grevillea robusta 

Casuarina 0 lygodon 

Trema orientaZis 

Albizia spp. 
Cordia africana 

Grevillea robusta 

Trerrrz guineensis 

T~e Paraiso woodlot 

(Evans and Rombold, 
1984) 

The Chagga system 
(Fernandes et a1., 1984) 

Budowski (1983) 

Bourke (1984) 

Fernandes et a1. (1984) 
Neumann (1983) 

.. /7
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TABLE 2 (CONT'D) 

AF Fuelwood Production Indi a, 
Nepal 

Albizia stipulata 

Bauhinia spp. 

Greun.a spp. 

ICAR (1979) 

NAS (1980) 

Shelterbelts, Windbreaks, 
Soil Conservation 
Hedges 

(same as in lowlands) 

I.C. AGROSILVICULTURAL SYSTEMS - Arid and Semi Arid Regions 

Multipurpose Trees 
and Shrubs on Farm­
lands 

Brazil 

Centra1 

Afri can 

Repub li c 

India 

Kenya 

Gaesalpinia ferrea 

Frosopis julifZora 

Zizyphus joazeiro 

Johnson (1983) 

Adansonia digitata 

Balanites aegyptiaca 

Boras~us aethiopium 

Yandji (1982) 

Cajanus cajan 

Derris indica 

Frosopis cineraria 

Tam:zrindus indica 

NAS (1980) 

Acacia spp. 

Balanites aegyptiaca 

Cajanus cajan 
. ./8 
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TABLE 2 (CONT'D) 

Tanzani a 

AF Fuelwood Production Chile 
India 

Sahel 

Shelterbelts and 
Windbreaks 

Indi a. 

Pakistan 

Acacia sp. 
Combretwn spp. 

Prosopis "t<lm:lrugo 

Albizia Zebbek 

Cassia si(])7)3a 

Prosopis spp. 

Acacia a lbida 

A. senegal 

A. tortiZis 

Azadirachta indica 

Cajanus cajan 

Cassia siamea 

Eucalyptus spp. 
PithecelZobium dulce 

Populus spp. 

NAS (1980) 
Little (1983) 
ICAR (1979) 

von Maydel1 (1984) 

Sheikh and Chima 
(l976). 

Sheikh and Kha1ique 
(1982) 

/,/:0 
'-:/~~~ 
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TABLE 2 (CONT'D) 

II. SILVOPASTORAL SYSTEMS - Humi~/Sub-humid Lowlands 

Protein Bank (Multi­
purpose Fodder Trees 
on or around Fa~lands) 

Living Fences of 
Fodder Trees and 
Hedges 

Trees and Shrubs 
on Pastures (similar 
to multipurpose trees 
on fann1ands) 

India, 
Nepa 1, 

Sri Lanka 

Costa Rica 

Ethiopia 

SE Asia 

BrtiZ i 1 

Costa Rica 

Artocarpus spp 
Anogeissus latifoZia 

Bomb= m::z labaricwn 

Cordia dichotom::z 

Dalbergia sissoo 

Eugenia jambolana 

SaJranea saman 

Zizyphus jujuha 

Diphysa robinoides 

GZiricida sepiwn 

Erythrina abyssinica 

Sesbania grandifZora 

Acacia spp. 

Anacardiwn occidentaZe 

Cedre la odora ta 

Cordia aZZiodora 

EnteroZobiwn cycZocarpwn 

Erythrina poeppigiana 

Samanea saman 

ICAR (1979)
 
Pandey (1982)
 
Singh (1982)
 

Hecht (1982)
 
Johnson and Nair (1984)
 

De las Salas (1979)
 

.. 110 
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India	 Derris indica Singh (1982) 

Emblica officinalis 

Psidiwn guajava 

7'amQ1<ndus indica 

II. SILVOPASTORAL SYSTtMS - Tropical Highlands 

Protei n Bank 

Living Fences 

Trees and Shrubs 

on Pastures 

Indian 
subcontinent 

Costa Ri ca 
Ethiopia 

East Africa 

Brazi 1 

rosta Ri ca 

Indian 

subcontinent 

Albizia stipulata 

Bauhinia spp. 

Ficus spp. 

Grewia opposit-ifolia 

Horus alba 

~liricidia sepi7Am 

Erythrina abyssinica 

Dovya lis caffra 

Euphorbia tirucalli 

Iboza multifZQra 

Desmanthus varigatus 

DeslTOdiw7I discolor 

Alnus acwmnata 

Albizia stipulata 

Alnus napa lensis 

Grewia spp. 
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TABLE 2 (CONT'D) 

II. C. SILVOPASTORAL SYSTEMS - Arid and Semi-arid Regions 

Protein Bank India 

Living Fences East Afri ca 

Trees and Shrubs Indi a 
on Pastures 

Mi dd1e East and 
l-ledi terranean 

Acacia ni"z,otica Singh (1982) 
AiZan~hus exceZsa 

Opuntia Fcus indica 

Prosopis spp. 

Rhz.s sinua ta 

Acacia spp. 

Commiphora. afr'icana 

Euphorbia tiru~aZZi 

l,i;;yphus mucronata 

Acacia spP. 
Prosopis spp. 
Taffarindus ina~ca 

Acacia spp. 
Ceratonia siZiqua 

HaZoxyZon spp. 

Prosopis cineraria 

Tamarix aphy ZZa 
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TABLE 2 (CONT'D) 

III. AGROSILVOPASTORAL SYSTEMS
 

Woody Hedgerows for Browse, 

Mulch, Green Manure and 

Soil Conservation 

Tree-Crop-Livestock Mix 

around Homestead (known as 
Howe Gardens, these associations 

are found in almost all ecological 

regions and several countries; 
only sowe examples are given) 

Indian subcontinent
 

(Humid lowlands),
 

SE Asia
 

South and SE Asia
 

(Humid lowlands)
 

Ni geri a
 
(Humid lowlands)
 

La ti n Arne ri can
 

countries
 

Tanzania
 
(Hi ghlands)
 

aythrina spp. 

wucaena l.eucoceph.a la 

Sesbania spp. 

Fruit trees and some e.g. Home Gardens 

plantation crops of ,lava 

mentioned under Agro­ (Wiersum, 1982) 

si 1vi cu1tu ra 1 sys terns 

Cola acuminata 

Garcinia ko la 

Irvingia gabonensis 

Pterocarpus soyauxii 

Trecu lia africana 

Severa 1 species mentioned l~i lken (1978)
 

under Agrosilvicultural systems
 

AZbizia spp. Chagga Home­

Cordia africana gardens
 

l.vrus aZba (Fernandes et al ..
 

TI'ema guineensis 1984)
 



TABLE 3. THE ROLE OF ~100DY PERENNIALS, THEIR ARRANGEr·IENT AND INTERACTION WITH OTHER CONPONENTS IN sor~E Cor~HON
 

AGROFORESTRY SYSTEMS
 

Systems 
Sub-systems/ 
Practices 

Primary role 
of \100dy 

perennials 

Arrangement 

of 

components 

Nature of 
interaction 
bet\-/een major 
components 

Hedgerow intercropping 

(Alley cropping) 
Protective 

(soil productivity) 
Zona1 Spatial 

Improved fa 11 01-1 Protective 

(soil productivity 

and productive) 
Zonal Temporal 

Agrosilvicultural 

t1u 1tis to rey 

crop combination Productive IIi xed Spatial and 
tempora 1 

Multipurpose trees 
on farmlands 

Productive Nixed Spatial 

Shade trees for 

commercial plantation 
crops 

Protective and 
productive 

Nixed 

zonal 

or Spatial and 

tempor'al 

AF fuelwood production Productive Zonal Temporal 

spatial 

and 

Shelterbelts and 

\·lindbreaks 

Protective Zonal Spatial 



TABLE 3. CONT'D
 

Systems 

Sil vopastora 

Agrosilvopastoral 

Sub-sys tems/ 
Pract·i ces 

Protein bank 

Living fence 

Trees over 

pastures 

Hoody hedgerol-Is for 

bro\'lse, mul ch, green 

manure and soil con­
servation 

Tree-crop-livestock 

mix around homesteads 

Agrosilvicultural to 

silvopastoral 

Primary role of 
\"Ioody perennials 

Arrangement of 
components 

Nature of interac­
tion between major 

components 

Productive (and 

protective) 

Protective 

P'"oductive 

(and protective) 

Zonal 

Zonal 

t·li xed and 

zonal 

t·li xed 

Temporal 

Spa ti a1 

Spatiai 

Temporal andPl"oductive and 

protective spatial 

Protective and Nixed Spatial and 

protective tempora 1 

Productive 11i xed Temporal and 

spatial 


