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Fig. 1 Comparison between total farm labor input, family
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-------------------- ---------------------

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

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

TAIII.i. I , O. 0.. -. ,M:\Io[. VAFIAS, ACO TA 

* perceived by farmer, 4 observed by team 

Basic needs affected Symptoms Apparent causes 
----------------------------L---------------

Food and water Lack of milk for home 
consump ti oi 

Low productivity of corn + 
field. 

Damage of corn crops 

Inadequate water for *+ 
small animal producrion 
or veg. qardens. 

Hliqh cost of small 
animal production 

Erosion in corn fields 4 

hortage of grazing land, fodder 

Low soil fertility, soil moisture 
J efici t' 

Exposure of crops tc heavy winds 

Dependence on seasonal rainfall 
or limited public water supply 

Competition with farm family 
for same food or cash for 
feed 

Inadequate ground cover and 
erosion control measures 

Placement ef annual crops on 
steep slopes
 

Cash 	 Low productivity of *+  

coffee stands 


Lack of employment k{ 

opportunities 

Difficulty in |narketingA*

fruit crops. 

Erosion in coffee stands 

Shelter + related Shortage of wood and 
infras tructure 	 fuel supply over 

medium and long te rm 

Erosion al ong roads 4 
and paths 

+ 

Inadequate mgt. of shade 
Low soil fertility - high cost 
fertilizers 

Lack of processing facilities for 
existing and potential local food 
products.
 

Lack of raw materials for wood 
products mfg. 

Inadequate warketing and processing 
infrastructure for local fruit 
l)roduction 

;Lack of groundcover 
control structures. 

:Location of plots on 
steel) slopes. 

;1Forest clearing and 
forest re-growth. 

:Inadequate drainage 

and eirosion 

exce:.sively 

cutting of 

:Inappropriate location of routes. 



perceived by farwer, + = obs,:rved by team 

Basic needs 
Apparent causesaffected 	 Symptoms 

Food ard water Lack of water for domestic *+ Climate and topographic effects 
nee&, in suniher aggravated by deforestation and 

soil degradation 

!)arlr j to corn crop" ,Tillage practice, ack of ground 
Cover, excessive slope 

- -- -------- --------------------------------- L---------I---- -- - ---

Cash Lck of pa:sture, fodder in *+ Low productivity of native 
suarwmar 	 species, soil compaction 

Erosion ;n pasture + 	 Slope, soil type and stocking 
rate 

Low productivity and *4 Low productive capacity of 
and development of coffee hillslope soils 
stands Pests and diseases 

High cost and poor utilization of 
agrochemical s 

Low qnantity and quality ,. Exposure to winds in summer 
of tobacco production 

Erosion in tobacco plots :Tillage methods, ground cover 

excessive slope.
 

.................................................. 
 L ..................................
 

hel Ier Shortage of timber supply Forest clearing and cutting of
 
co I (Id over medium and long term forest re-growth

inrfr, t .r'l tuJre 

Erosion along roads f Inadequate drainage 
and paths IN appropriate location of 

routes.
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1.2: WN~ i gn Spe~ci. fi cat i on for TorhWIo, QDcV.j 

Points of intervention and corresponding constrai:its to designed
 

technologies are derived from the causal relationships outlined above.
 

These perf,or,anc critertia for potential technologies are outlined
 

Acosta - Sial Farms 

Basc needs Points of 
at fected intervention Requi rements 

Cash Soil fertility (coffee) imaintait diversified multi­

purpose enterprise
 

low canital input
 

- avoid competition with Exist­

ing labour peaks (Oct-Dec) 

- increase ground cover, prevent 
eros ion 

Cornmunity level fruit - develo outlets for other products 
marketing and processing of coffee-based enterprise 

- provide off-farm employnent out­
side of peak labotur period (Oct-
Dec). 

Soil degradation in - maintain some grain production on 
staple food plots steep slopes 

- low capital input 

- reduce labour requirements during 
peak season (Oct-Dec) 

- improve ground-cover or otherwise 
prevent erosion 

Animal protein production - use existing limited land 
resources (rugged topography, 
small plots) 

low capital input 

- minimize labnur use (Oct-Dec) 

- reduc.e s k 

Conurunity level-marketing - facii taws marketing/processing 
and processirg of animal of eventuml ,sup]uses of milk, 
lroducts cheese, meat and/or animals 

- provide profitable on-farm or 

coo . emp1oyot for wond(lit off-season or year round) 
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Th-[h n point (soil ferti~i, ty) is approached throughl(! Lervwntion 
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tf 110e1 for imranic fertilizer ;aI improe 1oth :oil 

structure (inocre;sing OM continl.) and ground cover. Two 

ty Ile ; 1 comI)OlU[n t ho( WOt) and l Os .Caii u;c-d owy rha oion.;t [ho10 
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Lol
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fruit tree l. ir.st obvious; ar- alreadyconpont [t ci Lrus, 
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7. RESEARCH REQUIRED 

7.1. Small Scale Farms - Acosta
 

7.1.1. Enriched fallow (for covered beans) 

Research objective: to assess the effect of increasing the 

proportion of fast: growing-nitrogen fixing shrubs or, the soil 

restoration capability of the vegetation cover. 

Information required: 

-	 Suitability of different species (e.g., Calliwadra catothyrsus, 

D!omodize. aip., Laucacna icucocephaZa, etc.) 

- Establishrnt practice (tine, seeding rate, sowing technique). 

Parameters to he monitored: 

- Survival and growth 

- Soil improvement
 

- Labour required to cover beans
 

- Weed growth
 

- Bean yield 



7.1.2. Hedge lntereropping (if Maize 

Research ohjeCtiVe: to evaluate the effec:t of intercropping maize 

with hedges of nitroge"-fixing shrubs on grain yield and erosion 

Information required: 

- Suitability of hedgerow species for: 

+ ability to coppice at low heights 

+ appropriate growth rate (sufficient to provide mulch for one 

or two crops per year without adversely affecting adjacent 

crops) . 

Syield of lare, broad, slOWiy deomsposing leaves (for organic 

matter contribution, weed control, and moisture conservation), 

(e .g. , -lNd i,. a Ioth ?,iw, euoa'na leucocphal c'aoiaC fI hL. 

r).5qq) "A.ol:zcra au~bu /tdJoPQ 

- Spacing wit hin and between hedges
 

- Cutting height and frequency
 

- Cropping frequncy 

- Other input.,; required for sustained production 

- Labour and capital productivity of the system relative to 

alternatives.
 

Parameters to be monitored: 

- Soi I fert.ility intd moisture conservation
 

- Soi I physical characteristics
 

- Weed con trol
 

- ri ; i on control
 

- Crop yievds 

- Minimi inputs required for system sustainability ( .g. 

fertilizer, herbicides, etc.) 
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7.1.3 Shaded Coffee 

Research objectibe: to identify species and cultivars of 
nitrogon-fixing multipurpose trees that increase yield of 

coffee plants growing inl th(-t vlcinity. 

Information required: 

- Suitability of species for: 

+ intereropping with coffeoe 

+ fixing nitrogen 

+ satisfying other needs (e.g., food, fuel). 

Pararcers; to !,e moni tored; 

- Coffee yield and soil ci 'ractcristics in relatien to distance 

from nursing zree 

- Propa :'ation toChni ques
 

- Silvicunltural management
 

- Yield of by-products
 

- Labour and other inputs 

7.1.4. Livestock P1roductioi. 

Research objective: .to develop goat production systems based on 
the utilization of fodder from legurinous shrubs used in covered 

beans and hedge intercropping, along with other on-farm produced 
feedstuff that cannot be uaed tor huwan consumption. 

Information required: 

To be completed by the Animal Production Prorramme of CATTE.
 



7.1.5 n:tercroppi tg ot Fruit 'Trees with Coffee and/or Food Crops 

in thei jIUplands 

Trop ciI Ir'1it F :rkeL I I, s tedy 

Re,;eir'h , i iden tify the to expand tropicaltij.'tv,: potent ia:l 

fruit irodtt't inn in A'osta-t'uriseal beyond tLfe present local 

narkvtf lvvl . 

nnfortiltt ion reqti red: 

Pre sent sat.ttinu of the tropical fruit sector 

- prod"C tiOt by tyt of fruit, season and location 

- privvs al mj;to W mi'irketi g chain 

- c Otn stiup i l, i1SI : 

- pro vit;: ilni te,,thnol ogti sa natd(. pact.ities 

Scopt' I-ofexpniniit pronuction 

- rt;ii ioTal a ,! ':-:.rt market potential 

- requi red itt i1t ritet. t for procetsing acid marketing 

Pre-fea.ihi ili y :;tudy for an agro-industrial tropical fruit 

proj e C 

7.2 Medium S ale Ftrils - Pitr;iscal 

7.2.1 [liteiroppit of ttimlier tr'ees with pastures 

7.2.1.1 'l'imhter atl wood product s market-ing study 
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Research objective: identify the marketing potential of timber
 

from plantation forest.
 

Information required: 

-	 Present status of the tirifer and wood products sector 

" 	production by type of tin.;er and species 

+ 	 current inputsi to production 

+ 	 prices zlong the ,narket.ing chair(s) 

+ 	 marketing sy;ttem(s) 

+ 	 consumpti on, list!t; 

+ 	 processing tCchinlogitq; and capabilities 

-	 Scope for expandir.g production 

+ 	 local, regional!, national and export market potential. 

+ 	 requlrod infrartrUiture for procossing and markecLig 

+ 	potential rd., or cow)eratives and credit incentives in 

protrK~ting a viablt '.ir:ber industry 

+ 	 potential for generating enplcymawnt (amount, type, wage, 

grop) . 

7.2.1.2 Deve loping tiaber and fodder strips 

In 	discussing this research 
line it is assumd that information 

available on timber species and qilviculturat management, as well 

as practices for planting A'y7thr.;na or G r icidia living posts, 
are sufficient to establish timber-cum-fodder strips along 

contour lines.
 

Research objective: evaluate impact of contourto the 	 strips of 

trees producing timber and fodder upon cattle production and
 

soil erosion.
 

Information require':
 

- Effect of .7dth and frequency of conour tree-strips upon: 
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But technologins have been designed on the basis of a preliminary
 

diagnosis carried out ar che formulating stage of project
 

development. Such diagnosis, of a static type, is useful to
 

indicate what the outsanding features of the proposed
 

technology should be. A more refined design would require,
 

however, an analysis of the system dynamics, as wel as of the 
farmers' reactions to introduced innovations It is assumed 

that a better understanding of both system dynamics and farmers' 

reactions may lead to modificatiors in the preliminary design, 

which would enhance the adoptability of practices by generating 

more appropriate technologies (thse that meet a felt need, can 

be easily understood, and use resources readily accessible to 

farmers).
 

In this context research on integration of technologict; has to 

do essent[ally with monitoring of both dynamics of existing systems 
and systems' response (including farmers' perceptions) to
 

introduced innovations. The latter is accomplished through 

on-farm experimentation, which plays a critical role in
 

technology development, as depicted in Fig. 16. 

The role of on-fare experimentation appears as particularly 

relevant for Acost-l'uriscal, with no experimental station
 

serving that specific ecozone. Under these cir ances 

on -farm research may not be restricted to testing tentative
 

validated technologies, but will also deal with those of 
a
 

notional type. Given the natural risk aversion of farmers
 

and the effect failures may have upon the scientists-farmers
 

credibility gi', there is a need to operate under a flexible 

scheme. This should follow the principle that the degree of 
farmer's involvement in the research process is inversely 

related to the reliability of the proposed technology. In
 

other words, there would be on-farm experiments which are
 

carried out under the control of the researcher, while oPY-rs
 

will be controlled by farmers.
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Fig. 10 WIAGNUS IS AN!) DES IGN To ChNEiRAT!: APPROiRI ATE AGROFUIU;'STRY TECIINOLOC iF"34' 

Pre -diagiosc ii 
Iniforit ion 

to 

P11 ~~~~~r oI r'i 

I ii o riti t o 

i77
nnovatihon -A
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Given that many of the technologies proposed in section 6
 

are still at the tentative, if not notional stage, two phiases
 

are envisaged for rcsi-arch on integration of technologies in
 

this 	Project. The first phase will focus on: 

i) 	 improving the preliminary diagio'is by monitoring existing 

systems; and 

ii) 	 carry otut research 1113naged trial:; on farms, mainly geared 

at evaluating ,lietechnical performance of proposed 

technoloitaes (while learning ahout farming perceptions of 

such irilctvat ion ). 

The second phase wi Il concentrate on farmer managed trial; to
 

eva I iat :
 

i ) 	 the chnical antd econormic performance at the enterprise
 

level (coffee, maie, live;t.ock, etc.) of practices
 

developed ill phase one; and
 

ii) 	 tire fit of such practice; intot the whole system. 

Research al) .eriv,: to monitor the hio-phys ical and 

s;ocio-economic dynamics of prevailing systems and experimental 

alternatives for: 

- improving the preliminary diagnosis; and 

- providing feed-back on the design of both proposed techno­

logies and ot-farm/on-; ta Li on experimentation. 

Inforirrrtion required: 

- Improved description and monitoring of relevant aspects of the 

system's; strurcture and function, 

- Monitoring relevant aspects of experimental interventions, 

including tIre experimental parameters identified under 

tire various component technologies (refer to section 

- Monitoring of farmers' perceptions, evaluations and responses 

to introduced technologies. 
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- Monitoring of interacLtions hot went, h itiprovd farmingl, 

systems; and Lht uttrtundinmg tVi ronmiet (physi cal, ecotomlc 

and socia sIpts). 

- lvalu;tionolt :iy:;t-In perfo rmince tot s;ests.t the e ffet:"i: Of 

the axpertirtit a] t t tui'ivN t ro"ig, titnji. Criteria for 

evallti.t ioi ..i I I ii!,Jiino fatLnit r:; id :i tt s!; i th rk..as ured 

or oh;erved ,-t tcr, tn f;trm manat!et etit ritn1 rontLnts, ttie Of 

re ourcc: ;, .ind f lfi I!;, 'it of hotsehold objectives. 

Paranete.r:; to 1w ionit ortd: 

- inpK Lo: and otttputs from tile system (biophysical and 

soC io- t 'tl i ) 

- pertorti.inct, itni icat ors :or technologies 

perc'ept.ion; in d deci:iotts at farm level 

mnul tnur t !; i o d :tttnii t ffe' tiC o11 tatrn tifa.rma ementi 

c (nat rlint!; iind supply problem; 

indic ; ot fl1nilv -Ind hiou;ehold well-being. 

i- irpantL On :;nrrun;dinp,invironmnt (run-off/erosion; 

product ion .tid nlirkot in of subs;i.;tence and cotnnercial 

crops;; ]:1btmr l :] flow) .l casht 

()R(;,V ZATI IMN ,','; !-1ANACIf:H,MVT 

'Iile re:carcth propo .It I(it lined itn svction 7 clearly 

indic;te:; the n,,J tor inputs from several disciplines, 

working toethor in an interdisripl nary fashion. 

.ortunttvly, in i in i:;t ittt ionll .tritcCUre of Costa Rica most 

(t'f the relo~v,int t,.,<'hnicaI] di s;ciplines operatu within] tilt-

Ministrv of A ,riciilturt, ai though under differelt sections 

(G;eneral irvcitrte; of I'Xtn;ion, Forestry, Livestock and 

Rea,rvht). At the, regionmat level all the;e s.,ection;; operate 

:dminiitritvijti Irom o, Wt eiwal Agircultrural Centre (CAR) 

baedl ;t tiai,,,o dc 'iri!;;tll, With sevetn extension agencies 

li!rihl t d ht'o, ghhtt t tilt- Cent ral Rhegion. 
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Given the need for a I l)irectorates to be 	 actliVely involved in the 

implementationof the Pro(eC, the Most sensihle approach would. 

be to asnei:; le an interdi sip inary team with scientists 

coming from RUsearch, Fotestry, Livestock and Extension, 

specifically assigned to the t;sk of cai rying out the 

Agroforetry Proj:ct. The team would be operating from and 

.dni:;itrat irv l iaked to the CAR headquarters at Purisal. 

8.1 17he Project TeI:am 

The team working full-time on tihe research activities outlined 

in section 7 should be constituted as follows: 

No. Field Level 	 Backstopping
 
rnstitution
 

I Agroforestry Systems Senior CATIE/ICRAF 

I Agronomit; - Soil 

Specialist Junior MAG-Research 

I l'a; tiure Agronomi :;t MAA-Lives tock 

1 lorvs; t tor MAC-Forestry 

t Social S'ienti.;t MA-Extension 

1 Soil Erosion or 

Watershed Speciali st " CATIE 

Each of tie scientists should be assisted 	by one technician 

in the correspondiog field: 

8.2 Oranizational Structure 

The Project wi.ll be irinaged by tire Senior Agroforester and 

governed by a Management Committee constituted by the Directors 

of Foret.ry, Extension, Research and Livestock, the CAR
 

Director, a CATIE representative, the Project Manager
 

(ex-officio)and a donor representative. This Management
 

Committee will have mainly a normative responsibility, dealing
 

with the annural work plan, budget and report. 

http:Foret.ry


It Wi l I it t.o ,nce a yea r but m:y> he ()loVencd upm tOn request 

of any of its itiet's , r i i arises, TheWltenever rgent ifatter 

Ianal 0 t+ CoiMni t te will be asni ste d by a Ienical Comm ittee_ 

chaired by tie l)ireCtor ot thMe (AR :d composed of sci enti sts 

from tlt HA(; Diirtvc'tort es , CATIE, ICIRAF and thl Project 

Minage r. Th' fLom iti t[I ' w ill h:, 1rk<t i op at least. olnce a year 

a! the Station to: 

i ) revie w research progress 

ii) evaltnate the dhetailed plan of work for the coing year; 

and 

iii) proposie insLtitLtional] coiinitments to support the work 

plan. 

8.3 P'rogralmne of Work 

Two phase"; are visualized once the Project has been approved 

and fund., made ivai.lable: a "preparatory" and an 

"i iInp lletwn i) olut! . 

8.3.1, Preporal.or phase 

TIitee naiin o1bj e t ivyes will be liursied during this phase: 

a. Jasle ssing the marketing pot.ntial of fruits and inher trees 

It. Rec ruitin psa taff and exposing the team to the agroforestry 

approach to land manageinent.
 

. Formulot.inij a detailed re search plan.
 

As nentioneid it, section 7 the marketinM; study should 

provide inform tion to validate, or inot, the proposal of 

increa;ting calh incott, via intercropplug fruit trees-coffee 

and t inmhber I rt.s-pascltres. It would he dsi rable thit such 

stlldits,lpreciltds any field experimentation. 

http:Preporal.or
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Senior and junior scientists recruited for the Project would 

most probably have a convenr tional disciptinary background, with 
different -degrees of exposure to land manageent problems. It 

is visualized, therefore, that once the team is assenbled CATIE, 

in cooperation with ICRAF, should organize a short "in situ" 
training to introduce team noibers LO land nina gement appraisal 

with empha.sis on agrofore.;try. The training exercise will also 

be useed to discuss findings of the preliminary diagnosis, as 

well as the de!rived research proposal. 

It is expected that the short introductory training exercise 

will enable the team to fully participate in the subsequent 

discussions with the Technical Comiiittee to consolidate the 

research proposal and draw tip a detailed experimental plan 

(including design, lay out, research,protocol etc.) Discussions 

will be guided by the research proposal contained in this 

docurment (see ecttions 5 and 6) and should result in a concrete 
plan of activities to be implemented by the Project Team in the 

next Phase of the Progr;amn of Work. 

8.3.2 Implemeitat ion Phase 

As indicatd in section 6, and given the nature of the main 

technological components (trees), the Project is scheduled for a 

period of six years. Although the plan of work is the expected 
output of the previous phase, a tenrativc. one is proposed in 
Table h , assuming that funds would be available at the 

beginning of 1984. 

8.3.4 BUDGET (Io be drafted by MAC and CATIE) 

* This will be worked out in cooperation with the local
 

participating Institutions. 



- 66 -

RE FE RE(N ES 

I. 	 ALVARAIX), A. ; N. CLOVER and 0. OBANIX) (1.942) . Rlzconocimiento de los 

Suelos de Puriscal - Salltrale, y Tobarcia - San Ignacio de 

Aconta . ATI'/(;TZ 'Turralba Co:;ta Rica. 

APOLO, W.B.; (1979). '11, control of run-off and erosion by sylvo­

pastoral n vto;. In workshop agroforen try systems tn La tin 

America, Turrialba Cota Rica ,iMrch 1979. Proceedings edited 

by (;. ID' l.l,; !;alas,CAli E, li1rri.lbi pp.177-183. 

3. 	 BARIETT, P. F.; (1977). Lab1)otur c. fficiency and the me cbanism of agri­

cultural evolution. In Journal of Anthropological Research 

vol 32 pp. 123-144. 

4. 	 BEER, J,; (1979). h'le UNII/CATIE "La Sulza" agroforestry case study. 

In workshop agrof orentry system., in Latin America, Turrtalba 

Cost:a 	 Ric, ti rch 1979. 1'roceodlngs edited by C. De Las Salas, 

alba PP 188-192.CATIE Turr 

5. 	 BONILLA, A.; (19R3). Proce.so historico de los tecursos naturates de 

Puriscal. In E1 componentte arboreo en Acosta Puriscal Costa 

Ri.ca, CAT11l, 	 Turrialbi . 

6. 	 IIUXgOWSKI, G.; (1981). O(,;un t1ffcation of current agroforestry practices 

and control led Research Plots; in Costa Rira, A paper pre­

sented to th cow,,iltatLv e teLtiog on Plant Research and Agro­

fore.;try. ICRAF N.irobi Kenya April 3981. 

7. 	 COMIB, J., (1979). Alnu:; acclmhnata with grazing and mowing pasture. 

L,a; Nubi.'e do Coronado Co:;ta Rica. In workshop agroforestry 

http:Proce.so


- 67 ­

systems in Latin America, Turrialba Costa Rica March 1979. 

Proceedings edited by C. IX! Las Salas CATIE, Turria]ha pp.199-201 

8. ESPINO.A, L. ; (192). Estructura de Caftales en pequana,; incas en 

Acu:ta-i' ri;c I ,:A'TIE, Turrialba (ini prcjparacion). 

9. FORD, L.Bi.; ([979). An estimate of the yield of Cedrela odorata L 

(syn. C. mexlcana Poem) grown in associ'tion with coffee. In 

workshop agroforostry in Latin America. Turrialba Costa Rica 

March 1979. Proc. edited by G. )e Las Salas 'CATIE, Turrialba 

pp.177-183. 

10. GLOVER, N.; (1981). Coffee yields In a plantation of coffee arabica 

With and without Cordia alliodora. CATIE, Turrialba. 

Technical Jnfor nation Series No. 17 pp. 2 6 

11. GONZALEZ, M.; et. al (1979). Combined grazing and forestry in the 

upper cootr;,! valicy of Costa Rica Fitca Las Esmeraldas 
In workshop agroforestry In Latin Atmrica pp. 202-204. 
pp. 202-204. 

12. IIEUVE.DOP, ,J. and L. ESPINOZA, (1983). El componente arboreo en 

Acosta y Puriscal, Costa Rica (e.d.s.) CATIE, Turrialba. 

13. tIOLDRICE, L.R. and J.A. TOSI, 
(1977). The ecological adaptability 

of selected economic plants for small farm production in six regions 

of Costa RicaSan Jose, Costa Rico. 

14. JIMENEZ, R.M. ; (1983). Situacion forestal y medidat; proteccionistas. 

In EL componente nrboreo en Acosta y Puriscal Costa Rica. 
CATIE, Turrialba. 



15. 	 1.AGERAN, J. and J. H'UVEL[OP; .982). Charac ter zat ion and evalua­

tion of agroforest'y systems; the case of Acosta - urGcal 

Costa Hlca, CZ'I' , ,rrialba 

16. 	 LEMKERT, A. and J.J. CAIAPOS, (1981). Produccion v conlulf de Lena en 

Las Finca; t'equena: de Costa Rica. Turrialba Costa Rica, 

CATIE 'tschnical Series Reporu No. 16 6 9 pp. 

17. 	 MELLE, E. von (UM). El uo de la tiera actul en la subregion di', 

Pu ri s ca . San JoseCoeta Ricoa, ASCONA 8p. 

18. PLATEN, HI. 	 von; . P1)DRI2UTZ and J. I AGEMAN, (1982) . Farming systems 

In Acocta-imriscal Costa Rica. Technical Series Report No.30 

CAT IE 'lii rri a lha. 

19. POSNER, .. ; G. ATONINI, G. M)ULFNEZ, R. CECIL and . GRICSBY, (1981). 

n :i f, tema de 0'lasificacion para las areas de I adera y 

altlpl.ano,; d(, America Tropical. lIn A. Novoa and J. Posner 

(eds) gricnl tnral de Ladera in America Trropical. 

Memoria del Se:minarin International realiizado in Turrialba, 

Costa Rica D'c - 8) CATIE/Rockefeller Foundation. Turrialba. 

20. 	 RAINTREE, ,1.B. (1983). Toward a methodology for diagnosis and design 

of ainroforem;try lar ' minagement. s yestem Submitted to 

Aigro forest ry Systcm:; ,Journal , Ntijho ff/.ln k nbi ishe rs. 

21. ROSER), '. (1.979) . 'T'angya"trial at CATIE with Cmelina arborea (1977). 

In work:ehop agro for'stry systems In Latin Ae;rica Turrialba 

Costa Rica "'arch 1979. Proc. edited by (.Dhe Las Salas CATIE 

pp. 1'";-198. 



- 69 ­

22. 	ROSERO, P. and N. CEWALD. (1979). Growth of Lauvl (Cordia alliodora)
 

ii,coffee and cocoa lantations and pastures in the
 

Atlantic Region of Costa Rica.
 

23. ROSKOSKI, J.P. (1982). Nitrogen fixation in a Mexican coffee p]'.acaton. 

In Plant and Soils Vol 67 pp.283-291. 

24. RUSSO, R.O.A. 	(1983). Effecto de la Poda de Erythrina poepplgiana 

(Walpers) 0.1F. Cook (Poro), Sobre la nodulacion, produ­

ccion de biomasa y conton do de nitrogeno en el suelo 

en un sistema agroforestai "Cafe-Poro". MSc. Thesis 

UnL'versidad de Costa Rica. 

25. 	 THRUPP, L.A. (1980). 1,.forestatlon , Agricultural Development and 

Cattle Expansion in Costa Rica NSc. Thesis Stanford 

University.
 

26. 	 TORRES, P. (1983). Potential contribution of Leucaena iedge grows 

Intercropped with maize to the production of organic 

nitrogen and felwood in the lowland humid tropics. 

Submitted to Agroforestry Systems Journal. 



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

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

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

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

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

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

- 7o -

Appendix A List. of Participants3 and Itinerary for Agroforestry 

System D&D, Workishnp/ Survey 

University of Costa Rica 	 Dr. Alfredo Alvarado**
 
Ciudad Universitaria
 
Rodrigo Facio
 
San Pedro, SAN _JOSE
 

CATIE, D.R.N.R. 	 Dr. Gerarlo Budowski 
*
 
Department of Renewable Natural Ing. Luis Ugalde A *
 
Resources Ilg. Jeffrey Jone *
 

Ing. Jorge Hernandez *
 
Ing. John Beer
 
Dr. Jochen Heuveldop
 

Dr. Carlos Quesada 
Ing. Carlos Reiche 
Ing. Gustavo Bronstein 
Ing. Ricardo Russo 
Ing. Leo Espinoza * 

CATIE, D.P.V. German Escobor *
 
Department of Plant Production Jose Arze *
 

Tomas Schlichter
 

CATIE, D.P.A. Dr. Rolain Borel *
 
Department of Animal Production Marco Esraola *
 

Roberto Cerdas
 

MAG/DGF, San Jose 	 Ing. Ramiro Jimenez 

(linistry of Agriculture) 	 Sherry :1unoz 
(Forestry Administration) 	 German Rodriguez
 

Edgar Sandi
 
Richard Garriguez
 

CAR, Puriscal Apartado 85 Gilbert Charpentier

(Regional Centre, Ministry of Agriculture) Danilo Boza
 

Tobias Hidalgo
 

Project 032, Puriscal (WatLrshed ranagement 
Project AID/DGF/I,AG) Guillermo Arias ** 

ASCONA, SAN JOSE (National Cnnservation Assoc.) 	 Gideon van Mtflle
 
----------------..............-------------------------------------------------­

C/o DR.N.R. (Consultants, Dept. of Renewable Nancy Glover 
.... Natural Resources) Norman Price 

ICRAF Dr. Filemon Torres 
--------------------------------------------.--- _Dr.Dianne Rocheleau ----­

• 	 'irst Workshop only 
• 	 Second Workshop ony; all others participatod in field and worksshop 

act ivi t ie S. 
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Itinerary for Agroforestry Systems
 
D & D '.orkshop / Survey
 

Cooperative Project ICRAF-CATIE, MAG, CAR, DGF, ASCO,A 

Feb 28th 	 to March 1 th, 198? 

Monday 2/28 Santiago de Puriscal (CAR offices) 
am Introduction, presentation and discussion 
pm of itinerary and methodology for DcD exercise. 

Tuesday 3/1 	 CA8( Offices, Evaluation of pre-diagnostic
am information, discussion with qualified informants,

formation and briefing uf 3 field teams 
pm 	 Purtscal region: F;ield reconnaissance and first

farm visits (1 farm interview per group) 

Wednesday 3/2 am 	 Puriscal region: Field reccnna'ssanc' znd rcond 
farm visits (1 farm interview per group). 

pm 	 CAR offices: Summary and evaluation of information 
by work groups 

Thursday; 3/3 am 	 CAR offices: !nformnation eychano between groups 

pm 	 CAR offices: Summary and analysis of results by
all groups. 

Friday 3/.I am 	 Acosta re;ion: third and fourth farm visits (2 farm 
interviews per group) 

pm 	 Final regional rcconnaissance 
CAR Offices: Summary of information by groups 

Saturday 3/5 am 
 CATIE, Turrialba: Evaluation of Information.by team
 
representatives (2 per group). 

Monday 3/7 am 	 CATIE: ICRAF-CATIE work session on format for
 
information evaluation. 

pm 	 Full group, presentation and discussion of results 
from Friday (Acosta) surveys; 

evening 	 ICRAF-CATIE work groups, Classification of farm types, 
summary of farm characteristics and problems;
Preparation of specifications for technology designs.
 

http:Information.by
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Tuesday 3/8 am 


pm 

Wednesday 3/9
 

am 


pm 

Thursday 3/9 am 


pm 

eve F.i: 

Friday 3/II 65,; 

pm 


CATIE: ICRAF-CATIE work group (A) - formulation
 
of common :.riteria for design specifications and
discussion of tentative design,.
 
CAIIE/MAG/DG1/ASCONA work group (B) - elaboration
 
of infomaLion 
by farm nd L.y fa'in type 

Group (iB) - Eaborationi of pre-diagnostic regional
information with newly compiled data plus results of
D & D Field work. 

CATIE/ICRAF/CAR (Group A) discussion of candidate
 
technologies.
 

CATIE: Full group, presentation and discossion of

D & 0 conclusions and candidate technologies.
 

Group B1,workshop continued, elaboration of regional

and farming systems data.
 

Group A, discussior of candidate technologies

with CAIIE forestry and Agroforestry specialists.
 

CATIE: Croup V - Workshop!;, or, regional

firewood u,:.e
and production, land use and land

capability, and farm household/farm enterprise
 
budgets;
 

Group A ­ discussion of candidate technologies

with CATIE Agricultural Economists and Agronomists.
 

Group B, workshops continued.
 
Group A, Discussion of cariidatp technologies with
 
CATIE Animal Production specialists.
 

All participants, Farewell 
dinn.r.
 

CATIE: Presentation of results by groups A & B
 
Discussion of farm level 
vs. 
regional land use conflicts,

Elaboration and modification of candidate techno­
logies previously screened and revised by CATIE/
 
ICRAF tearr;.
 

Discusssion of project proposal by CATIE, CAR,

ICRAF DG[ representatives.
 

ICRAF visit to CATIE agroforestry experimental
sites with Dr. G. Budowski. 
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The folIIOWinq t dl,) gjiveO, t-h&.( wa t-,r lbud,'.J t for 

which i:; did(framatically demonlstrated it, Fig 
Acosta 
I 

WATER BlUDGE'T 

L,')CATION: AcO:;O-d, Costa Rica 

Mean Annual. pot:et il 
Alt. 1094ni 

Fvapotranspi rat ion 150 4Eo, 

Pe riod P ET 
(0.7 L.;(-) 

P-ET WD WS S DS EA 

Jan 

Feb 

Mar 

Apr 

May 

JIn 

Jul 

Auq 

Sep 

Oct 

NOV 

D1c 

To Y aI 

1.1 

61 

50 

65 

261 

354 

224 

244 

436 

'160 

173 

17 

2356 

I 1 

10/ 

1 19 

[50 

142 

127 

1 34 

136 

127 

122 

1.06 

101 

1504 

-102 

-46 

-89 

,-85 

119 

227 

90 

106 

309 

338 

67 

-84 
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46 

89 

85 

-

-

-

-

-

-

-

-

322 

19 

227 

90 

108 

309 

338 

67 

16 

1158 

0 

0 

0 

0 

100 

100 

100 

100 

100 

100 

100 

16 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

-84 

91] 

061 

050 

065 

1.42 

127 

134 

136 

127 

122 

106 

1.01 

1.182 

Adapted from Thornthwate (1.948) 

S - P ' :l[ titllr i'llI:1, 

I0 - (tJt~nt+ I vapol-a t:'-On 
1' l - Po, ie,1it. i al E.ViJ()tLi.':1) 
WT) - W t. 'rd. v.init 
WD - Wl t. r ;u r i t 

; - ~oi I wer (Rufal I 
:; - *.ihlum i . 

ri I on 

I 100mm Soil Water Capacity 
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TABLE 	II WATER BUDGET PURISCAL (COSTA RICA)
 

Note: 	Precipitation and evapotranspiration data was drawn from 

PLATEN VON H. 1981 Page 9, The rest of the data was computed 

from these basic data. The method of computation was 

adapted from Thornthwait: (1948). The water budget is
 
diagramatically represented in Fi i II. 

WATER BUDGET 

Locat ion PURISCA, COSTA RICA Alt. 1102m 

oan. annual rainfall 21,15mm 
Mean annual Potent ial evapotranspira tion 1567EO 

P'e riod ) 	 P -1, WDI) S S EA 
(0.75 	E0
 

Jan 75 127 -52 52 - 48 0 75 

Feb 29 130 -101 101 - 0 0 29 

Mar 57 159 -102 102 - 0 0 57 

Apr 157 155 4 - 4 4 4 155 

May 277 139 138 - 138 100 96 139 

Jun 258 127 131 - 131 100 0 127 

Jul 231 132 99 - 99 100 0 132 

Aug 262 132 130 - 130 100 0 132 

Sep 279 120 159 - 159 100 0 120 

Oct 214 120 94 - 94 100 0 120 

Nov 154 108 46 - 46 100 0 108
 

Doc 150 118 32 - 32 100 0 118
 

Total 2145 1.567 255 833 	 1312
 

Note 	 EA + D = EP 1312 + 255 = 1567
 

EA + S = P 	 1312 + 833 = 2145
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EX-ANTE ECONOMIC ANALYSIS SILVO PASTORAL SYSTEMS PURISCAL 

D.A. IIOEKSTRA - AGRICULTURAL ECONOMIST, ICRAF. 

Introduction 

An economic analysis, from the fr.rmer's point of view, at a discount 

rate of 12 % shows that a change from the present grazing system to 

a silvo pastoral system will increase the total farm income, even 

if all additional labour ha!, tr be hired. 

A "with" and "without" approi-ch was followed to estimate the 'economics, 

of the proposed technologies (models). All computations were made on 

a micro computer u.sing MULBUD. 

"Withou t'" sittlation 

Data on the present livestock operation were based on von Platen et al 

and on asszumpt ions mdo by qualified infr-nants (2). 

Present iwt income from grazing (caw-calf operation) is 0 1,000 per 

hectare as,, i rin, a stocking rate of about 1.13 A.IU at peak periods
 

(just before .o lii ;gs) and aihout 0.8 AU. after nclling. Assuming
 

a price of abott V 10,000 per A.11, the live,;tock investment cost
 

in this !;ystam is abou't V, 8,000 per hectare.
 

Based on disctus.ions held, it- was understo-d and therefore assumed 

that livestock incoitx from the system would in fact gra;dualLy decline 

because of overgrazing and roil erosion. 

The following a.ssznmptions were made with regard to this decline
 

in productivity.
 

Year t to 5 - sa., net incot per hect-re i.e. V 1,000 

Year 6 to 10 - lowering of s ovki.g, rate to 0.7 A.U. and a drop 

kn net ineomi to V. 875/hectare. 

Year 11 to 14 - lowering of stocking rate to 0.6 A.U. and a drop 

itt net inconm to . 750/hec tare. 

Year 15 to 1i - loworing, of ;tocking ratLC to (1.5 A.IJ. and a drop 

in not. income to. , 625/hectare. 

Year 19 to 20 - lowering of s;tocking rate to 0.4 A.U. and a drop 

in net income to V 500/hectare. 
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"With" situatica 

Severil models were analysed and are briefly discussed.
 

Fenced off (improved) pasture with scattered trees (varying number).
 

The main drawback of this system is the decline in livestock income 

during the first three years as compared to the "without" situation. 

Generally speaking, the more trees the better the results (same 

fencing cost), also, because livestock operations don't seem to be
 

very profitable in any case. Although this system may improve the 

net return per hectare, it is doubtful that th6 sustainability of 

the panture component would be improved as compared with the 

without situation. 

- Individually protected scattered trees in (improved) pasture. 

Although no hard data were available, qualified informants reported 

prohibitively high cost for protecting individual trees. Improving 

the pasture component would again mean a temporary loss (though for 

a shorter period) of livestock iucome. Sustainability would probably 

not be improved with this system. 

- Tree strips along the contours in pastures. A major advantage of 

this system is the reduction in erosion in the pastures and hence 

sustainability can be assumed to be improved. Since the trees are 

grown in strips the remaining pasture area can be grased without 

interuntLion. The stocking rates could in fact be increased as 

compared with the "without" situation since the Glyricidia used 

as a living fence will increase overall fodder availa -ility by 

20% (net of the losses incurred because of the tree strips). Also, 

because of the. paddlocking with these treestrips, per animal 

production is assumed to be increased by 15% from 01,250 to
 

1,440 per animal Unit.
 

Tables, 2 and 3 (a, b and c) show the total income flow derived from 

this system (not just the in,:remental one) aoken down into the 

individual components i.e. 20% of the land in trees and 80% of the 

land in pasture. 
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In tables 2 a, b and c, it is assumed that all labour is hired at 

€ 140/manday or withdrawn from other farn activities (oppcrtunity 

cost of thiq tabour assurraid to be equal to market price labour 
i.e. 0 140/manday). In tables 3 a, b and c, on the other hand, 

it is assured that all labour is provided 1-y the household at 

zero opportunity cost (no alternative labour opportunities at 

the time'. 

The true component of the model shows a considerable labour and 
materials inpot for establishing the living fence and the trees 

(see also Annex 1 and 2). Most of these costs dissapear however 

after 3 to 4 years. First harvasting is assumed to take place 
after 14 yearn and final harvesting at year 20. It har been 

ass;umed that there is no farmter (paid) labour required for 

harvesting. The per unit price received for the wood is there­

fore net oF labour cost. Production was aaSumed to be I m /tree, 

The tivestock pas tire compoein t shows again the total invested amount 

in cattv in the fi.rs;t year. The additional investment of 0 1,600 
(1.6 A.U) 'wil in fact he a cash cost since the farmer will either 

have to purciae or refrain from selling animals normally sold, 

no as to arrive at the 20% increased stocking rate, The endvalue 

of the I iw tock ina shown as a benefit in year 20, however it should 

not be interrrmted a; a cash receipt, 

The increase in gross revenue from livestock is partly obtained 

from the fodder lopped from the fence and lopping labour estimated 

at 3 mandays per year has therefore been allocated to the pasture 

componen t. 

The sums of the net present value, broken down into individual 

compone!-ts, are sunariqed in Table 4. 
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Table 4. Sum Net Present Values 'With' Situation (at 12%)
 

(in€)
 

Labour cost 0140/manday Sero labour cost
 

Trees 3,902 9,239
 

Pasture/livestock -388 2,749
 

Silvi pastoral 3,514 10 988
 

Analysis and Discussion of the Results 

At a 12% discount rate, the net returns per hectare of pasture can be 

improved considerably i.e. from 0 682 to 0,3,514 (lao'iuc paid for)
 

or 0 11,988 (labour valued at zero), by changing from the present
 

land use to a silvi pastoral system. 

Table 4 shows however that if labour has to be costed, either because
 

the farmer has to withdraw it's own labour from other activities, on 

or off-farm, or because liehirej the additional labour, the pasture 

component of the system does infact have a lower return thau in the 

existing situation i.e. - V 388 as compared to 0 682, A breakeven" 

analysis showed that a 27% increase in per livestock unit production 

(rather than the 15% a'-.,tmed so far) over and above the 20% increase 

in carrying capacity ,ieuld provide the same net present value for the 

pasture c)mponent of ':ie system in the "with" and "without" situation, 

Alternatively, assuming the same 15% increase in ,er livestock unit 

production, an increase iv :itocking rate of 67% (instead of 20%) is 

required for the pasture in the "with" situation to break even with 

the pasture component of the "withour" situation. 

A compari;on of the cash flows of the "with" and "without" situation 

shows that if labour is ot valued, only the first year shows a 

negative balance over the regular flow of net income derived from 

the "Without" 3ituati on. On a per hectare hasis the net investment 

during, the first yes: - ,,itd be the 0 6,105, includir.g tLIe additional 

investxient in livestock (:.,e Annex 2). 
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Such an investment may be too much for many farmers, llovever
 

the advantage of 
 this system is that in principal,it Is scale
 
neutral, meaning 
 -hat it may be introduced at a level a farmer 
can 	 afford in terms of investment costs. This is also important
 

from a Labour point of
cost view, because the likelyhood of
 
approaching a zero opportunity 
 cost for labour is much higher
 

if the system i5 introduced at a ratlier modest 
 scale as compared
 
ro'introduced on a 
 larger scale. Alternatively, a farner may
 

seek 
 loan, fuindu to finance this investment 

Finally, the sensitivity of the results were tested against changes 
in the assumed discount rate. The interual rates of return of the 
additional investment (N.P.V 'without' situation equals N.P.V 'with' 
situation) was about 13.5% if labour is costed and alout 21% if
 
Labour cost are assumed to be -er. Wether or 
not such a rate is
 
attractive enough for the farmers 
 in luriscal depends on the loan
 
far lities 
 they can obtain and on what they consider a reasunable 
time. vilue of money. Usually the larger the fair.,s, tne lower the 
acce'ptable, dis:c:ount rate. An indication of Jie possible accepta­
hility can bp obtained from the rate which farmers presently obtain 

from their l ivi:tock operation i.e. 13.8%. 
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