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I 
A FARMING SYSTEM RESEARCH APPROACH FOR 

Population increase :i.:o. Central America remains a_i,ove 3i ·per year; 

in spite of public effort to regulate population growth. An estimatea· 

total of more :::han 35 million people will have to be fed by the year 

2000 (Table 1). In Central lunericar the majority of the ·.iocally con-

' ' • . 1" • • 

sumed foods are produced on small farms. !n s}Ji te of reci::nt develop·-

ments in new technology, small farm crop yields ~emain-~ondd~r~bly 

lower than these of· the larger ohen (Table 2). c~hsequentiy in~rease.irt 

farra production has no more thdn kept up with the increase in.population. 
: t. 

Low average income nnd the small size t:>f their farm Units are among 
' . . ' 

the r.1ain constr::i.ints that limit the Central American small farmer 1·s 
.. 

ability to take full advantage of technology that farmers with greater 
. ' . 

land and capital resources have so s·~c~-~ssfully utilii~a:\6':',1~.Pibye ·tJie 

productivity of their holdings ('!'able 3}. 

' Hore appropriate technologies that consider the main constraints 

faced by small farmers have to be developed if their living conditions 

are to be improved within r~"'asonable li~its of time. '.i'he ad..:.elopment 

of these new technologies should consider the farT'.1 as a reference point 
. . . . . . . 

and should be bast~d on a profo1md undc:csi:anding ·of the small farni systems 
'\ ;· 

that are operatinq under different ecological and socio-ecor>.cmic d6hd.i-
... 

tions throughout Centra1 Ar.1cr ic"'L 
,. ' 

n farm sy::.t~m i::i .:i coi:lplexly int,:rdf;;;pencent associafion of plants, 

animals, coils / .tabor t:>ols at1d other inputs; alJ influr:nc<::d by the 
. ~ ...... 

ecological and socio·-economic .. :mvirnl"l.rnent ;:md predcminu.ntly dope'rt?fent "on 

the farmers knowledg.:i,. '3mbition and abilities to convert these inputs 
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into outputs. In tjle process of adapting cropping patterns, livestock 

combinationo and farming practices to the condition of each location in 

Central America, small farmers have developed 3G'T<:iral more or less 

distinct types of fa::..'"m syst<::ms. Within these farm systems most of the 

crop and a:oimal activiti.:=s are c:los<::ly rzlated to each other by the 

common er.ployment of. labor~ hnd and capital resources. Change in any 

one pr~ctice usually requires a ~:eappraisal of all of the others,. since 

the ll'Ystem has been imbalanced by such chang~. 

Farmin~ systems in Central America vary alon~ gradients of environ-

mental con~tions ranging from pcronnial crops q• tropical roots - grazing 

systems in the lowlands tropics to the maize-beans-small animals systems 

in the wet and dry tropics and the maize-sor~hu.~ holding of the semi

arid interior region. The 1 mllp~ 1.1! -potato-field crop~ -holdi~gs are .. 

common in the Central American 1altiplano 13f. WhilG the multiple 

cropping syste.~s which charac~erizc the small farm of Central P.merica 

have their basis in the practices of the Naya indians, a wide variety 

of :U:uropean crops and domestic animals have been incorporated into this 

basic sch.ame. •rhis results in farming systems of incred.ible complexity. 

Ecologically, small farmers a.re operating nnclcr very complex and 

poorly understood tropical ecosystems wher~ they have developed specific 

agroecosystems by replacing natural populations with populations of a 

agronomic value. Unlike temperate regionsr in the tropics thG inter-

.!! 
y 

mil pa 
altiplano 

== maize field, often with other crops interplantcd 
= high plateau 
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actions among the natural conununities and the agrcecosystems and:among 

the tropical agroeco5y,.;;tmns 1 components arc n\Jt well understood, mainly 

uue. to th:;;: lack. of sufficient basic J;liological ;info:t::ma.tion. ·;: . 

From the s<?cio-eccmomic point of view 1 Central American .small 

fanners are also facinr; . a very. complex f-nvironment ,:;::haracterized by 

instabi~ity o.f prices, inadequate inputs ·?:::id outputs marketin9, infra-

structure, politically rather than technically oriented land rGform 

programs and others. 

CATIE. with the national insti_t'..ltions of the Central 11..'llerican 

Ist;:J1!:nus, is working to improve the standard of living of small farmers 
• '\. I 1 • • 

by inc:i::easing agricultural and :j:o:r.est production th~ough rational use 

of natural resources. Considprine.this objective and .in response to 

the a,bove described s_ituaj:ion,. CAT.l.C has. adopted a Farming System ap-

pr.each, to. study t:tie m:1all farmers and their. environment in Central Ameri-
;.. . •, . ·,· 

ca. A desc::ci:.;ition of the 9bjectivcs of this Faming System approach 

follows: 

General 

To generate r1:?li.able,. peisis~ent a.'1d flexible alternative tech-

nologies through a conservative managemt::nt of li.rnited natural 

reso\lrces tha;,;. will ir:lprove tho productivity of the res"Qurces 

of the small farm system, thereby contributing to the socio-

economic well being of the small forms:::- and benctlting society 

as a whole. 
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Specific 

To analize tho farming systems operated by'smaif fanners in dif-

ferc1nt ecological and· socio-economical environments in Central 

America; considering la.•d' capital and labor dfstribution in 

time and space ?Jnong the fa:n;i subsystems, 

To develop a methodology· to designr ·test and ·evaluate· (within 

the framework c1f a small' farm) alternative~ technologies ·more 

suitable to the small farn. 

To provide training, technical cooperation and information 

'•.-' ~ervlcez'I:~bncerned With Small farm System imprOVel:lJCntS Which 

wili strengthen the capacity of national institutions to.ca'.°i:-ry 

on adequate programs of technical assistance for small 'farmers. 

To provide information to national· and.- regio".1al organizations 

for th~~ design and implementation of integrated programs for 

agricultural dev·elopmcnt which incluae land reform, credit ex-

tGnsion and. other complementary efforts . 
. ', '\ ' ' .,f ,. 

To serve an a link between the findings of crop or animal 

oriented research institutions and national organizations mainly 

concc:metl with a regional approach for agricultural development. 

To i:mprov.w the prcblcm id.:mtification proce::>s and select target 

research problems in £arming· system practices to be studi~d by 

national, regi·:m~i and ini:ernational rtisenrch organizations. 
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Three'· integrated R.oscarch Proj.;:\cts (small Fariilors Cropping' Systems, 

Hilk and Beef Production Syst::::~s and Ag:r.oforE.stry ·Sy.stems} are ·prosi.mtly 

being:impl~ented to accomplish.the ;Wove describ2d general and specif'.ic 

objectives of this E'anning System Rcsoa::::-ch Approach for Cef!.:tral /i.r:ia:rican' 

Small Fanns. 

·, 

A. THE CROPVING SYSTEMS RESEA.1<.CH PROJECT 

Technology is a social product that reflects theunique character

istics ·of tho agriculturb.l systc."n that origir.atcd it.. The successful 

transfer of technological information bet.wean two given points requires· 

a profound knowledge of both'thc characteristics 0£ the placlZ: of origin 

and the placi~ of :i<:::stiny of this technology,· 

In Central 1\me:dca, agricultural research has primarily bo;:m 

dedicated· to the generation and ad.:tpt".t.ion of t~chnclogy for industrial 

or large mu.rkct oriented crops; i.e. coff;;;c, bananas, caca.o, sugarcane·, 

cotton and ric1~: crops thc1t constitut.:: t.he sole component~~ O.f monocrop 

production systems. 'l'his typ~:. of :igricultural tc.:chnology (invnrinbly 

involving the use of machinery,. f(:.:rtilizcr 1, pesticides and othe:::- hi9h 

cost inputs fnr monoculturr;)) w:i.s ~vail:ililc~~ relcv-:mt -,:..na consequently 

successfully adapted to incrc:is•::: prod.uctivity of th.;;.;sc colonial crops.-' 

rcg-:i:rdlcss of the eccJlogicv.l implic~rtions of it.s us::-~. Conversely basic 

food ·crops S-:.!Ch as :m.:tize, beans; CcU;sava, pli".ntn.in:S: sorghum: and others 

that constituted tl:..:: plilnt component of comph-:"x traditional r'.!ultiple 

cropping systcr,1s docply rooted ir!. the cult-..irc of the smnll tanners were 

not given, until recently, dosar.r~Y1 a.tt~ntion. 
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Despite t~e intr~uction of new vari0ties of food crops .~nd dis

coveriGs derived from tho_ <lq~elopmental .typG of re.senrch from tcmpernte 

countries, small fnrmers ymr.:i not fully incorporating thi.s new· technology 

into their traditional. c:r:9pping systems. t-t became evident· that,. )cpow~· . 

ledg.;;i of t"io process of integration of new compommt tcchnologi.;:s· into 

existing fa.rming syst,;;ms w::i.s 1:1cking, p:.rt:icuL:u:ly at the level of the 

small ttopical farmer. 

'll:'aditional cropping systems can be appr8ci.:i.tcd as "m expression of 

the c)rnamic equilibrium that exists be:tween man 1 s needs and abilities 

nnC' n:i.turG 's resources 1'!.nd restrnints. Given the ecological· ;·a,nd" socio

etonomic conditions, these traditional croppin<J systmns opGrate -very 

close to tho optimu."n. How.::ver most traditional cropping systoms ·are ·in· 

a constant state of evolution by gradu"tlly ~ncorpcr:;iting fragments of 

''outside" tscl".nology in their operations. The sel2ctior. by the small 

fanner of technological components to be included within existing 

cropping systems is bu.sea on tho criteri::i. of maintilining n m.J.Ximum 

degree of control on th"' whol.;;, production systc."ll on.cia this innovation 

is functioning within the system. Trndition~l cropping syste..~s a~e 

usunlly highly efficien:. in th0 use of energy~ Rec,mt price increases 

of fossil--based agricultural inputs have further increased the rclativ(;;! 

ndvant.::•ge of tr2.ditional agricultur(;, compared with energy intensive 

·:lgricu~ture. 

Given thG high degree of :i.dnpt.:i.tion of traditional cropping systoms_. 

to their environment, an accolerntion of n::1turnl evolution instead of a 

revolution seems more likely the appro:1ch tc follow in the process of. 

goner.::i.ting pBrsistent, reli.-lble nnd .flexibl9 t~_,chnologic:i.1 c:tlti?.:rnatives 

to improve the productivity of thc;sc tr:"l.di d.c.inal cropping systems. 
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.These technological alternatives must be designed within the conceptual 

framework of .. a small farm, tested withiri thC' physical framework of a 

: small farm including for::1..:!r management f'.nd finally evaluated both in 

terms of .productivity and fitn(;;SS to the existing systen. 

Considering the lC\ck of nn <1.d0qu,'lt~ technology for the sma.11 

farmer, in 1973 the former Dep.::rtr.1ent of Tropicnl Crops :'ind ·soils of 

I • . • 

CATIE, decided to devoto n major sh:'lre of its budget nnd professional 

attention to the study of cropping systems for small fo:rm~rs in the 

tropics. As n means of self orientation to the interdisciplinnry ~p-

pronchcs required in cropping systems inve:stigations / a: malt.idiscipli-

.. ·:·'· nary team of rGsearchers was organized to develop methodology for 

cropping system fic.ld research. An experiment designed with 24 differ-

. ent cropping systems that include m.:iize, beilns, cassava a.."ld. sweet potato 

was irilplerii:6nted and is still under t'-'st to study the persistence of 

these cropping p::i.tterns. 

In .July 1975,-.the outre:ci.ch phnsG of this project W3.S .i.nitiated in 

Central Am.c,ricil. This phas;:;, has bacm financed largely by t}le Region;il 

Of fica fox: Cenb:'al Amcric.:m Progrn.m~t · (ROCl».P) of tho USFiID. 

Thu genv!:al cbjcctiv~ of this outro.:\ch projeat is to develop 

i.tnproved crc-p2inq systems for ns0 by low incom0 fnnners 1'.fld cre:i.te a 

capability in th3 Central l1.1110ric::1n ragion and its countricJ:i· to continue 

i:o dGYclop such cropping systems. 

More specific cbjoctivos of thin outr'2z~ch proj;::ct nre ~ 

To. study the cropping sy!lt~:u9 now j_n uso by low incC:mtG farmers 
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from the st.;md point of production per unit of limiting resource, 

incomC:l, nutrition-'11 vnlue and employment opportunities • 

. To design, test and Gvaluate cropping systc..:is. which· will· increase 

small furmers' economic ben<.::fits, gcnernl well being, production 

and employment oppqrt.unities per tmi t aroa of land ·at various 

levels of tecnnlcal inputs,. ecological conditions and socio-

economic situations throughou~ Central 1\mericac 

To assist national institutions of the five Central American 

countries in tho creation cf u. cnpnbility to condui::!t research in 

cropping systems for sm~ll farmers. 

To provide training neednd, to qualify Cent:ra·l 1\r:ierican researchers 

to collect pertinent base line data, to conduct field test of 

technological alternatives with small farmers and to evaluate 

these alternativos. 
t 

To conduct n continuing rcs0z1rch program at Turrialba; Costa 

J:tica to develop improved methods for conducting of field trials. 

The general strategy of the projact is; 

As a regional or.']'anization, CllTIE nrr::lnges with tho Mio.istri.:!s 

of Agriqulturc .of the. Centrc'.1.l ;;',.me;rican countries for cooperc.ti ve 

work e:t spocific siites thnt represent importr..nt ecologicnl zones 

wherl0;l concentr:ltions of small farmers exist (Fig. 1). Local 

collaboration of appropr.inte nationnl institutions is essenti~l 

and has bu(!n obtained •. 

A resident :lgronornist from Cl:..TIE works with th€l nc.tional insti-

tutions in each of th~. ::::01mt:i:;i.:;s outs:i.d~ of Costa Rica. l\.n 
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interdisciplinary tca..-n stationed· at CATI~ s }K'".l.dquartE!rs provide 

project support for planning, implementation .:i.nd data analysis 

of field work at the chosen sites. 

t\i ( ·. '· Ncitionn.l scientists working in small fabilo:i;:s research programs 
~ ~ 

... 
(. . 

1·' are offered a scn\inar course that concentri1.tc~ on: diagnosis of 

small farmers :::>i~ation; d2signs of technologicalfaltcrnatives; ...... , 
fhlld tests of tJ.ltornati,;es and ew1luation of the. t~-~nological 

\ 
alte:rnatives. 

Rogional con.terences and workshops are organized eithci ~t 

Turr.ialba. or in any pnrticip;.:i.ting country. 

Documont"lry information and publication services are provided. 

The methodology followed by the Cropping System Research Team could 

be SUlll.marized as four interrelated processes: 

Diagnosis 

Modelling of technological alternatives 

Field test of alternatives 

Evaluation of alternatives 

Diagnosis, 111odelling c:md evaluation of (1.lternatives arc continuous 

process.;s. i:·lew alternatives are design(~d an<:: the evaluation criteria 

becomes more precise ns the diagnostic process is improved. 

The nltarnatives to be t•~stcd and the GValuations necessary to 

verify these alternatives usuo.lly go3s beyond the capability of current 

research teams. A r:i.gorous selection basGd on tho farmer's main needs 

must be rnl'lde. 
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The dingnostic process is done at 11 levels: 
,',: 

.:.·, 

Macro-Diagnosis 

This level involv2s nn analysis and synthesis of secondary in-

formntion about the _r,~untry such ns rclativo ecoJ'l~mic devr~lopmcnt 1 

agricultural sector policies: economic o:i;g;:mizqf::icn 1 infr!"l.struc-
.... ,'• - :, :. ,.,., .. · 

turo, and others. This is done f~r, each region: and, 1roup of 
.. -·-. ·.~.,·:. :·.._r ;"", • . •. 

farms within the region where the tccJ!ll. h;;i.s been .:;i.ssigned .to work. 
~; .... , -:' < • ;_ • .. .. 

Area. Diagnosis 

Here the rogicn becom.:is tho focus of tho study. Both secondary 

.:ind primary sources (surveysv field visits, cas~ studies; etc.) 

of data arc used. Gcogr"lphBr<:> , nnthropologists , ecologists, r.i.nd 
J 

other specialists 'l:::-e usually involved "lt this i,eve~ of diagno-

sis. R..::lntionships botwo(m farms ;::ind th;:;.i _ _relationship of the 

f.:irrn groups with t:h8 extcrnnl enviromnent ore analyzed ::md 

discusse;,d by the study team. 

Farming Systc.~s Diagnosis 

Primary source infoL-mation is needed sine~ accurato secondary 

inforin1.tion is 1'1cking :in Central ilmeric<::., The str\lc;turo (sub-

system.s or component;::;) of tho unit of production. is id~:mti:t'.~ed 
: ~ - l '' • 

actions rmong tho different activities in te:r::".l.s of their demand 
. ' ~ ~· ??~~.z.· 

on fnm r;:,;::.;ources -:!ml their contribution to farm income.> The . \ . ~ .·"' 

c:-.mount of rcsourc::is nccdGd for en.c•1 subo::.rstem activity is. analyzed 

over tir:1e for the "1.gronomic y20r" 
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Cropping System Diagnosis. 

il.t this ],eve!, the cropping pattern and manngement used by the 

farmer a.ro analyzed to dotermino~ what: how,, when. ;md why arc 

crops cultiv~taa. 

one or two of the cropping systGms arc then sc;lected. Criteria 

such as the ~umber of people dependent upon tho system, the 

nut.ci tioncil bem~fi ts of the system, use of hand ltilior 1 fitc. form 

the be.sis for making the sclc·~tion. 

Afte;r the diagnosis process, the expected outputs .:i.rc ~ 

Definition of tho system (limits, components,. interactions, 

input-output ratios, etc.). 

Definition of the objectives of the system (farmer, community, 

government). 

Hov the system r2acts to the environment. 

How the environmGntal variables interact. 

Design of Technological I\lternatives 

r{thc system nnd its objectives are known and its reactions to the 

environment and the relations between environ.~ental variables arc under-

stood, the main constraints of the systeo can be identified. The design 

of technological nlternntives is ;i. conccptu12l ph<'sc~ in which models are 

dosigned to overcome.: tli-;;i identified constr~ints a.t'ld sc.tisfy tho fc.r:ner 

objectives. Within this process Glt2rnatives :1.ro considered in which 

one or sev • .::ral of the follo""ling possibilitiii:;iB n.re stul".ied:: n) inputs 

are changed; b) altern:i.tive components nrc t:ricd:; c) a:r.r::i.ngemcnt of 
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comporicnts .. ~re modified;·: dJ._.:i:I'§?u~s an!l compo11ents :are changed; ·,:et·: 

compone~t~ '.'.nd arrangement of comp9nepts .. :.are modi;f.h~d; · f-) inpu.ts- and 

aq;~mgoment of cqnponents· -nre cha.l'lged;.i · g) inputs, components..;,and p,r:- · 

r.::mgoments of compommts arc c,hc.ngeP, .; . , ,:u. ·. , 

r .... , 

Tho, :maiµ.,.product oi; :t;:.his -process is a .. seb.·Of;.cnpdels to be su.bnit.ted 

to se.:l:~ct:~9'l :qy_ .thQ,. f_9AU?:J:"~-,' e=ttE:nsiop,_ .agents· tm.~!-t,rescarch,crs tp deter

mine. whi_dl ~ill,, be. t_e:s.tcd .in _ _the_;.fioJd.· 

At!c_ord:-i.ng to tl1e Glcgrc0;: of .. knowledgu of the at"ca. . and. -f~nns and of 

conFlexity of the information obtained in the diagnostic process, the 

salection is conducted under tho gcnoral crit:erion· that• .increasing· '· .:;; 

levels of understanding of a p~rticular systura are r8quired to ope~ate 

it,, .. to mo;li,;:y._it( to irnpr0v9·:.it·or~t:c :i:-eplnce the existingtfor a new 

one. 

:': • • ·,i. .-! . 

E'ield_ Testing of Altcrnatiyes · . ;:...·. 

Tho exper,i.rqental de:sign of the .tnchnolcgic:1l nlternativcs to be .. 

tested. in . tbe field · anq the distrib'l\;ion of replications •throu·;hout the 

area, const~tut;: the mqst important aspects of this research process~' 

~petitions .cf the. same: e~peJ:imcmt. distributed ("..mong sevar:J.l farms 

permit,'.:'\ wider. fra.1112 of .refc:r,onco .to <l.na.lyza th.:: affects of difforr.:int,' 

envi;onmental variabh;s th-'1t rticdify the fi.2ld r(;!sults :is w~:ll as· the ... ef

fects of 9-ifforent typ(!S of i:m:m:igcm,~n-:: ~when ·t:.he plots arc .either r>artly 

(and farms) ar;.; m .. duly · ·;:Jnsod en how well they l:C!J?rGscnt ·different· points 

i!1 n .gradient of. ~ vnria,bL; which i~. or1c.- of th._;, m;i.ir:: d~tf~rminants of tho 
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.. 
cropping system P'Jrform:mce l.:1 thnt particul<lr area. Precipitation., 

topography; soil reaction, size of:t!W.far:m, available hand labor and 
J 

other possibly determinant v.:i.rinbles arc considcre'd singly or in combi-

nntion, to sGlect the •Jxperimcmtal farms'. 

The product of this research process is a set of experL~ental 

results. If-these research fi.ndings solve some of the constraints 

identified in the diagnostic process, the improved or new cropping 

systems will be evnluntcd with Mor~ farmers to ascertain how well the 

question awhat does tho farmer want 'from the s'ys'tem? 11 is ,"!nswered. 

Evaluation of Alternatives 

The evaluation process ·is greatly simplified if the model of the 

technological .J.lterm1tives was selected with the participation of the 

farmer bef or0 field implementation and if the farmer and the researcher 

shared on equal basis the responsibilities of the field work. The 

process of evaluation begins early in the research effort .. however, its 

emphasis is 't;.t the lf1ter part of the rc:senrcfr cycle when more fannGrs 

arc po.rticip0.ting in tho field tests. Evalu.'.'l.tion is c. cor.::plex and 
... 

continuous process. ':i.'he fnr:rnor' s nbility to · integr"ite isolated compo-· 

nents or subsystems into his production system is also a dyna.'tlic proc~ss 

highly dependent on the socio··econornic environment. I.ong term evalua-

tion offorts nre needed h::fore n uofinitc judgerncnt about a pcirti~tdar 

set of technological altcrnntivos nnd its r.cccptability by farmers can 

be m:idc •. Evnlue.tion crib~ria include adaptability of technology to. 

ecological and socio-acon,.::i;:;1ic cnvironment.:i.l ch.:'1.ngcs, · :Jil:iplicity. bf 

management, congruency of improved technology with existl~g-farrrd;,g 
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systems, profitability, etc. (Fi91-1ro 2). 

Some cropping system Exp;:;iriments in Implernentation Throughout Central Americn 

In some Eh~W a.i:iA regions of El Salvador and Nicarc.gua several 

water ,:md soil conse:rvation practices are being tested in farner' s 

fields with th2 tr:l.ditional mnizo-sorghum cropping system and 

scme new cropping systems including cowp~a and/or pigeon pea in 

add.it::on to m'1izo :md sorghum. 

oo1.£lle rows of Borghum alternnted with four rows of common bc1ms 

(cu.sh crop in this case) prevent the desiccating effect of wind 

on co::mnon boci.ns. This pnrticular cropping system is in th•~ 

cv~luation process. 

Velvet b0nn (stizolobi.w~ deeJU.ngg..t.a.num) is used as n cover crop 

under maize to pr::,;)vent W\'~ed growth and also serve as n green 

i:l11nurc in SOfi'IG nrc:1f; of Contr.:?.1 American lowlands. Experiments 

nre conducted to determine the feasibility of pnrtly replacing 

velvet b-::!'1..'1S with diff:arent varit~ties of cowpea to provid..:3 an 

extra food source for th9 fnrmer and serve ns covGr crop. 

Different ,-,.ssoci."!.tions of ric<.} <:lr.d I'\".l.ize using traditi-::mal and 

improved mo.izc and rice vurietics aro being tested under dif

f'3n:mt levels of n~magement in areas nf erratic precipitati-:m. 

Tho objective is tc· diminish the risk cif excess or lack of 

precipitation. 

lilo till.:lg8, minimum t:ill'1go and convr:m·:. i<mc.:1.l m""chani~8d land 

propnration n:ethods nrc CQmp'l.rcd in G."<pnri~cr.ts conducted !lt 

CATIE; s hcadqu;:irters to :2valu.:\tc the effect of soil pr"parntL)n 
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Fig. 2. A.-. Number of forms considered for diagnosis, field testsi · and evaluation processes 
B.- Intensity on time of different process in CATIE•s methodology. •· 
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:·.r)r"«J·· ' ~~ 

on the severity of di~·eases, insect attci~k. 1 soil microbiology, 

and rate of residue mineralization in a traditional maize ~nd 

beans cropping system. 

Perennial plMts such as coffee and cncao ~e cc,mbincd with 

valua.ble ti.Tllber trees ::ind semi percnniu.l species such u.s sugar-

cane and plantain to study different systems of establishing a 

'perennial crops plantation syst~m as limited areas of these 

· - :?ei:ennial crops are often grown by small farmers. Hand labor 

distribution, capital requirementes and land use efficiency are 

. CJ_!. : ' conS iaeretl .. 

-· 
., 

Dif:t.erent sp:-1.tial nrrangements of a maize-common bean tradi-

. ' tio:ria:l rotation are being tested with Nicaraguan farmers to 
,. ':.\ 1!1. 

find the optimal distribution of beans plants around the maize 

stalks' that will batter utilize the residual fertilizer used in 

·maiz2 ·production. 

Since weeds nre n major problem for food crop cultivation in the 

lowland tropics, diffGrent m~peri...T.cmts in which hand labor, non-

specific herbicidus, minimum tillage, no-tillage and different 

traditional weed control practices arc compared. Effect on soil 

fertility, hand lclbor demand! cost and productivity of tradi-

ti:)n~i ·cropping systems bas<.::u on !'.11ize are considered. 
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B. A HIL.."<. AND BEEF PRODUCTION SYSTEM USIMG 

CROP DERIVATIVES RESEl\RCH PROJECT 

Past animal production research has prirnarily focused on improving 

methods of spocfa.lized milk and beof prC"duction. This purely livestock 

approach to research cesulted in discipline-oriented knowledge and 

methodologies that ~ould be used for the improvement of very specialized 

livestock farm systems. However due to the v.:i.rious. management and 

resource requirtments ··o:f those improved methods, tho small farmers have 
-, : .. 

not been able to capitalize on the benefits of this tochnology, thereby 

confining 'b"lemsclvos to a' diverse combination' 'of agricultural and live-

stock acitvities. 

Coisidoring the lack of an appropriate technology for improvement 

of sn,dll farmc..rs' 'mixed· f2xrning systems; a holistic approach is being 
' . 

una3rtnken by tho rGsearch team of this Project to conduct multi.di.sci-

pli~ary system oriented resenrch in order to gener~te technological 

alternatives for crop-cattle production systems. Such systems are to 

be basod on the cffici;mt use of farm crop by-products, serving either 

·.i.s a substitute or complemont depending on the season"1.l availability of 

pasture. 

The general obfectivo of the Project is to dev.::llop n.n integrated 

crop-cnttle production system basGo on crop by-products oi.ppropriate for 

small farm ecological and socio-eco:i:'lcmical ccinditions. 

The more specific objectives ere: 
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To g,~nerally chµracterize the predomin.ant mi:x:ed fnnn cattle pro-
•"···i· ... :. . • . ...... 

duction systems. 

T.o id•3ntify thG critical fo.ctors which detcn::iin>J the. productivity 

levGls of these production systans. . .... 

To create a sound Jmowledg1;; base to guide biG-·i'!COnomic er.peri-r-·· ; . 

mcntaeion and to provid€o the b;1sis for a subsequent technology 

transfer phase. 

To gonernte j.nformation concarning th(il nutritional;.valuc.of 

crop by-products. 

To develop stor:l.ge ,~nd CQnserv~tion methods fo:r; :cr9p by-products 

potentially useful as animal feed. 

The strategy followed by the Project is: 

Researoh i~ conducted at four different ecological areas of 
,l :· 

Costa. Rica. Milk production systems rcsc.::.rch is empha~,\.zed in 

thrcG are.:::.i:; nnd beef production systemas nrc studied in QJ19. 

area. 

Technicians loc~ted in each of the four regions gather data on 

general structure of tho. fl'l.rm subsystems, their interactions . . ' , 

and the relationship of the £.::.rm system with its ecological and 

socio-econoLJic er.vironmc~nt. 

Farm level. research .consists of a. stntic and a dync> .. 'Tlic diagnosis 

process and simple experiments to corroborate the diagnostic 

fim1irn;s. 1\t the. mq~c~Jment station level, agronomic character-

istics aml nvtritional v.:..luc <.'f crop clorivativcs resulting from 

the diagno~is process arG rcsonrch~d. 
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..;. .··:Production: deinonstratior\ ::uni ts'· ~r~ · be~g established within 

:v ' 
C.iTIE's Experimental Farm for self cricntatioh and training in 

::: ' ' . 
tho ihter<liscfplinary'':'lJJproachE:s rciquired in mixed farm produc-

tion systems. 

Training at the l1.S·. level is provided for Latin-a.."llerican 

Tho methodology· '!:ollowcd by·"the Cattli;;i Feeding System Resaarch 

. ' 
Project could be SU.."mll.drized in 3 main procesGcs~ 

Diagnosis 

Experimentation 

Evaluation 

The diagnosis has bean divided in two sequential stages: a static 

part in~obring ·the survey of nut!icrous (230) ·representative farmers in 

thcf.!four regions ·of Ccsta Rica and a dynaniic part 'involving the:: temporal 

. " ,• . : :.1 
observations of fewer '(40) farms during approximately .:ma year. Th<: 

purpose of the dynamic stage is to acquire a s0lid understanding of the 

farmer's dccision-mnkfng p:i:o~<:ss and an 'in "Jepth i:malysis of 'iii~ crite-

ria they.use· to discriminate ·a.fficng managerial decisions. 
':f' 

The diagnosis prccec;s will define: 

'"The systems· (compon~nts, limits 1 input-output :r.a·:::ios, etc.) 

'~ The objectives of the systems 

·~: n.Ei:tction of the systems to the anviroruncmt 

·The ·'·main constraints of the system 
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The experimental phase of tho. :?rojc~t cqn~ists,,o{; three stops: 

The study. of qualitative .and qtvmtitative agronomic vari,a.btes 
' . . ~ . ·. . . . ... 

of plant species nn~ variotics t~ o.ssc.~.s the .c~ttk .pl;'q~ust::Lon 

potenti.:1.1 of crop residues on farms ll1anag0d for. mixed purpoi;;,3s. 
: ,: ( J. ' ... ·: . . . . ,. ' . . . . 

Th-:: study of dif~crent crop re?idues ci.nf] by~products in tCfIOS . . . . ' . ' . . . . 

of their chemical compositicn, dry .matter# dige~tibility ,. intake, 
·.:.: . .. . . . . ' 

possible content of toxic subs ta.nccs .::i.nd others. 

storage and conservation metl:Qds for cr:ip by-product!3 are .. .Q.lso 
' _ _,'_;: 

studied bec~use th9 nvaila.bility of substantial quantities,of 
~ . . 

crop residues will usu2.lly coincide with periods of high pasture 
' 

availability. Consequently, adequate conservation methods.must 

be developed. 

Once tho limitations and advantage~ of a giv~n by-product are 

known, thr; anirn.::.l performance as a response to the use .. of iS.uch 

a derivative is evnlun.tecL This by··product may be us~c1 ej.}:j:l5:;;r 

as a basal dL;;t cc:mpon~nt or et!:! n supplement to grazing q.'1.¥nnls 

or in combin::i.tion with other supple~c:i-its rich in energy;,,~d/or 
·' 

protein. 

The evaluation process uses tho same c~Jt,~ria ns . those prev~oµsly 

described for the cro?ping system project. B~~~?~lly the ii:_tegr(lt.l,Q}l . . . . ,, . . . .·~. r:. . .. , ! ~ • ~ :. :. • • 

of the inform'ltion c:btaincd in, t tr~.:: f~eld e;.rpe:x:i~~?tatio11 _ ph9se i,s cgp-· 

sidercd both h-:.;~izontnlly .. (Elt thq a?lin101 production. sub7y~trpm .ley9l) and 
• ~· J. .. ' ·~; : " 

vertically (ct th0 f~nning system level) • . . '.··::). ' ... 



Cattle Feeding Experiments Using Crop-Deriv<:i.tivc~ 

-· Maize-bean is a classical association b'f crops widely pru.cticed 

· by small farmars in the wet and dry trcpics throughDut Central 

Al:clerica. Intukou chemical composition ·"lnd in v.ltltb uigestibility 

. of ·ben.r.. str:::.w and chopped maize stnlks '1rd being evaluo..ted 

through a. series of exporinents that .-:.!so include the nddition 

of different lovcls of molnsses. 

Sweet potatoes, bcc::mso of their potential for biomass· produc

tion in·the humid tropics, arc being studied ns a· cattle' feed 

source~ Since harvest of sweet potato is concentrated iri a very 

short pGriod .:ind since it has a high' moisture content, different 

levels of u.uditives to silages of the aerial part of the sweet 

potato nre under test. Non-commercial sweet potato tubers are· 

u.lso includt::d in tlle diet. 

Several .::xperi.raent·::ti' trials are conducted within the production 

•. demcnstraticn unit. These include tests of different species 

of legume! trees ·for nitrogen fixation, ·production of poles to 

be used as d·2ad c:r live fences nnd production of forage. The 

effect of bending vs. cutting maize tops C'n grain production 

and the.Qffect of adding different arnount&'of poultry litter to 

silu.ge mc:.dc frt..">'L:l maize tops is ~lst> being tested. Two species 

of trees {EJLltlvUn.o. ;;oe,pruJia.n.a. :in.i G,U;Uc.,ld,ia .6ep-lwn) aro 

being compared for use as living fences. 
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·, '· · ·c. AGR0FORESTRY RESEARCH PROJECT 

: ..,: 'i ' . . ' ~- ~·-

Throughout the humi:i tropiCs local people have developed interesting 

techpologies to manage stable production systems th~t combine ngricultur-

31 crops, treo· creps, forest plnr1ts and/or ::tnim.:i.ls simultaneously or 

sequentially. · However as ::i. result of pop11lati0n incroase and tho need 

to produce.more· food, production tcchnol0gies from drier tropics and/or 

temperate countries havi;;! beon transforrcd to these stable lowlands pro.:.. 
auction systems to enhance: their productivity. The encl rE:?sult of this 

transfer of technology has been the unbalnnco of those production systems. 

This unbalance is typified by the disappaarnnco of naturai vegetation 

witnessed in various tropical humid environments. In recent years, 

increased export beef production has induced large scalo deforestation 

followed by'the introduction of pastures, l:'l'..)Stly alle~ agr~ssive African 

gr:1sses, with dUbious Vi1lue coric€.:rriing tho establishnient of stable 

gr~zing systems. 

Most· of ·those changes reprcsunt ·'.'\ net aml often far reaching en-

vironment loss, particularly regarding th(~ potential productivity of the 

soil and the dis~ppi'larartce 0r dctarior":'.tion of natural environm'cntal 

protective· devices'~··'· . This loss als~ invofVes sd:e~tific and educational 

material and' even considerable cultural values;· all sacrificed ·for a 
I. 

substantinl short··t~rm economic benefit for a few • 

. Td counteract the present destructivetrenrJ, it is necessary to 

design production systems (l'.nv0lving· agricultll:r.::i.l ·crops'~ tree crops, 

forest plants and/or animals) that constitute technolog±~ni alternatives 

for land use in· the Centrnl Amcric1m lowlands tropics, The empi~ical 

knowledge of such alternativbs alr~ad.y exists' in many areas tnroughout 
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the humid tropics. This knawledge is ofton linked with the so called 

"primitive" conditions and technologies, but under scrutiny they often 

prove to be elaborated and sophistic._~ted. 

Considering the above described situation the general objuctive bf 

the Agroforestry Rcs-.:'.'l.rch Proj<::ct is to improve the ·productivity of agro 

ecosystems that combino agricultural crops, tr~e crops, forest plants 

and/or animals through a conservative management of· inherently limited 

natural resources. 

More specific objectives are: 

To analyze throughout Central America, the existing stable 

systems involving a mixture of t~eos, climbers, annuals and 

animnls that 11roducc goods and services for local populntions. 

This study encompasses the nature of the components, interactions 

among components nnd their environments: input-output ratios, 

etc. 

To study the intrcduction of tre,c crops that .. hu.vc suc'cossfully 

been integrated as components of farming systems, bo it for 

economic or social rer\sons or as n way of safeguarding tho 

productivi~y of the land. 

·To assess the potential of foragetrecs as components in grazing 

subsystems. ana· intGractions with the rest of the small farm · · -:·:; 

agro ecosyst;:;m. 

To study the use of live fence post and hedge trees in small 

fa.rm prcxluction s:yste~;s in terms ofthcir·contribution for the• i 

"' 
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; .,.. ... f':, 

production of goods and services. 

To stud~ rot~tions ~f sp~~ics thnt.includc food ~rops and trees 
'.-,I'"';' ·,;, '•.t ·' . .,..:.:-1: ' I r • ,"'• • , .... • ' • • ' - ~ 

from the stand point of_ pr,~s.ont modali tie$ ... :ma .possibl~. improve-
t:::· !.:···· . . l ... 

ments. ., 

~ .· : .· 

The genernl strategy followed.by the.Project.c,oulQ. be summarized 
!': . . . .\...: . 

as follows~ 
.. :.-

' .... ·· 
·1 • ,I> 

Since Agroforcstry is a rclativel:i'.' new concept, in rµrnl.9.evelop-

mcnt efforts, sev,oral intern.~tional and nationnl organizations 

have been contac.tec], to analyze their. approaqh~s .in. :;i.gi::'?forastry 

research. 

Available information on <lgroforcstry h3.s bce.n analyzed and 

organized for retrievnl at thc.Ci'l.'i'IE's Ngtural Renewable 

Resources Program. 
. ·r~ 

Seminars and workshops dealing with ngroforcstry h:i.vc been 

organized at CiTIE headquarters for Central !unerican re-

searchers. 

CATIE past experience in fast growing forest t~ecs species such 

as P-lnu.6 c.a.Ju'..bae.a. var. Uondurensis and Euc.a.lyptu-0 deglu.pta. is 

being analyzed to ascertnin the feasibility of incorporating 

these two species into small ~arm systems on land.not used for 
. ·: ··~"'-' ~ 

crops or pastures. . . 
1 :: .. . ••. ~. 'T:t.1: ' 

Several experiments at the Experimental Station combined food 
: . ·.;~ - . ! ; _,__ . ·~·.. -~·: '\. ", ~t 

crops with forest specie~ .. in d.ifferent combinations. Several . 
... . . ..·.,.. ,. 

of these experiments arc c0~dµctl:ld by stucl~nts f;rom ~he_ ~TI~E ,. , . 

graduate school. 
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Some field experiments in implementation by the; r.gr0£.:.:r0stry 

Project~ 

Simultaneous pla:nting of trees with annual crops (Taungya system) 

is bcinJ investigated <1S ~ method of reforostation.<_: Maize and 

common benns arc intercroppod between rows of newly planted 

native laurel (CM.cU.a. a..tU:odoJta.). 

M~izc and ccr:n:non beans are also intcrplantcd between rows of 

two fast growing tree species, Gne.Li.na cvr..bo~ea. and Eucalyp;tiu, 

deg£upta.. Agronomic and economic variables affecting these 

planting systems are under analysis. 

The use of na.tiv~ laurel {GoJtclla ai.Uodo!L.a.} as ~'high canopy in 

.. ~lant:ing:i of coffGO anQ.. qp.caq ~n . the humid Atlantic re'gion of 
... 

Costa Rica is being studied. In this study laurel stands above 

the ri.ornul coffee shade :oi::reo { £)[.y.t!mbi~· poeppig.U.uia)'. - ··inter-

.. ~ 

actions a>nong cot.lponc~!tS, input-output ratios, cycling Of nutri-

ments, etc. arc acnsiderod. 

,•1•; 

... 
INTEGR..'\TION OF '.:IBSE.:"\RCH PROJECTS AND 

EXTRAPOIATIO.N OF RESULTS 

The multidisciplinary nr..turc of farr.iing system research requires 

extensiv~ unc.1erstar..ding of thG wide rcmga of interad:.lons :found ·in 

complex production systems. C..'\TfE 1 i;/'t ou!:" programs· -· Ann~al "<:~r2ps, 

Percnninl Plnnt~, Natural Rcnewu:blc RGsodrces and C."J.ttle and Small .mi·· 

mals - provide te~hnicnl inputs for ''sp'c~ific pr;.,jedts tc study :i.nll 
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improve farming systems in Central funerica. 

At the conceptual level the design, modelling and ·;)V,~luation of 

technological altern~tives of every project is conducted through a co-

ordinated effort of researchers frr-·m the four Prcgrams. 

At the field level, experiments in which annu~l crops ::i.rc inter-

acting with tin!ber trc;es arc conductcxl both hy field crcps speci.::i.lists 

and foresters in coordination. In tho same w~y tho agronomic part of 
. .,'\ 

~~l f.(;leding using crops by-·products. is d,psigned am.1 cond.u.cted both 

by agronomists and anirtY-tl science specialists. 

Experimental design and computer facilities are shared by the four 

Programs and their projebt:s. 

Since filrl11ing systems vary along specific transects of changing 

environnt~n~al conditions, it has become widely accepted that farming 
.. .. 

system resc~rch is site specific. Due to this apparent specificity, 

the extrap0lation of research findings should be approached conscrva-

tively. The understnrrling of how environmental c::mditions modify the 

· 1ocations and the intensity of ·farmin·g· systems operations provides use:.. 

ful information to design methodologies =or adequate transfer of infer-

mation between two given ~rons. 

Classification of physical environments is a use:f;ul tool for the 

uesign of such methodolcgics. Cl'.TIE I through a Central American Project 

on Soil Fertility, is conducting rcse~rch to identify soil analogs 

based on several soil c\'1aracteristics. At the present time approximately 

2 
30.000 Km of the coast:i.l parts of El Si1lvador, Nicaragua and Honduras 

have been studiec: anrJ s:.::vcral soil types of similar characteristics have 

been idcnt:i.ffod. Bicclimatic as well as physiographic nnd topographic 

parameters .have been used in this study. 

Models and the concept of gradients are also under consideration by 

researchers in different projects. 



Table 1 

.-2s.::. 

Po2ulation and rate of populntion·incroase ·in Central 

. 1/ I:.meric,:i.-

Populntion (x 1000} Rnte of population increase 

Country 1970 2000 1970-80 1980-90 
(projected) 

I.; '. 

Costa Rica. 1 ,872 3,695 2,BO 2,57 

El Salvador· 3,549 8,803 3,30 3' 15 

Guatem<'.'!la 5,679 11,582 2,76 2,72 

Honduras 2,897 6,881 3;40 3,29 

Nicaragua 1,878 4,812 3,80 3, 19 

..!./ Source: Gen<:irnl Studies Division, Dept. Econ;' aI1d''soc. Dev. / 
Interai!laric.:::.n DcveloI?ment Ba.n>-:. Report on demographic. 
trends· end projections fo:r. Contrnl America. Wash.ington, 
DoC. 1977. 

1'990-2000 

2,24 

2,89 

2,40 

3,20 

2,70 
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Table 2a. Total farm ~rea ~nd nistribution in strata: 1970 

Fann a.rca. Distribution 
'· «'• 

Country 

Total Fann 

arcrn,11 less then 4 ha 4-35 ha more than 35 ha 

Guatemala 

El Salvador 

Honduras 

·. ' .. 14.ictirii'.guu::· : 
·. · ' Costa Rica 

._: ; .. : .... 
Central America 

3,752 

1, 646. 

2,462 

3,939 

·2 ,743 

( ·-. 
42,311 

463 

223 

154 

65 
.. 

48 

953 

! . 

803 

362 

824 

·514 
. ': :·~;, ~'. ~ : . 429 

2,932 .. 

~ ·~-~E? ·-
1 ,061 

1,484 

3,360 

2,252 

10,657 

T~ble 2b. . Extend and yield of crops in farms of different sizes 

·:(::· .. 
F A RM s ± z E 

Crops Totnl 1/ area- less than 4 ha 4-35 ha more than 35 ha 

Area 
. ... 2/ 

Av. Yield-- Area Av.Yield Area .P..v. Yield 

... . ,·1·,· 

Maize 1,526 397 720 815 1,070 314 

sorghum 259 78 680 138 1,320 42 

rice 134 74 1,360 45 1,840 14 

whc.nt ··::s-c~ ;,1 '0.9 . .i 1 ·~·440 ; .. ~;a 1, 180 
~; . :' :"'( ~ :· 

·· . lO 
.· .. ::;.",." _;.. 

beans 306 13 550 167 710 65 

cass;:i.va 15 3 3,660 8 5,470 3 

potato 10 2 2,000 6 5,920 2 

11 = thousands of ha< y == kg/ha 

Source: SIECA. Pcrspectivus para ol dcsarrollo y la integrncion de la 
agricultura en Centro America. Two volumes, Guatemala 
1974. 

1,670 

1,960 

2,340 

910 

7/.0 

5,840 

9,470 
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Table 3 Rurnl populc:.tion and tot:i.l agricultural incomo by S<)Cio-

economic strat.:1 · {1970) 

. , ... , 

Size of the farm 
'~ 

less than 4 he:. 4 - 35 h~ more.than ·35 ha 

:N°pcople Total Inca:nc N°people Tot~l Income N°people Total Income 

Country ... (X 1000) (million$) {x 
::'; 

1000) (million$) (x, JOOO} (million$) 

Guatem."tln 3;044 107 515 67 96 

El Salvador 1;844 61 235 75 57 

Honduras 1,219 4~l' SSS .... ".) "·' !' 93 { .J 

Hicaragua 697 70 305 42 211 

Cos.ta Rica 836 64 225 58 130 

A.mericn 7,764 371 1r835 315 587 

source z SIECil.. Perspcctivas .:-?nra el·. desa.rrol].,o y la intagra.cion de la 
agricultura on Centro: ll.merica.. 'l'wo volumas / Guatemala 
1974 .. 

·FIT0-846-78 
R;;t,1fse. 

134 

120 

87 

53 

165 

559 




