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A FARMING SYSTFM RESEARCH APEROACH FOR

SMALL FARMS OF CENTRAL AMERICA

théuiétidﬁ increase in Cehﬁral America remains sﬁove 3%Jpér yéar;
in spiéé-of puﬁliéyeffdrt tc régﬁlate populati5n growth. An estimated’
toﬁal of mére iﬁan 35 millionApeégie will have to be fed éyuéhe yééfv
2000v(Table 1). 1In Central Aﬁerica, the maﬁorié§ of.tﬁeliocéily con- ~
sué;a foods are proddced on small farms. 'In spige of ﬁécg%t dévelobF-

méﬁﬁs in ﬁewvtechnolOgy. small férm éfop.yields:;éméin'éonsidéféﬂiQ

lower than theose Of the larger ohes (Table 2). Chhsé&ﬁénﬁiy incrééséxin
éarm productién has ne ﬁore than kept up with the iﬁcreése ih'bopﬁlation.
Low average income and the éﬁall size of their farm ﬁni;é are.aﬁong

the main constraints that limit the Central American small farmer's’

ability to téke full advantaée of‘teqhnology that farmers with éreater

- e

o T L IAT amhoag
land and capital resources have so successfully utilized to 1mpxbye the
productivity of their hcldings (Tabie 3;.

'

More appropriate technoiogies that consider th= main constraints

faced by small farmers have to be develdpéd-if their livihg'cénditions

are to be improved within reasonable limits of time. The development

of these neﬁ techndlogies shouid cénéider fhe'farm as a reférénée ébiht
and should be based on a profcand uﬂ&érsfahding'of the émall'féfﬁ systems
tﬁéf areidpefating undei different ;Cglogicai andqsocio;ecbnomié dg;éi-
tions th;éﬁéﬂdﬁt Central Amé;ié%u

A farm system is a complexly inccrdependent aszociation of plants,

animals, soils; labor %o0ls and cther inmputs; all influcnced by the-

ecological and socio-eccruinic anvironment and predominantly dep ndent “on

the farmers Knowledge, smbition and abilities *o convert these inputs



into outputs. In the procéss of ada@ting crcpping paitterns, livestock
combinations and farming practices to the condition of cach location in
Central America; ;mall farmérs have devecloped several more $r léﬁs-
distinct types of farm Systémsu Within thesc farm syétems.mo§£.0f>tﬁe
crep éﬁd apimal activities arc closely rzlated tc each other 5y:the
comﬁéh eﬁéloyment 6f 1abor,lhné and capital resources. Change in any
one pf&cfice ﬁsually reguires a reappraisal of zll of the others. since
the yyétém has béen imbalanced by such change. | |

vFarming éysteQé in Ceﬁtral Aﬁerica vary along gr;aients of.éﬁviron—
ﬁeﬁéal éoﬁditiéns ranging ffoﬁ perennial crops - tropicél roots.m graéing
éystems in thé lo&lands éroéics to the maize-beans—smail animals sjstems
in the wet.and dry tropics and the méizewsorghum holding of thé sémi-l
arid iﬁtéridf:reéiéne .The"miiéd’ij-potato-field cropé’holdiﬁgs agé‘
coﬁﬁon-in the Central American ‘altiplano'gf, ﬁhiie thé huitipie
cropping systems which characterizc the.émall farm of Central America
have théif.basis in the practices of the haya indians, a widé variety
of ﬁuropean érops and domestic animals have been incorporated into fhis
basiclgcheme.' This results in farming systems_of inéiediﬁle cﬁmplexity.

Bcologically, small‘farmers are opcrating under vory compiex and
goorly understoad trépical ccosystems where they have developed specific
a§£oééosystem§ by réplacing nétﬁral populations with populatioﬁs.of.a

agronomic value. Unlike temperate regions, in the tropics the inter-

maize field, often with other crops interplanted
high plateau

1/ milpa
2/ altiplano



actions among the natural communities and the agrceccsystems and’ among
. the tropical agroecosystems® components are not well understood, mainly
due to the lack of sufficient basic biological information.-: -

From the socio-ecynomic point of view, Central American-small
farmers are also facing a very complex environment characterized by
i;stabi;ity of prices, inadeguate inputs-and. outputs marketing, infra-
structure, poiitically rather than technically oriented land reform

programs and others.

CATIE. with the national institutions of. the Central American
Is;ymus, is working to improve the standard of living of small farmers
by inc;easing agricultural and forest production through rational use
of natural.re;ources, Considering this objective and in response to
the‘apoyg.described_situapion,_CAﬂlC has adopted a Farming System ap-

proach to study the small farmers and their. environment in Central Ameri-
ca. A descrivntion of the objectives of this Farming System approach

foliows:

ngeral
~ To g=nerate rgligble,qpexsistent and flexible alternative tech-
nologies through a conservative management of limited natural
resources thai will improve the preductivity of the resources
of the small farm system, thereby contributing to the socio-
economic well being of the small farmer and kenciiting soéiety

as & vhole.



Specific

Tc analize the farming systems operated by small farmers in dif-
farent ecological and socio-economical environments in Central
America; considering land, capital and labor distribution in
time and space zmong the farm subsystenms.

To develop a'methodologyito design, test and evaluate " (within'
the framework of a small farm) alternative technologics more
suitable to the small farn.

To provide training, technical cooperation and infoxrmation

services concerned with small farm system improvéments which

will strengthen the cepacitv of national institutions to cdrry
on adsquate programs of technical assistance for small farmers.
To provide information to néticﬁal{énd'fegional organizations
for the design and implementation of integrated programs for

agricultﬁral development which inciude land reform, credit ex-

tensicn and, other complementary efforte.

To scrve as a link between the findings of crop or animal
oriented research institutions and national organizations mainly
concerned with a regional approach for agricultural deveié?ﬁéntn
To improve the prcblem identification process and select target
rescarch problems in farminﬁ‘éystéﬁ practices to be studied by

national, regional and international research organizations.



Three-integrated Roscarch Projocts (Small Farmers Cropping Systems;
Milk and Beef Prcduction Systoms and Agroforestry:Systems) are ‘prescntly
being :implomented to accomplish thce above described general and specific

Small Farms. - ‘ S T

A. THE CRCPPING SYSTEMS RESEARCH PROGJECT

Technhology ié a social product that refleccts the unigue character-
istics-of the agricultural systeom that origirated it. The successful
txaﬁsfer of technolcgical information between two given points requires:
a profound knowledge of both ‘the characteristics of the place of origin
and the place of Aestinv of this tcchnclogy.’

In Central Am2rica, agricultural research has primarily been
dedicateéd to the generation and adaptntion of technclogy for industrial
or large markct criented crepz; i.e. coffee, bananas, cacao,’sugarcane}'
cotton and rice: crops that constitute zhe solé omponentg of monocroo
production systems. This type of agriealtural tcchnology (invariabiy
involving the use of machinery, fuortilizer, pesticides and. other high
cost inputs £nr moneculture) was available, relcvant -and conscquently
successfully adapted to incraase productivity of these cnlonial crops;ﬁ'
rogarxdiess of the ecological implications of its usgce. Conversely basic
food crops such as maime, beans, cassava, plantains, SOrqhum?anﬁ others
that constituted the plant comdonont of complex traditional multiple
cropping systcms deceply xooted in the culture of the small famers were

not given, until recently,., deserved attention.
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Despite the int;gduction of new varieties of food crops and dis-
;overies de:ived_from thﬁ?dcveiopmentalltype of research from temperate
countries, small farmers were not fully incorporating this new technolaogy
into their tradition;i_c;npping systems. Tt became evident: that. khows
ledge of the precess of integration of new component technologies: into-
existing farming systems was lacking, particularly at the level of the
small tropical farmer.

Traditional cropping systams can be appreciated as an expression of
the é¢ynamic equilibrium that exists between man's nceds and abilities
ané naturc’s resources and restraints. Given the ecological rapd-socio-
(yonomiq‘cgnditionsg these traditional cropping systeins operate -very
close_to thg optimun. However most traditional cropping systoms -are -in-
a constant state of evoiution by gradually incorpcrating fragments of
“outside® technology in their operations. The selection by the small
farmer of technological components to be included within existing
cropping systems is based on the criteria of maintaining a masximum
degree qf control on the whole production system once this innovation
is functioning within the system. Traditional cropping systems are
usualiy highly efficient in the use of energy. Recant price increases
of fossil-based agricultural inputs havc furthef,increased,the relative
advantage of traditional agriculturc, compared with energy intensive
agriculture.

Given the high degree of adaptaticn of traditicnal cropping systems.
to their envircnment, an accelerntion of natural cvclution instead of a
revolution seems more likely the approach to follow in the prccess of
geonerating persistent, reliabkle and flexible tochnological alternatives

to improve the productivity of thesc traditional cropping systems.



These -technological alternatives must be designoed within the conceptual
framework of.a small farm, tested within tho physical framework of a
+small farm including farmcer management and finally evéluatea both in
terms of -productivity and fitness to thé existing system.

Considering the lack of an adcquate technology for the small
farmer, in 1973 the former Department of Tropical Crops and ‘Soils of
CATiEi decided ¥§ devota a major share of its hudget and professional
attention to tﬁé.study of cf;béiné systems for small farmers in the
tropidg; .Aé.a.means of 3elf orientation to the interdiséiplinéry Ap-
proaches required in cropping systeme invaostigations, a mdltidiscipli~
nary team of researchers was organized to devclop methodology for
cropping system field research. An experiment designed with 24 differ-
.ent cropping systems that include moize, beans, cassava and. sweet potate
wés iﬁﬁléménééd and is still under test to study the persistence of
these cropping patterns.

In July 1975, the ocutreach phasc of thig project was initiated in

Central Amorica. This rhace has beorn financed largely by the Regiongal

Office for Central Amcrican Programg -(ROCAP) of “the USAID.

The genural cbijective of this cutroach projeost is to develop
improved crcpping svstems for use by low income farmers and create a
capability in tha Central hmericzan region and its countries to continue
to develop such cropping systems.

More specific objectives of this outreach project are:

~ To.study the cropping systeias now in use by low income farmers



frdm_the stand point of producticn per unit of limiting resource,
income, nutritional value and employment opportunities.

- To design, test and cevaluate cropping systoms which will increéase
small farmers®' economic bencfits, general well being, productioén
‘and employment oppq:tunities.per unit area of land-at various
1evelstof tecﬁnical inputs, ecological conditions and socio-
econcmic si;uations throughouq Central America.

- To assist national institutions of the five Centrdl American
couﬁtries in the creation of 4 capability to conduct research in
cropping systems for small farmers.

- To provide training needed ﬁo:gualify Centrxal American researchers
to collect pertinent base line data, to conduct field tast of
technplogical alternatives.with small farmers and to evaluate
thecse ;lgernativcsf

- To conduct a continuing rescarch program at Turrialba,; Costa

~Rica to develop imp;oved mcthods for conduéting of field trials.

The general strategy of the project is: L -

- As a regional ¢rganization, CATIE arranges with the Ministries
of Agriculturc .of the.Central American countries for cooperative
work at spucific gites that represent important ecological zones
where concentrations of small farmers exist (Fig. 1). Local
collaboraticn of appropriate national institutions is essentinl
and has been obtained.

-~ A resident agronomist from CATIE works with the national insti-

tutions in cach of the countries outsidce of Costa Rica, in
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ipterdisciplinary team stationed-at CATIS®s hoadquarters provide
project support for éianning, implcmentation and data analysis
of field work at the chosen sites.

R LR

N . . . ' ¥,
- §kﬁdona1 scientists werking in small fakmeys research programs

bl

~ete

. : .\1 (3 3
~' are offered a seminar coursc that concentrates on: diagnosis of

small farmers sivuation; designs of technological;alternatives;

.y

%ield tests of alternatives and evaluation of the\EQE?nologicél
alternatives. | e

- Regional conferences and workshops are organized either at
Turrialba or in any participating country.

-~ Documentary information and publication services are provided.

The methodology followed by the Cropping System Research Team could
be summarized as four interrelated processes:
Diagnosis
Modelling of technological alternatives
Field test of alternatives

Evaluation of alternatives

Diagnosis, modelling and evaluation of nlternatives arc continuous
processes. ilew alternatives are designed and the evaluation criteria
becomes more precise as the diagnostic process is improved.

The alternatives te be tested and the avaluations nccessary to
verify thesc alternatives usually goas beyond the capability of current
research teams. A rigorous selection based cn the farmer's main needs

must be made.
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The diagnostic process is donc at 4 levels:

- 'Macfo—Di;gncsis
This level involves an analysis‘and sypthesis of_secondary in-
formétion abcut the céuntry Qﬁch as relative Qcpngmic development,
égricﬁltﬁréi sector p;liciés, econom;phorgan%zgpign, infrastruc-
ture, and othefs.lfTﬁis ié-dono‘fg{kgaggxrggion;ang group of
farms within the region wherc the tgﬁm'has‘éggg assigpqd‘EP work.

- Area Diagnosié |

Here the region becomes the ﬁocus of the study. Both sccondary

ahd'pfimar§ soﬁfées (s;rveysg'fieid visits,.case‘studies, etc.)

of data arc us<d. Geograp?g;s,1anthrqpqlogists(_ecologists, and

.otﬁer“spéciaiiégs.ure‘usu;lly involved 1t.this Leye} of diagno-

sis. Rolationships between farms and than;clationship of the

farm groups with +ha exfpfﬁél.gnQirqnment are ana;yzed and

discussed by £he.s£udy ééam.

~ Farming Systems Diagncsis
Primary sourcc information is needed since accurate secondary
infomantion is lacking in Central America. The stqutu;e (sub-

~

systems or components) of the unit of preduction is identified

T . .. . . )
and studied to determine the intensity of the dynamic inter-—

actions cmong the differant activities in terms of their demand
FERTE ' - . -
on farm roscurces and their contribution to farm income.:. The

amount of resourczs ncoded for each subsrstem activity is. analyzed

ovar time for the agyonomic year.
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- Cropping System Diagnosis.

At this lgvel, the cropping pattern and management used by the

farmer are analyzed to determines what, how, when and why arc
crops cultivated.

ybne or two of the croppiné systems are then selectf:da Criteria
sﬁéﬁ és the nuﬁbef of people dependent upen the system, the
nutrifiénal-benefiﬁé of the éystem; usce of hand labor, otc. form

the bosis for making the sclestion.

After the diagnosis process, the expected outputs arc:

~ Définition of‘the syst;m {limits, components. inperactions,
‘ihpﬁt—output rafios, etc.).

- Definition of the objectives of the system (fqrmer, community,
’gOVérnment). | '

~ How the system rzacts to the environment.

- How the environmcntal variables interact.
Design of Teehnological Alternatives

If the system and its ébjectives are known and its reaqtions to the
epvironment and the reiatiéﬂs.between environmental variables arc under-
stood, the ﬁain constraintélof fhé system can be identified. The design
of: techhdlogical alternativéé is-a c&ncéptual phese in which medels are
designed to overcomc the-idéﬁéified consiraints and sapisﬁy ;bc farmer
objectives. Within this procéss altornatives are considered in which

cne or several of the following possibilities nre studied: a) inputs

are changed; b) alternative components are tried:; c¢) arrangement cf
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compcnents. are modified; . d) inputs and components are changed;:.e)...:
components ~nd arrangement of .componentsare modified; - £) inputs and

arrangement of ccmponents -are changed;;- g) inputs.  components..and ar-

rangements of componuents arc changed.: - ..

The main..product of this process. is a_ setsof,models to be sulmitted
to sq;gct;pp by..the, farmers,; cxtension agents: angrescarchers to detor-
mine which will . be. testod . in the;field..

necording to the degree:of-knowledge.of the arca.and. farms and of
ccmplexity of the information cbtained in the diagnostic process, the
gelection is conducted under the general criterion-that:increasing @ .o
levels of understanding of a particular system are required to operate

it;<to modify it, to improve.it-or:tc replace the existing: for a new

ome. . - -

Field Testing of Alternatives . . ... - - ~ S Lme L w

The experimental design of the technolegical alternatives to be -
tested in the field.and the distribution of replications :throughout the
area;constitute:the-mqstnimportant aspectg of this rescaxrch processi.-
Repetitions of the same experiment. digtributed among. scveral-farms
permit. a wider. frame of referznce to analyze the offects of differdnt:-
environmental variables that medify the field resulis as woll as the.efi-
fects of different types of managemont .when  the plots are .either vartly
or ontirely undar farmer monagement: . .Critoriz for seleccting farmers
(and farms) arc mainly-based cn how well they represent-different points

in a gradicnt of 2 variable which: is, onc of the main determingnts of the



cropping systém performance in that particular arca. Preéipititién;.
topography; soil reaction; size of ‘the farm, available hand labor and
cther possibly detcrminant variables arc considdréd'siﬁgly of in combi-
nation, to sclect the oxperimontal'farmsl

The product of this research prccess is a set of experimental
results. If theseé research findings solve some of the coﬁétfaints
identified in the diagnostic preocess, the improvéd or-new.cfdpping
systems will be evaluated with more farmers to ascertain how well the

question "what does thc farmer want from the system?” is answered.
Evaluation of Alternatives

The evaluation process -is greatly simplified if the moael of the
technological alternatives was selected with the participaticn of the':
farmer before field implementation and if the farmer and the researcher
shared on equal basis the responsibilitics of the field work. The
process of evaluation begins early in the research effort. however, its
emphasis is it the later part of the rcsearcﬁ cyé1e'when more farmers
are participating in the field tests. Evaluation is ~ complex and
centinuous process. The farmer's ability to integrate isodlated compo:'
nents or subsystems into his production system is also a dynamié proééss
highiy dependent on the socio-econemic environment. Long term evaiué—'
tion efforts are necded before a definite judgement about a partiéﬁlér
set of technological alternatives nnd its acceptability Ey farmers can
be made. © Evaluation criteria include adaptability of fecthlbgy to‘
ecological and. socio~ccononic environmental chéﬁgés}‘éiﬁplicity'bf

management, congruency of improved technclogy with existing farming



systems, profitability, ctc. (Fieuxce 2).
Some Cropping System Experiments in Implementation Throughout Central america

In some serd arid regions of E1 Salvador and Hicaragua several

water and soil conscrvation practices are being £ested in f;fmer’s

ficlds with the traditional maize-~sorghum cropping system and

scme noew cropping systems including cowpea and/or pigeon pea in

addition to maize and sorghum.

powwle rows of sorghum alternated with four rows of common beans

{(cash crop in this case) prevent the desiccating effect of wind

on common beans. This particular cropping system is in the

avaluation proccssf

- Velvet bean (Stizolobium deeringaianum) is used as a cover crop
under maize tc prevent weed growth and alsc serve as a green
naznure in some arcas of Centrel American lowlands. Experiments
are conductced to determine the feasibility of partly replacing
velvet beans with different varietics of cowpea to provide an
extra food source for the farmer and serve as covar crop.

- Different associations of ricce and maize using traditional and

improved wmoize and rice varietics are being tested under dif-

1]

ferent levels of management in arcag of erratic precipitation.
The objective is to diminish the risk of excess or lack of

pracipitaticn.

- o tillage, minimum tillage and convaniional mechanized land
- o
preparation methods arce compared in experimenits conducted At

CATIE‘s headquarters to 2valuate the cffect of soil proparation
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PELI

on the severity of diseases, insect attack, scil microbiology,

and rate of residue mincralization in a traditional wmaize and

HEEIN

'beans'cropping systém.

Perénnial plants such as coffee and cacac are combined with

)

valuable timber trees and scmi percnnial specics such as sugar-

cane and plantain to study different systems of establishing a

“ perennial crops plantation system as limited areas of these

e vay

‘nérennial crops are often qrown by small farmers. Hand labor
distribution, capital requirementes and land use efficiency are

onzidered.

]

.‘\&

[
o0

Different spatial arrangements of a maize-common bean tradi-

tional rotation are being tested with Nicaraguan farmers to

N

" £find the optimal distribution of beans plants arocund the maize

étalké'that will better utilize the residual fertilizer used in
‘maize producticn.

Since weeds are a major problem for food crop cultivation in the

‘lowland tropics, different experiments in which hand labor, non-
specific herbicides, minimum tillage, no-tillage and different
traditional weed control practices are compared. Effect con soil

fertility; hand labor dcmand, cost and productivity of tradi-

“tional cropping systems basced on maize are considered.,
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B. A MILX AND BEEF PRODUCTION SYSTEM USING

CROP DERIVATIVES RESEARCH PROJECT

Past animal proddction rescarch has primarilyvéocused oﬁ improving
methods of spccialized milk and beof prceduction. Thiﬁ purely livestock
approach ‘to research resulted in discipiiné;driented xnowladge and
methodolegies that could be used for the improvement of ver& specialized
livestock farm systens. lowever dﬁe to the various.manégeméht.and
resource requirements“df these improved methdds, the smali férmers have
not been able to capitalize on the benefiﬁs o%“this technology, thereby
confining tiemsclves to a'diverse combination of agricultural and live-
stock actlvities.

Cotsidering the lack of an appropriate technology for improvement
of smll farmcrs"miXéd'férming.sysfeﬁ;;'a holistié ;pproach is being
undertéken by the rescarch team of this Project to ESnducﬁ mﬁltidisci—
plinary system oriehted research in nrder to géneféte'techhoibgical
alternatives for crop-cattle pfoduction systéms. Sucﬁ systeﬁs are to
be based on the efficient use of farm crop by-products, serving either
15 a substitute or complement depending on the seasonal availabilify of

pasture.
The general objective of the Project is to develop an integrated
crop-cattle production system based on crop by-products z2ppropriate for

small farm ccological and sgocio-econcmical conditicons.

The more specific objectivaes are:
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L T?hgspe;a¥ly ch@fgcterize the predominant mixed farm cattle pro-
_duction systems.

- To identify the critical factors which:determine -the productivity
levels of these vroduction sysfans. e

-, To create a sound knowledge basc to guide bio-zconemic experi-
mentation and to provide the basis for a subsequent technology
transfer phasec.

- To generate information concerning the nutritional valua of
crop bywproductsc . B _ C

- To develep storage and conservation methods for .crop by-products

potentially useful as animal feed. CLoe
The strategy fcllowed by the Project is:

- geseargh_iq conducted at four different ecological areas of
Costa Rica. . Milk production systems rescarch is emphasized in
threg areas and beef production systemas arce studied in one
area. .

- Technicians located in each of the four regions gather data on
general structure of the farm subsystems, their interactions
and the rclationship of the farm system with its ecological and
socio-econonic environmont.

- Famm level research consists of a static and a dynamic diagnosis
finéings° At the_exgq;iment station level; agronemic character-

istics

¢

nd ngtritional value of crop derivatives resulting from

the diagnosis process are rcsearched.
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4*5Pfodﬁétion3demdnstratibﬁ“uni£shéré'beiﬁg esféﬁliéhea within
ATIE's Experimental Farm for self urientatfgg aﬁd:tféining in
the interdisciplinary’ approaches fcgﬁifed'inrﬁixéd:fArm produc-
tion systems. .
» =" Training at the 1.S. level is pravided'fbf Léﬁin;ameriéan

graduate students.

The methodology Followed by’ the Cattlm‘ﬁeedih§:Sys£em Research
Project cculd be summarized in 3 main processes: o ”
Diagriosis
Experimentation

Evaluation

The diagnosis has becn divided in two sequential stages: a static
part inyolvingrthé survey of numerous (230):fépresentativé‘fafmers in
the ifour regions-of Césta Rica and a dynamic part'ihvoivinglthe temporal
observations of fewer (40) farms during aﬁﬁiéximately one yéar;ﬁ The
purpose of the dynamic stage is to acquire a solid understandiﬁé of the
farmer's decision-making proééss and an in ﬁep£h analysis ofﬁgﬁé crite-

ria they use to-discriminate amcng managerial decisions.

The diagncsis prccess will define:’
”"The'systehs'(components,'limits, input-sutput ratios, etc.)
7 ipheiobjectives of the systems

Reaction of the systems to the envircnment

‘The-main constraints of the system



The experimental phasc of the Project qgggistsuqﬁ_;hree steps:

- The study of qualitative and quantitative agronomic variables
of plant species and varictices to assess the cattle .production
potential of crop residues on farms managed for mixed purposes.

- éhg %tudy éf_ﬂiffe;ent crop rggidgeslgpd by-products in tegrms
Qf_thei; cﬁe@}gql,composit;cnﬁnd;y_mapﬁer, digestibility, intake,
éo;sible content of toxic subg?gpces and others. . Different
stor;gc and coggervatiqqﬂmethp@s for crop by-products are also
étgdied because thgfgyailability_of substantial quantities:of
crép fesidges will usually coincide with pericds of high pasture
:aygiiability. Copsequently, adequate conservation methods- must
‘be developeda

_.‘once #hg 1imitation$ and.advantageglof a given by-product are
kno&n,'the animal performance as a response to the use of such
a derivative %s evaluateq, Th}; gynprodqct may be used either
aslé basal‘diet component or qg\q:supplement to grazing animals
of‘is combiﬁétiQn'with other supplgggnts rich in energyﬁgpd/or

RS

protein. . T

The'évaluation process uses thc.samg c;%%gria as . those previously
describe&yééfjthe‘grq?ping systgg'pygjggp,_ Basically the integraticn
of the infqrmntipn ogta%ned igfthe field egpeyim%ptatiop_phqse is con-
sidercd bofhfhs;iggptéllyj(at.thg animal producticn. subsystem level) and

RS I

vertically (at the farming system level). e

DR
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Cattle Feeding Experiments Using Crop-Derivatives

-+ Maize-bean is a classical association of crops widely practiced
by small farmers in the wet and dry trcopics thrbughoﬁt Central
America. Intake, chemical composition and in v{frd digestibility
- of ‘bear straw and chopped maize stallks ard'being evaluated
through a serics of experiments that slsc include the addition
of different levels of molasses.

"~  Swect potatdes, because of their potential for biomasé-ﬁfoduc-
tion in the humid tropics, arc being studied as a cdattle feed
source. Since harvest of sweet potato is concentrated in a very
short perioed and since it has a high moisture éontent, different
levels of additives to silages of the aerial éart of the sweet
potato are under test., Non-corimercial swioet potato tubers are
also included in the diet. -

~ Several experimental trials are cconducted within the production

- demanstraticn unit. Thesc include tests of différent speéies
of legume trees for nitrogen fixation}'broductidﬁ of poles to
be used as desad or live fences and production of forégé.u The
effect of bending vs. cutting maize tops on grain production
-and the sffect of Adding different anounts of poultry litter to
silage made from maize tops is also being tested. Two species
of trees (Enithiing soeppijiana ~nd GLinicidia sepium) arc

becing compared for use as living fences.
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vir i°Ce AGROFORESTRY RESEARCH PROJECT

Throughout the humid tropiés lccal people have devoiéped"iﬁferegging
techpplogies to manage stable production systems that combine agricultur-~
al cropg; kreé crops, forest plants and/or animals siﬁulﬁﬁhééusly or
sequentially. - However as a fééhlt of populatinn incréase and the needl
to produce:more f£ood, production technologies from drier frbpiéé.ahé/ot
temperate countries have becen transferred to thesc stable léWléﬁds'pfS:
duction systems to enhance their productivity. The end rééulf oflﬁhis
transfer of technology has been the unbalance of these production systems.
This unbalance is typified by the disappéaranco of natufaivvegetétion
witnessed in various tropical humid environments. 1In recent years,
increased export bBesf production has induced large scalc déforé;tation
followed by the introdiction of pastures, mostly'élieh aquSéive Africah
grasscs, with dubious value concérning the establishment of stable
grazing systems.

Most’ of ‘these changes represcnt a net and often far reaching en-
vircnment loss, particularly regarding the potential productivity of the
soil and the disappearance or deterioration of natural environmental
protective:deviceds This loss also involves Scientific and.éauc%tional
material and-evenh considerable cultural Oalues;:all sacrificed for a
substantial short-term cconomic benefit: fbr a féw,

.. DS.covntéract the present destructive trend, it is necessary to
design production systems (involving'agriculﬁﬁrﬁlicfapst tree crops,
forest plants and/or animals) that constitute technéld&iéai alternatives
for land use in’the Central American lowlands fropics, The:empifical

knowledge of such alterndtives alrcady eéxists in many areas throughout
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the humid tropics. This knowledge is often-linkéd with the so called
“primitive” conditicns and technologies, but under scrutiny they often

prove to be elaborated and sorhisticated.

éonsiaering_the abcve described situation the general objective of
the Agroforestry Rescarch Project is to improve the productivity of agro
acosystems that combine agricultural crops,; tree crops, forest plants
and/or animals through a conservative management of inherently limited

natural resources.
More specific cbjectives are:

- To analyze throughpug Central America, the existing stable
s?stems involving a_mixtu;e of trees, climbers, annuals and
animals that produce goods and sefvices for local populations.
This study encompasses the naturc of the components, interactions
among components and their environments, input-output ratios,
ate.

- To study the intrcduction of tree crops that.have successfully
been integrated as components ¢f farming systems, be it for
cconomic or social reasons or as a way of safeguarding the
productivity of the land.

- 'To assess the potential of forage trees as components in grazing
subgystemsnand'interactions vith the rest of the small farm -
agro ecosysten.

- To study the use <f live fence post and hedge trees in small

farm production systems in terms of their-contribution for the’

R



production of goods and services.

U [}

- To stgdg rotgtiqns ?f,SPECiFS that.includq food;crops_gnd_trees
f§9§ the stand point of\p;qicnt modalities and possible. improve-
The general strategy followed by the Project could be summarized
as follpws;.
- éince Agroforesﬁiy is a>relatiyely new ccncept,in ruralhdevelop-
ment_efforts, segeral intern;tional and natignal organizatiOns
haYelb?en con;aqted to analyze their.approaghes:in,agrqforestry
wm;esearch.‘ |
- Ayailahle information on agroforestry has been analyzed and
o;ganized fpr retrieval at thg:CATIE'é Nggural Renewable .
Aﬁésoﬂrces Program. i

- Seminars and workshops dealing with Ngroforestry have been
organized at CATIE hcadquarters for Central American re-
searchers.

- CATIE past expericnce in fast growing forest trees species such
as Pinus caribaea var. Hondurensis and Eucalyptus deglupia is
being analyzed to ascertain the féasibilify of incorporating
theig two'spesigs igggismall farm systems on land .not uscd for
crops gg_pasgugesththf

- Severa; exp@;}ggntswgpﬂpgp Egperimental Station combined food

crqpsﬂyith fo;egtvspeqigﬁjinAdifferent_combinations._ Scveral .

éf:tpesevexperimentg.a;e conducted by students from the CATIE

graduate schoocl.
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Some field experiments in implementation by thoe hgrofcrastry
Project:
- Simultancous planting cf trees with annual crops (Taungya system)

is béing inveétiéateﬁ as é method of réforestaticn;wguaizc and
common beans are intercroppoed between rows of newly plaﬁﬁed
native laurel (Cordia alliodora).

- ﬁaiéé.ﬁnd-ccmmoﬁ begﬁé“are also iﬁtofblaﬁted between rows of
two fast growing tree species, Gmeﬂina anborea and Eucaﬂyptué.
deglupta. Agronomic and cconomic variables affecting these
plantiﬁé systems are under:analysis.

- .The‘ﬁse of native laurel_(CpﬁdLa alliodona) as a high canopy in
‘blantings of coffee and gpcaq.in the humia”Aﬁiaﬁtic'fégibn of
Costa Rica is being studied. In this study laurecl ééahaélabove
the ﬁbfhdl coffee ‘shade :trec '(Enythnin&'hbeppégiana)}“”fntef-
actioné among compcnenfs; inpﬁt—outpuﬁ fatios, cycliﬂézgf nutri-

ments, etc. are aonsidercd.

INTEGRATION OF :@smncu PROJECTS AMND
m:TRAPoLA_TION OF RESULTS
The hﬁléidiSciplihar§ n~aturc of farming s&éﬁcﬁ.rééearch requires
extensive understanding of the wide range of interactions found in
cemplex production systems. CATIE'S four prpgrams - Annual Crops,
Perennial Planté, Nétural Renewabié Resodféeé'and Cattle and Small Ani-

mals -~ provide technical inputs for specifié projects to study and
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improve farming systems in Central America.

At the conceptual level the design, modelling and covaluation of
technological alternatives of every procht is conducted through a co-
ordinated Affért of r;searchers frfﬂ the four Prpg;Qms;V o |

At the field levcl, experiments in which annual crops.éfe inter-
acting with tlmber trees arc conducted both by flLlL crcps spgc1allsts
and forcsters iﬁ.éoérdination. In the qame ny tqc agronomlc part of
- anlﬁal.fee51n§'ug1nq creps by-products, 15'6c51gnbl and conducted both
by ag;oncmists“and animal science specialists.

| ﬁxpefimegfal design and eomputér facilities are shared by the four
’ Programs andjtheif projéEEs.

Since farming systems vary along spééific transccts of charnging .
environmgngal-cohditiohs, it hés become widely accapted that féfmihé
sygtem rasoarch is site specific. Due to this apparenésspécifici£§,x
the extrapnlatlon of research findings ahould be approached conserva;.
tively. The understnndlng of how environmental condltlons modify the
"Tocations and the intensity of farming systems cperations provides usc-
ful information to design methodologics for adequate transfer of infor-
mation between two given arcas.

Classificationnéf physical envirohmenés is a‘usé?ul'tobl for the
design of such nnthoddlbgleq -CATIE, through a Central American Project
on Soil Fertility, is conducting research to identify soil analogs
based on several soil characteristics. At the present time approximatcely
30.000 sz of fhe coastnl parts of E1 Salvador, Nicaragua and Honduras
have been studied and suveral soil types of similar charactcfistics have
been idehtified. Bicclimatic as well as physiographic and topographic
paramete?éihave been used in this study.

Models'éhd the concept of gradients are alsc under consideration by

researchers in differcnt projects.



Tablae 1 Pcpulation and rate of population increase in Central
.1
Amer1ca~/
. Population (x 1000} - -+ Rate of population increasec
Country 1970 2000 1970-80 1980-90 - 1990-2000
{projected)
Costa Rica 1,872 3,695 2,80 2,57 2,24
El Salvador - 3,549 8,803 3,38 3,15 2,89
Guatemala 5,679 11,582 2,76 2,72 2,40
Honduras 2,897 6,881 3,40 3,29 3,20
Nicaragua - 1,878 4,812 3,80 3,19 2,70

l/ Source: Gencral $tudices Division, Dept. Econ. and Soc. Dev.,
Interamarican Development Bank. Report on demcgraphic
trends znd projections for Central America. Washington,
D.C. 1977.



“2G

Table 2a. Total farm area and distribution in strata, 1270

Total Fam Farm areca Distribution

Country arca;/ less than 4 ha ' 4-35 ha mere than 35 ha
Guatemala 3,752 . - 463 ~ 803 2,486 _
El salvador 1,646 .. 223 362 1,061
Honduras 2,462 7 154 824 1,484

- NicHragua:i 3,938 . . . . 65 S os1g 3,360

o Costa Rica - 2,743 T 4T ag T iiigag 2,252
" ‘Central America 42,311 953 2,932 10,657
~ Table 2b. . Extend and yield of crops in farms of different sizes . oo
- FARM SIZE
Crops Total arcal/ less than 4 ha 4--35 ha more than 35 ha
I e ‘ i e =28
area av.vield®”  aArea Av.vield Area Av.Yield

Maize 1,526 397 720 815 1,070 314 1,670
sorghum ' 259 78 680 138 1,320 42 1,960
rice 134 724 1,360 45 1,840 14 2,340
wheat - ©30 A 0.97 17440 e 1,180 M0 910
beans - 1306 137 ss0 167 710 65 720
cassava 15 3 3,660 8 5,470 3 5,840
potato 10 2 2,000 6 5,920 2 9,470

/ = thousands of ha; 2/ = kg/ha

Source: SIECA. Perspectivas para el desarrollo y la integracidn de la
agricultura en Centro América. Two volumes, Guatemala
1974.



Table 3 R
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ural population and total agricultural income by socio-

economic strata {1970)

Size of the farm

less than 4 h=a 4 ~ 35 ha more--than 35 ha

N°people Total Income N°people Total Income N°people Total Income

America

Country '~ " (x 1000) ° (millichs) P 1000) (million$) (x, 1000} (million$)
Guatemala 3,044 107 515 67 96 124
El Salvador 1,844 61 235 75 57 120
Honduras 1,219 49™ 555 73 93 87
tlicaragua 697 70 305 42 21 - 53
Costa Rica 836 84 225 58 130 165
7,764 3N 1,835 315 587 . 559

\SQurcez SI

-PITO-846-78
RAM/sc.

ECii. Perspectivas para el-desarrollo y la integracidn de 1la
agricultura cn Centro América. Two volumes, Guatemala
1974. e





