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qm,. aIntmal waricultural disciplines have eovd by dividing the 

maller units. Same of .thseaVIculturaL proauction process into smaller and 

divisions are structural* such Ms the sparation Of plansadada5 hl 

others, such as the difference 'etbeen the dIscIplinA of physiolowY and 

ecoMMic,, are Mad oc functional characteristics. Uen multitisiplioSry 

teas wre formed to study a unit that enospaises structural and functionsal 

components and pr cesem that have traOMLtcnLy been assigned to diffmrnt 

hinered by the lack of ajr*p4tatm is 


- n optual frnm.k
 
disciplines . af the te ofte 

A. omoeptual frammork mat be oe than a set -of sfWtIms agreed 

ifi- frnwwmrk should1.fucionsanvpm bV a multi-disciplilaiy tern. 

Integrative tool that allows all tern ambers to understand the tlt@iS 

between d4-,4'n1ina- am wall an the relationshiP bstwmmn ecific Gieohlo mw 

ipd the larger unit that is the subJect of study. 

tbe decision to fora a malti-ftoipliUV7ta m often occurs aMter 

it has been demostrated. that different disciplines workig seParatly have 

This has occurred in trupical agiul'bmeen sc successful than expected. 

tural research and eavelopment pnrarms.' aesearch scienatists hae rzoi8l7 

recognized the necessity of working with units larger then'the LindAiee 

with specific propesees such as economic. transactias As a result. armp om 

ororiug - m.mA *mm4ieS utidsilnr tom=s are being faiMed 

* Pb 0. 1~si cRM , fturialbar Costa Rica.Proetio Agoamist. 



in rAnv trobical aarioultural research institutions. The conceptual frame

iwmks used by existing teams have usua11, developed by an evolutionary process 

am the team. attemts to conceptualize the unit bei.ngstudied and integrat# 

,different disciplines. 

purpose of this paper is to aescribe a general agriculturalTha..primary 

system. conceptual framework that can prve as a startxng point for a mlti

disciplinary. team. -A conceptual framework is a model,' and like any model# 

represents . simplification of reality. •Siplification involves assumptions, 

wbi a in effect are hypotheses .as to the structure and function of the unit 

..ae The validity of those assumptioin and the potential ef the.suy. 

conceptual framework can best be evaluated by applying the nodel to reality 

the result.. In this.paper I describe an ecological systas
.a, analysing 

OoRept Up.a;" ane.k said apply this podel t. the reality of the agricultural 

pro n.tiaprocess .f Central rioan pall farn19, 

The cological- !n -a lij 

A system is. an aragMont.,C; of cqonents tbae <unction as a unit. 

Pologica. and physical systas are open systems, i.e., they interact with 

their environments, processin. ir4put to produce outputs. The systems approach 

was pioneered in biology by Omuts with his introduction of the concept of 

:*.o;tAu in .1926 .(Becht, 1974). . Ir.the .early 1930's, von Bertalanffy (19W1 

fogmlated what -he: defined as a General .Systems Theory.
 

The systems approach has been applied to all biological disciplines,
 

but is probably most associated with ecology. In 1935 Tansley proposed the 

taxin 3ioostm (Waui, 1956. The asnoept has been developed by many others, 
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such an in the classic papers on trophic levels by Lindeman (1942) and energy 

flow through ecosystem by H.T. Odum (1957). Development of the ecosystem 

concept into a larger ecological systems concept is probably most as Ciated 

with E.P. Odum (1971) and his Fundamentals of Ecology text wnd the enwgy 

circuit approach of H.T. Odum (1971). 

,E.P. Odum defines an ecosystem as "any unit that includes all the 

organisms in a given area interacting with the physical environment so that 

a flow of energy leads to clearly defined trophic structure, biotic diversity# 

and material cycles within the systma". The flow of energy and cycling of 

materials associated with ecosystems can be found in other ecological systems 

both larger and smaller than ecosystems. In systems terminology, ocosystms 

are Subsystems of other systems as well as coamoned of subsystems. The 

conceptual frmew6rk of ecology is based on the aiswiption that there exists 

a series of hierarchically Interacting systems frc"the universe to the 

smallest subatomic particle. 

Ecological studios are usually applied to only one or two levels of 

the universe-to-subatomic particle hierarchy. Ecosystems, comzunities, and 

populations are probably the most comon units studied in ecology. Iach 

.hierarchical level is conceptualized as a systemncomposed of a set of 

subsystems. Interaction between two subsystems of the barnS syistf can be 

defined as horizontal system integration. Horizontal syste interaction a 

be sperimposed upon the vrtical systm interaction implied by the univers 

.to-subatoic hierarchy. This vertical and horizontal ecological systess 

mdel can also be applied to the agricultural production process. 
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. tqearohical agricultural systems 

if. the hierarchical ecological systems conceptual frmwrk is. .pled 

to an agricultural production prooess, a set of hierarchically related 

agric tural sysemns emerge (Fig. 1). As in the case -of the ecological 

systems frmework, agricultural systems exhibit not only vertical hierarchical 

systqm intoraction, but also horizontal system interaction. Z-1ch hierarchical 

level is a functioning set of sabsystems with the outputs of sme subsystems 

acting as inputs, to others. While it in possible to describe a global level
 

agricultural systm, from the point of view of agricultural esmearh..n
 

develoment, the geographic region is probably the largest unit oi intaest.
 

A regional agricultural system includes all the frps in-the geographc 

regionA the marketing, credit.and information uentersi and the Infra-strftore 

that ties.thea regi nal subsystems together. A vegion.can be analis.d as 

,a system ...with' materials, energy, money,. and infoqtionf.lowing into and 

out of the region and between subsystems within the region. .From an agrical 

turW research point of view.the farms within the region are the moat 

innertqnt anbavatsms and form the next lower hieor-archical level u the 

,region. 

A faro is also a system made up of subsystems. A farm systemcan be 

vlmmd conceptually as a set of. spatially definable areas In which either 

-.cropq, animal or both are produced, and a homestead area where the fam 

bouse is' located. The crop or animal. production areas for units, analogous 

t, tohe e.csyetm unit ,in ecology, and can be defined as. agmoecosystem5. the 

farm house area in which the farm fmily in fed, vadclothed and the sconomic 

cartransactions and management decisions that occur on a farm be combined 
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The socio-econamicto form a socio-econcoic subsystem of the farm system. 


subsystem and the agroecosystems interact to form a farm system. If 

agricultural research is of primary concern the agroecosystems of a 
fam, 

are the most loical hext-lower hierarchical level to be analyzed
system 

in more detail.
 

U inkn agroecosystem is also a system made up of uunsysemhze 

pomposed of a biotic community of plants,.case of natural ecosystems, It is 

animals and micro-organisms and the physical environment in which the 

Energy flows between trophic levels and materials are
ocetunity functions. 

a natuxal ecosystem in that at least
cycled. An agroecosystem differs from 

one plant or animal population Is of agricultural value and that man plays 

insects and micro-ongian Important management role. Soil, crops, weeds, 

of crop-dominated agroeoosystafs. In w
Ims can be defined as subsystems 


soili, pasture, weeds, inse taj

O .ticated animal-dominatea agroecosystes, 


subrytms that.
mitcro-organisms, and dowsticated animals make 'up te 

function as a unit in the agroecosystem. Agronomc research bas been dons 

have r ved 
on all of these subsystems, but crop systems and animal systom 


,the most attention.
 

A crop bystem is an arrangement of crop populations that process, eme'gy 

(solar radiation) and material inputs (soil nutrients, water) to produce 

outputs, (crop yield). The crop population can be arranged both spatially 

When more thanlplanttig distances) and chronologically (date of planting). 


the resulting assemblage

:one crop species are combined in space and time, 

The individual crop species are subsystems of 
can be exceedingly complex. 

the crop systemand make up the next hierarchical level under the crop syqte". 
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The individual crops can also be subdivided into hierarchically lower sub

systems as physiological processes. In agronomy considerable attention has 

been given to this hierarchical level with the recent emphasis on the study
 

of crop architecture and crop genetic systems as part of crop breeding 

programs. 

A domesticated animal system is an arrangement of animal populations, 

that processes enerqy and material inputs (pasture, feed supplements, etc.) 

to produce outputs (meat, or animal products). An animal system is on the 

same hierarchical level as a crop system. Animal populations mado up of 

individual animals composed of interrelated physiological systems form. the 

next-lower hierarchical level. 

In applying the agricultural systems conceptual framework to a specific 

case, it is not always necessary or practical to use the entire hierarchy. 

Emphasis can be placed at one level, as for exampla-in the case of a cropping 

systems project. In principal, however, it will always be necessary to 

study at least three levels: the unit of interest, and the next higher and 

next lover levels. The next higher system must be studied in order to 

measure the inputs into the system, and the next lower level must be. studied 

in order to understand how the system functions. in the cast of a cropping 

systes project, activities will need to be applied to the agroecosystam, 

crop system, and crop levels. A farming system project must study regions. 

farm systems and agroecosystems. 

The first step in either a region, farm, agroecosystem, crop or animal 

syptm study is the construction of a qualitative mudel of the unit under 

oasideratton. In the context of this framework, model building involves 
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identifying the inputs and outputs of the system of interest, the subsystems
 

of the system, and the circuitry conecting these subsystems. The next step
 

is to begin to quantify the relationships hypothesized in the qualitative'
 

model, and to construct a quantitative model of the system. The precision
 

required depends upon how the model will be used.
 

multi-disciplinary
The qualitative models that would be developed by a 


team if the hierarchical agricultural systems model were used, would vary'with
 

the ecological and socio-economic conditions of a specific r.gion, Ifarm,
 

However, these systems have generalagroecosystem, or crop or animal system. 


inherent characteristics that make it possible to outline general qualitative
 

models for each level of the hierarchy. I have assumed that these viodels
 

would be used for research and development purposes.
 

Regional Development
 

The major binput
Figure 2 is a qualitative model of a regibnal system. 


ana outputs into a region can be classified into energy, materials, money,
 

and information. The first step in any regional study would be to identify
 

these inputs and outputs. Energy: materials, money and information also
 

flow betwean the subsystem of a region. In the model, agricultural subsystems
 

of a region are defined as market, credit and information centers, and the
 

a specific regional
different types of farm systems within the region. In 


development study these farms systems would be identified and classified.
 

This same information would, of course, also be necessary for a farm system
 

study, since the first step in a farm system study would be the selection
 

of a specific farm system type, and the region would have to be studied in 
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Figure 2. Flow of money, materials, energy and information through a geographic region. 



evrAa- 1-n dintifv the inputs and'outputs into the farm system. 

Farm System Rzesearch
 

: 4 ,-,'1 4--,, mf~3~1~ of a -farm sy.tem. The farm IS lv:LOeU. 

into a sooio-economic subsystem and agroccesystems. TMe Inputs aria ouLpu

into a farm system can ialso be classified into energy., materials, money
 

The inputs and outputs into the agroecosystems of ttje farm

and information. 


system can be grouped into information, energy, and materiais categoxaub.
 

TnfnrrnAtion enters an acircecosystem in the sense that. human, animali or machine
 

energy enters an agroecosystem as part ox a managumu1uti V.La,. Farm system 

Ivrglrrch epfuireG not only the construction of a qualitative model describing 

these relationships, but also a quantitratve mouel where real numoers 
are 

outputs and- the f loWs between the+-n4,Ae4- farm Avrtem insuts and 

primary onjective oz i-tu, -y.-VU.subsystems of the farm. The 

be to use the model to identify possible modifications of an existing farm 

system or to design a new farm system. The constraints upon this design 

" 
labor availability, nutrition rfqUiirements of the family, er.c.t. oeasq. such as 

wnIuld he determined before the generation of a new farm systems oegins. ' The 

voni4nal system and the socio-economic Subsystem. of the farm %wuldbe studi;. 

p4ntiv .nnio-economiic restraint. and the agroecosystems would be studied to 

identify the physical and biological constraints. 

agroecosystem Research
 

In the diagram,
A 46 rfl.naliF.*ivp Tnodet of a crop agroecosystem. 

Ahysical and biological sources of inputs such as solar radiation, crop 
seed
 

-il m -n$h left sides aqricuIturalherbivores, etc, are shown entering the sy 

Bet A a abl •Document
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chemicals such as fertilizer, herbicide, etc. enter from the bottom; and human,
 

animal, and machine energy enter from the top as determined by an agroecosystem
 

management plan. The agroecosystem is an extremely important research unit,
 

While the performprimarily because it is the unit that the farmer manages. 


ance of the crop system within the agroecosystem is the key to agricultural
 

production, this performance is regulated by managing the agroecosystem. The
 

Agroecosystem Management Plan is a convenient information package for transfer

ing alternative technology to a farmer.
 

The subsystems of crop agroecosystems are soil, weed, herbivore, micro

organism, and crop systems. Water and nutrients are outputs of the soil
 

system and, along with soldr radiation form potential inputs that are competed
 

for by crops and weeds. Crops and weeds process these inputs to produc
 

biomass that is an input to herbivores and micro-organisms that ir turn
 

recycle nutrients to the soil subsystem for subsequent uptake by crops and
 

weeds. As in any ecosystem, the cycling of materiales is powered by a flow
 

of energy through the system. From an agronomic perspective the output of
 

economic crop biomass (yield) is the most important output from the system.
 

Agroecosystem research has the ultimate objective of modifying either
 

the management of the agroecosystem, the crop system, or both. Research with
 

this objective will require experiments with analytical objectives in order
 

to understand how the system functions (build qualitative and sometimes
 

as well as experiments comparing potential modifications
quantitative models), 


with ex4-nr. AarnennAvstams in anecific areas,
 

Figure 5 ii a. qualitative model of an animal agroecusystem. Ecologically,
 

animal agroecosystems and crop agroecosystems are very similar. In animal
 

agroecosystems, natural herbivores are replaced by domesticated animals and
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pasture is substituted for natural plants, while in a crop agroecosystem only
 

the natural plants are replaced. This substitution is not 100% effective and
 

weeds and natural herbivores are still part of agroecosystems. Animal and
 

crop agroecosystems are sufficiently similar so that the same methodology 

suggested for crop agroecosystems canbe followed with animal agroecosyste"s. 

can be improved by modifying the management and inputsAnimal agroecosystems 


into the agroecosystem or modifying the animal subsystem.
 

Crop System and Animal System Research
 

Figure 6 is a qualitative model of a crop system and an animal systam.
 

Crop or animal system research need not always be done while the systems
 

function as subsystems of an agroecosystem, but research at the agroecosystm 

level will definitely be necessary to define the crop or animal system
 

properties that can be studied in isolation. 

A crop system can be modirlect py onanging rne wpxm& azeangemlet 

between crop populations (planting distances), the 6hrcnological arrangment
 

of the crop populations (time of planting), or the crop components (either 

variety or species) of the system, or any combination of these modifications. 
P 

One crop can be subst.
4 tuted for another (substitution),crop species can be 

added (diVersification), populations of existing crops increased (intensifiem 

tion), or substitution, diversification, and intensification can be combined. 

In the crop system diagram (Figure 6), crop populations (1,2,.N) are 

arranged within a space x time dimension. This crop arrangement forms a 

Ideal cropping patpattern, and is :sometimes defined as a cropping pattern. 

tern are determined by input, functions (e.g. rainfall distribution) and Cie 

available crop components. If these input functions and available genetic 
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matirial remain constant for a sufficient length of time, farmers usually 

evolve cropping patterns that are in equilibrium with these constraints.
 

Wiless new varieties of crops or new inputs are made available it is highly 

unlikely that a better cropping pattern can be found than the pattern already
 

evolved by farmers.
 

Crop'system research can have short-term objectives iuch as the identi

figation of better crop systems through a trial and error approach of 

€oparing potential systems with the farmers system, or long-term objectives 

such as the identification of crop svtem design principals and an under

standing of how crop systems function. The long term objectives are, of course 

only long term in the sense that the period of time before the first practical 

recomendation is available will be quite long; ultimately, an understanng 

of hoW the systemfunctions is the fastest way to produce viable recomenda-

Animal systems are spatial and cronological arrangements of animal 

populations. The animal populatiom in an animal system are usually different 

age and sex classes of the same species, although in some cases different 

species, such as pigs and chickens, occupy the same space and compete for 

alme of the sam resources. In the animal system diagram (Figure 6) the 

ipace dimension is divided into N subareas. Some animal populations are 

rotated betteen subareas;others are confined in one area. All animal popula

io6 intiract in either space or time with at least one other populati 

The atangement of animal populations form a pattern analogous to the 

cropping 'pattern of a crop system. 

An.animal system can be modified by changing the spatial or chronological
 



arrangement of the animal population, the animal components of the System, 

or both. The animal populations can change through substitution, diversifica

tion, intensification, or combinations of these modifications.
 

The agricultural systems framework as a team integrator
 

Traditional agricultural disciplines can be. divided into horizontal one

level disciplines and vertical disciplines,that -ross hierarchiqal levels.
 

Examples of the former are crop genetics, soil fertility and entomology. 

Economics and ecology are examples of vertical disciplines. .Economics con

centrates primarily on vertical relationships such as the chain from the farm
 

to the market to the consumers, while ecology encompasses both vertical and 

horizontal systems relationships. 

A multidisciplinary team should include both vertical and horizontal 

disciplines. If the entire agricultural system hieralhy from a region to. 

the crop or animal level is under study, integration of the regional and far 

systems study can probably best be done by an economist, as almost all flows 

of energy and materials between these levels are associated with a flow of 

money. Farm system to crop or animal integration should be done by an ecolo
e 

gist since the interaction of physical and biological factors dominate these
 

systems. Horizontal-discipline. scientists should be assigned responsibilities 

within hierarchical levels. If the methodology of first building qualitative 

models and then proceeding to quantify relationships is followed, all disci

plines should concur that the qualitative model represents a first approxima

tion of reality. Different disciplines can then be assigned the responsi

bility of quantifying different qualitative relationships, 

The agricultural systems hierarchical conceptual model described in this 
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paper is only a preliminary framework for a multidisciplinary team. As 

relationships between systems are better understood the conceptual framework
 

will need to be modified to reflect the characteristics of the phenomenon 

under study. 
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