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AN ECOLOGICAL SYSTEMS CONCEPTUAL PRANEWORK
Robert D. l&tﬁ

wraditional aasricultural disciplines have evolved by dividing the
micuuunl production process into smaller and smaller units. Some of these
dtvhion- are ltmtnul. such 2s the separation of plants and animals, vhu.o
others, moh as the difference between the Aisciplines of phyeiology and
mlc'. are based on ‘functional characturistics. When mltidhctpnury
ulnl are !omd to endy & unit that enocowpesses structural and functional
’mu and mcouu thnt have traditmny bun assigned to ditfarent
disciplines, 1r-tmat1nn of the tesm is often hindered by the lack of a
common conoeptual framework.

Wul!rmkmuhmwmautdatmww

upon hy a mu-aucspnm temm. '!ho !:-uo:k choud !muon as an”
luuquun tool that unm all tm -nbul to nahuund ‘the rélationmhip
between dianinlinas. as wall as the relationshiy bstween specific duotpluu
and the larger unit that is f.bo subject of study.

!he dneh:lon to form a mlti-duc:lpuury team often oocun atter
it has boon d-onttuud that d:l.!!mnt disoiplines working nplnwly hm
;Ahun lou mcconlnl than expected. " his has cocurred in emiul qﬂc\n- ,
tunl nna:ch and dmlomt Ml'.l.. umrch uhnum have recently
noow:tud thc moonity o! munq with nn:l.u larger than the individual
'orop or \d.th mciuc p:oonna mh as economic. transactions. As a result,

’m .,..... and c...c... ‘awatam -ulu-ducmm ‘tessis are being formed

‘6 Phi'D:, Production Bystems Mgronomist, CATIE; Turrialta, Costa Ricd.



in ranv trobical agricultural research institutions. The conceptual frame-
works used by existing teams have usually developed by an evolutionary process
as the team attempts to conceptualize the unit being ,'otodj.ed and integrate
-diffexent disciplines.

The primary. purpose of this paper is to aescribe a general agricultural
systems conceptual framswork that can sexve as a oturt:.nq point for o mlti-
.disciplinary team. A conceptual trnovork is a aodol. and luco any aodol,
represents a simplification of roal:lty. Sippnﬂcotion involvoo nlwtionm
wvhich in effect are hypothnon as to the: otructuro md function o!.' tho uu:lt
undex. study. 'l'ho validity of these assumptions and tho potont:lal cf tho
oonooptul framework can best be evaluated by apply:lng the model to muty
-and, mlyst.ng the ruulto. In this paper I dncrun an oco].ogical oyotal
congeptual : tnuwork and omly this model -to tho rul:lty of tho oqtioultunl

production process of mt:ll Aperican small ;famto,”

The acological systems model
A system ig. an ornng-ont of oo-ponontn that\function as a unl.t. .

piological and physical systems are open systems, i.e., thoy 1ntoroct vl.th
their environments, p:ocouim inputs to produco outputl. . 'nn oyltul mlch
was p:l.omom in biology by Smuts v:l.th h:lo introduction of tho ooncopt of
:Bojism  in 1926 (Becht, 1974) . = In.the early 1930'., von Bertalanffy (1950!
formylated what he defined as a Ganeral Systems Theory.

The . oy-tou apprcach has baen lppuod to all M.oloq:l.cal di.oc:lpnnu.
but is probably most uoochtod with ecology. In 1935 Tansley proposed the

touloooyot-(lvm 19%6) . Ihoomopthuhoondmlopodbyunyothon,



such as in the classic papers on trophic levels by Lindeman (1942) and energy
flow through ecosystems by H.T. Odum (1957). Development of the scosystem
concept into a larger ecological systems coricept is probably most aséociated
with E.P. Odum (1971) and his Fundamentals of !cologf text d the enexgy

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

‘B.P. Odum defines an ecosystem as "any unit that includes all the
oxganisms in a given arsa interacting with the physical environment so that
a flow of energy leads to clearly defined trophic structure, biotic diversity,
‘and macerial cycles within the system”. 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 terminclogy, ecosystems
‘are subsystema of other systems as well as composed of subsystems. The
conceptual framework of ecology is based on the assumption that theré exists
‘a series of hierarchically interacting systems froin the universe to ‘the
.amallest subatomic particle.

Ecological studies are usually api:l:l.ed to only one or two levels of
ghe universc-to-subatomic particle hierarchy. Ecosystems, communities, and
Sopulations are probably the most common units ltudiodl in ecology. Each
~-h10.u:ohioal level is conceptualized as a system composed of a set of
subsystems. Intaraction between two subsystems of the same syastem can be
defined as horizontal system integration. Horirzontal systes interaction ca
‘be" superimposed upon the vartical systom interaction implied by the univers
-to-subitomic hierarchy. This vertical and horizontal ecological systexs

"-odol' can ahd be applied to the agricultural production process.



,,!&gmbical aggl jcultural systems
. If the hierarchical ecological sysiems conceptual framswork is applied

to an agricultural production process, a set of hierarchically related
agrionltural systens emarge (Fig. 1)... As in the case-of the ecological
systems framework, agricultural systems exhibit not only vext:lcaldhi.g:,a.rchiea‘l
system intsraction, but slso horirontal system interaction. Each hierarchical
level is a functioning set of subsystems with the outputs of some subsystems
acting as inputs to others. While it is possible to describe a global level
agricultural system, from the point of view of agricultural xesearch. snd
development, the geographic region is probably the largest unit of interest.

A regional agricultural system includes all the farms in-the gepgraphic -
region; the marketing, credit. and information centers; and the mttrgu:vmo
.that ties these regional subsystems together. A qogion-,can be analized as
.a system . with’ ;ito:ial;. energy, money and 1:\!9:"&1:10:; £flowing into and
out of the region and between subsystems within ihe region. Prom an agricul-
tura) resserch point of view the farms within the rogion are the most
imnortant anhsvatams and form the next lower hierarcaical lml:w',m
. xegion.

A fam is also a system made up of subsystems. 5 farm system.can be
viewed. conceptually as a set of spatially defirable areas in vhich oither
.crops, -animal or both are.produced, and a homestead area where the farm
:house. is' located. The crop or animal production areas form unita, analogous
_to the ecosystem unit in ecology, and can be defined as.sgroecosystems. The
farm house area in which the farm family is fed and.clothed and the sconomic

trnmtion- and management decisions that ocour on a farm can be combined
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‘to form a socio-econcmic subsystem of the farm system. The socio-economic
| subsystem and the agro;co-yltus. interact to form a farm system. If
nqri.éultural research is of primary concern the agroooo.oyltm of a form,
system are the most logical hext-lower hierarchical level to be analyzed
in more detail.

An agroecosystem is also a system made Up Of SUDSYSTERY. AS in tue
case of natural ecosystems, it is panposcd of a biotic comunity o! phntl.
anlull und micro~organioms and the physical anviromont in vhich the
oa.unity !unctiono. xnergy tlown between trophic lmls and materials are
cyclcd. An agroeooaylm d:l.!ferl from a natural ecosy.tu :l.n that at lout
one plant or animal population is of agricultural value and that man plays
. an imor‘-..ant mar.aqmnt rola. Soil, crops, weeds, insects and ucm-oxq‘-
ilu can be defined as subsystems of crop-donimtod aqrooconylt-l In d..
&mnticatcd anhul-douinat.d agroecosyste-, -oila. pnturc. weads,: innm. :
nic:o-omanim, and don-eaticatod aniuals ukc up the mblysf.m that.
tunct:lon as 2 unit in tho agroeconyntu. Agronmic ruurch bau bun dono
on all of these -ubsystm, but crop systems and animel lylwu have mlv.d
,the most attention.

A ¢rop sysm is an arrangement of crop popuhtions that pmocul onuvy
(lolar radiation) and matcrial inputs (soil nutrients, vatcr) to p:oducc
putputl, (crop yiqld) . The cmp popuhtion can be arrangod both mtmly
"ipl;ntiﬂb. disﬁﬁcu) and chronologically (date of planting). Whan more thln
. one crop species are combined in space and time, the resulting assesblage
_can be exceedingly conplu. | The individual crop spocien are -ubcylml of

thc’ crop system and make up ‘the next hierarchical level under the crop sy;ngq_.



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 energy and material inputs (pasture, feed supplements, ef.c.)
to produce outputs (meat, or animal products). An anj.mal gystem is on the
same hierarchical level as a crop system. Animal populations made up of
individual animals composed of interrelated physiological systems form. lthe
next-lower hierarchical level.

In applying the agricultural systems conceptual framework to a qpcol‘ific
case, it is not always necessary or practical to use the entire hierxarchy.
Emphasis can be placed at one level, as for oxanu:lh-;in the case of & croppling
systems project. In principal, however, :!.t will always be “neceut‘ury tov
atudy at least three levels: the unit of intereut:. a;td the next highex and
mt lowexr levels. The next highez system must be studied in oxder to
measure the inputs into the system, and the next lower level must be.atudied
j.n ordex to understand how the system functioqs. In the case of a cropp:lr.ng
systems projqct. activities will need to be applied to the agroecosystem,
crop system, and crop levels. A farming system project must study regions,
farm systems and agroecosystems.

The ﬂrstvatap in either a region, farm, agroecosystem, crop or animal
system study is the construction of a qualitative model of the unit under

oauidont:lon. In the context of this framework, model building involves



identifying the inputs and outputs of the system o£ ihteres£. the subsysféms
of the hyaéem, and the citcﬁitry‘COneétiﬁg‘theée éubsYStehsL The next step
ié to begin to quantify the relationships‘hyﬁothesized inytﬁe qualitative
model, and to construct a quantitative model of the system. The precision
required depends upon how the model will be used.

The qualitative models that would be developed by a multi-disciplinary
team if the hierarchical agricultural systems model were used, would vary with
the ecological and socio-economic condicions of a spgdifié rogion, farm,
agroecosystem, or crop or animal system. However, these systems hivé‘geheril
inherenf characteristics that make it possible to outline general qdnlifative
models for each level of the hierarchy. I have assumed that these’models'

would he used for research and development purposes.

Regional Development

Figure 2 is a qualitative model of a regional system. The major input
and outputs inﬁo a region can be‘classified into enéng, matatiéls."mohey,
and information. The firs£ step in any regional study would hé tb’ideﬂtify
f?ele inputs and outpuﬁs. Energy: materials. money and information also .
fiow betwean the subsystem of a region. In the model, agricultural iubsyhtenl
of a region are defined as market, credit and information centers, and the
different types of farm systems within the region. In a specific regional
development study these farms systems would be identified and classified.
‘This same iuformatidn would, of course, also be necessary for a fitm system
study, since the first step in a farm system study would be the selection

of a specific farm system type, and the regién would have to be studied in
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arder tno identifyv the inputs and outputs into the farm system.

Farm System Research

Biamewa 2 de a rmalitative model of a farm- gvstem.  The farm is diviaed
into a socio-econeomic subqystem and agroccnsystcms. Th8’1HPUtS anG outputs
into a farm system cantalso be classified into onergy, mafer;aln. monéy
and information. The inputs and outputs into tha agroecosystems of tﬂe farm
system can be grouped into lntormation, enexqy, and materials cacegar1es.
Tnfnrmatlon enters an aqroecosystem in the sense thaf human, animal, or machine
energy entexs an agtoecosystem as part O 3. MmanagemenT pidan. Parm system
rasaarch recuires not only the conatruction of ‘a qualitative model descrxbing
these relationships, but also a quantlcatlve mouul where Leal numvers are
meeimnad +a +he farm sustem inouts and outputs and’ the flows between the
subsystems of the farm. The pPriwmary ODJECTIVE OF FALU.BYSULTM &COSwsss mu

L

he to use the model to identify possxble modxfications of an exist1nq farm

¥
system or to design a new farm system. The ronqtraints upon thia design
rrocess. such as labor availdbzllty,nutrltion requirempnts of the fammly, enc.
would be determined before the generation of a new famm systems pegins. The
venianal avetem and the socio-economic subsystem of the farm would be studiew

+m identifv socio-economic restraints and the agroecosystems would Ke studied to.

identify the physical and biolagical constraints.

Agroecosystem Research
Pianva 2 i@ n mnalitative model of a crop aéréecosystem. In the diagram,
physical and biological sources of inputs such as golar radiation, crop seed

herbivores, etc, are shown entering the syatem on the left side; agricultural

‘Best Available 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 blan. The agroecosystem is an extremely important research unit,
primarily because it is the unit that the farmer manages. While the perform-
ance of the crop system within the agroecosystem is the key to agricultural
proauction, this performance is regulated by managing the agroecosystem. The
Agroecosystem Management Plan is a convenient information package for transfer-
ing'alternatlve technology to a farmer.

The subsystems of crop agroecosystems are soil, weed, herbivore, micro-
-quanism, and crop systems. Water and nutrients are outputs of the soil
éfstem and, along with solar radiation form potential inputs that are competed
for by crops and weeds. Crops and weeds process these inputs to produc
biomass that ié an input to herbivores and micro—orgqnisms that ir turn
recvcle nutrients to the soil subsystem for subsequént uptake by crops anﬁ
weeds. As in any ecosystem, the cycling of materiales is powered by a fldw
of energy through thé system. érom an agronomic pefapettive the output of
economic crop biomass (yield) is the most important output from the system.

Agroecosystem research has the ultimate okjective of modifying either
the management of the agroecosystem, the crop system, or both. Research with
this objective will require experiments with analytical ohjectives in order
to understand how the system functions (build qualitative and sometimes
quantitative models), as well as experinents comparing potential modifications
with existina aaraecnsvstema in specific areas.

Pigure 5 is a. qualitative model of an animal agroecusystem. Ecologically.
animal agroecoaystems and crop agroecosystems are very similar. In animal

aqroecoaystems, natural herbivores are replaced by domesticated animals amnd
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pnt:iu:e is substituted foi naturai plants, while in a crop agroecosystem only
the natural plants are replaced. This substitution is not 1008 effective and
"waeds and natural herbivores are atill part of agroecosystems. Animal and
crop agroecosystems are sufficiently similar so that the same methodology
suggest.ed for crop agroecosysterrs canbe followed with animal agroecosystm.
Animal agroecosystems can be improved by modifying the management and inputs

into the agroecosystem ox modifying the animal subsystem.

Crop System and Animal System Research

Figure 6 is a qualitative model of a crop system and an animl systom.

- Crop or animal system reanrch need not always be done while the systeﬁs
function as aubsyltema of un agroecosystem, but reuarch at the agroecosylt.
lml will definitely be necusuy to define the crop or aninl syctem
properties that can be studied in isolation.

A crop system can be modified by cnanging tne npauu ux:angemem:
between cx'op populations (planting distances) ' the chronoloqical arrmgqont
of the crop populations (time of planting) , O the crop coqponents (eith.:
varioty or species) of the system, or any coubination of these uodificltionl
One crop oan be subst? tuted for another (substitution), crop speciu can be
added (diVeuification), populations of existing crops incrnud (intanlitica
_t‘ion) , lubltitution. diversification, and intanlification oan be eowinod.

In the crop system diagram (!‘igure 6), crop pOpulltiOnl (1 2...N) are
"urangod within a. space x time dmension. 'rhis crop ananqenent forms a
,f\plttu'n. and is uontiues defined as a cropping pattem. Ideal cropping pat-
um are d-tonimd by input i’unctionn (e. g- rainfan di-tribution) lnd t:n

" -'a_vqinph cmp cqpoun_t:. 1f these input function- and available genetic
EEEY Y
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;Iltoriol remain oonataut for a au!ticient length of tino. fame:s usuoliy
‘evolve cropping patterns that are in equilibrium with those conotraints .
mlou new va:ietiel of crops ox new inputs are nade available it io highly
unlikoly that a bhetter cropping pattern can be found than the pattern already
evolved by farmers.

Crop lyntem research can have ahort-tom ohjectives 3uch as the idonti-
!ioation of better crop systems through a trial and error approach of
ocllpn‘ing potential systems with the fmers ayatem, or 1ong-tem objoctivol
guch as the identification of crop gystem design ptincipalo and an unde:— |
‘standing of how crop oyutems function, 'rhe 1ong term objectives are, of coum.
only long term in the sense that the period of tine before the !irot proctical
recommendation is available will be quite long; ultimately, an unde:ltand*nq
of how the sylton tunctiono io tho tutest vay to produce vioble recomonda-
tions.

Aninal lyltm are lpatial and orenological artangenonts ot aninnl
populationa. The animal populatiom :I.n an animal systen are uauauy diﬂ'oront
age and sex classes of the same species, althouah in som cases diftetont
"lrociel, ouch as pigs and chickens, occupy the same spaoe and capote for
‘sowe of the same resources. In the animl system diagrun (riano 6) tho
space dinension is divided into N nubateas.' Some aniul populltionl are
rotatod bot:voon subareas;othaxrs are confined in one area. ul aninl popuh-
"tiom intouot in either space or time with at .‘leut one other popuhti
The an'angount of aninal populations fom a patte:n analogous to tho
‘cropping pattern of a crop system.

An_animal system can be modified by changing the spatial or chronological
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arrangsmsnt of the animal population, the anima. components ‘of the system,
or,both. The animal populations can change throuqh substitution, diversifica-

tion, intensification, or combinations of these modifications.

Tne agricultural systems framework as a team integrator

Traditional agricultural disciplines can be divided into horizontal one-
'level disciplines and vertical disciplines that 4ross hiera:chiqalulevels.
Bxamples of the former are crop genetics, soil fertility and entomology.
‘Beenomics and ecologvy are examples of vertical disciplines. ,Economios’coné
centrates primarily on vertical,relationships such as the °h°§“'fr°mitneif§'m
to the market to the consumers, while ecology encompasses pothfverticalwanﬂ'
homizontal systems relationships.

A multidisciplinary team_should include both vertical and hosizontal
disciplines. If.the entire agricultural system hiemaréhy from a region to,
the crop or animal level is under study, integration of the regional and fan
systens 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 ot
money. Farm system to crop or animal_integration snould be done by an ecolo
9142 since the interaotion of physicaliand.biological factors dominate these
systems Horizontalrdiscipline scientists should be assigned responsibilities
within hierarchical levels. If the methodology of first building gualitatiyo
-odels anﬂ then proceeding‘to quantity relationships is followed, all disci~-
plinss should concur that tne qualitative model represents a fixst approxima-
tion of reality. Different disciplines can then be ~assigned the responsi-
ybility of quantifying ditferent qualitative relationships.

The agricultu:al systems hierarchical conceptual model described in this
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paper is only a preliminary framcwork for a multidisciplinary team. As
tclationl'hips 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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