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A SYSTEMS APPROACH TO

PEST CONTROL RESEARCH

Robert P. Jenkins*

WHY SYSTEMS ANALYSIS of objects and any object can be described by listing
its attributes."

Systems analysis would be a useful tool for certain
kinds of pesticide research, particularly that involving Within any system, many subsystems exist. All
decisions affecting the environment or the ecosystem. systems are subsystems of the next higher one. This is
A well-designed systems analysis would permit re- particularly obvious for pesticide research. The major
searchers and policymakers to learn more about the hierarchies of subsystems for studying pesticide
complete effects of their decisions relating to pesti- effects are discussed in the section which follows.
cides. It is doubtful whether any one person or group
of persons can mentally formulate all the complex A system is in equilibrium if in the absence of
effects of a pesticide on the environment, on external shock (environmental change) the system
optimum farm organization and practices, on human remains unchanged, or after external shocks are re-
welfare, and on the myriad of other interrelated ceived it returns to the position occupied before the
factors. shock.

It is being increasingly recognized that to evaluate USING SYSTEMS ANALYSIS IN RESEARCH
the effects of pesticides, a systems approach is neces-
sary. Referring to pesticides and animal wastes, "a How can one scientifically use systems analysis as
joint USDA-State Task Force reviewed current re- a pesticide research methodology? The first step is to
search programs, needs and opportunities in 1968-.. observe and delineate events in the system. The
. The task force clearly saw the need for systems second step is to build a model (hypothesis) describ-
analysis in solving pollution problems" (associated ing the relationships believed to exist in the system.
with pesticides) [1]. (Because systems analysis depends so heavily on com-

puter technology and is so integrally related to it, the
model usually is called an algorithm or an arithmetic-

SYSTEMS ANALYSIS CONCEPTS logic sequence of events.) The model should (1)
account for all known facts, and (2) help make

We will first discuss the concept of a system and predictions which can be tested by any unbiased
then the use of systems analysis in research. Some independent observer. The final step in using systems
promising levels of systems analysis relating to pesti- analysis is to evaluate the model (test the algorithm)
cides will be identified and, lastly, development of using real world data.
one of them initiated.

A process called simulation is one application of
The word "system" is at the heart of this discus- systems analysis which seems particularly appropriate

sion. When used in the framework of the research for pesticide research. Simulation is a means of
methodology commonly referred to as "systems modeling reality. To simulate means to duplicate the
analysis," it is defined [2] as "a set of objects behavior of the system or activity under study with-
together with relationships between the objects and out actually attaining reality itself. A model is
between their attributes." "Attributes are properties developed which-"can be manipulated to describe a
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dynamic process in a specified environment for which The Production System
formal mathematical analysis is an impractical and
inefficient way of getting answers" [3]. The model is A second level system, slightly lower than the
varied for testing and experimentation rather than the above, can be labeled a production system. Here the
real world. This is in contrast to ordinary scientific concern in the aggregate is about how food is to be
experiments where the real world circumstances (test produced, what crops and animals shall be produced,
plots) are varied. how shall the agricultural water and the soil be used

to most effectively conserve and benefit from them.
Simulation is appropriate for problems having Obviously this system is oriented more closely to the

three basic characteristics, all of which exist in the traditional USDA and Land Grant Agricultural Col-
problem of choosing an appropriate pesticide policy. lege spectra of concern than the ecological model
First of all, it works most efficiently with complex described above.
systems. Second, it is particularly useful where ran-
dom variables exist which are difficult to measure To use the production system in simulation, the
with any certainty. Third, it is useful where the problem of how agriculture should be organized to

relationships are not mathematically tractable. maximize satisfaction to consumers, and maximize
profits to producers must be considered. One pest

A great advantage of simulation models is flexi- related question is, what level of control is most
bility. They are not subject to rigid mathematical economical in the aggregate production scheme? This
constraints such as are required in linear program- model would be considerably simpler than the eco-
ming. Although they are not usually optimizing logical model. However, the question of overall en-
models, they can show the path toward the optimum vironmental pollution might not be considered fully.

by appropriate variation and testing of the parameters
of the model. The Enterprise System

Coming down the systems ladder a third type
PESTICIDE RESEARCH SYSTEMS might be an enterprise system where the amounts of

available machinery, labor, pesticides, etc. on an
There are at least five different levels at which a individual farm would be studied to insure their most

model for analysis of a pesticide research system can effective use in producing any given crop, livestock,
be developed. They have been given the following or other enterprise on a particular farm. The ques-
designations beginning with the highest level and tions would concern the enterprises that an individual
proceeding to the lowest: (1) The Ecological System, farmer should produce and how he should produce
(2) The Production System, (3) The Enterprise Sys- them. Linear programming and simpler methods such
tem, (4) The Pest Control System, and (5) The as budgeting may be more appropriate than simula-
Chemical Control System. tion models for some problems at this level.

The Ecological System The Pest Control System

The highest order of these systems is an ecological An even lower level systems analysis might analyze

system. A study of this system would involve such pest control systems. Here the choice would be

matters as the relationship between plants using between alternative control measures available to the

carbon dioxide and giving off oxygen with animals individual producer, such as manual control, chemical

using oxygen and giving off CO2. It would involve control, rotation of crops, biological control, spacing

both farm and nonfarm variables and would be con- of plants, date of planting, production of resistant

cerned with the balance of nature, the food chain, varieties and others. This seems to conform closest to

oxygen levels in water, the relationship of green space a system of "integrated weed control" now espoused

to the total land area, the health of the peregrine by biological scientists. These decisions could pos-

falcon and other such environmental variables. sibly be made more efficiently by simpler models

Obviously, this system, while by far the most com- than simulation, although many complex, interrelated

plex, represents the ultimate way to analyze the pesti- variables still must be considered even at this relative-

cide problem. ly simple level.

The only disadvantage of a simulation model at The Chemical Control System

this level would be the extremely large input of time
and effort required to make it operational. The The lowest level of systems analysis which seems

ecosystem is so complex that millions of interrelated useful could be called chemical pest control. The

decisions would have to be considered. major components of this system are simply a set of
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chemicals and devices to apply them. The only basic showing the nature and direction of activities and
questions here are what chemicals should or can be relationships. As a beginning, six of the basic inter-
used, how should they be applied, and under what connected subsystems composing the ecological
circumstances. In the past some recommendations to system are outlined in Figure 1. They have been
farmers have been made at this level. entitled: Agriculture, Government, Environment,

Human, Commercial and the World. The relationship
Obviously simulation is not the most effective of these subsystems to each other depends on one's

technique to use at this level since a well-trained point of view. Viewed from the standpoint of agricul-
scientist often can mentally solve this system more ture (Figure 2), the major component is the agricul-
accurately and quickly than a computer. tural sector with the other subsystems of less

significance. The other subsystems are dependent on
Many people would object to this system as agriculture. Therefore the needs of agriculture must

unrealistic. But, is it? Given the current minimum receive top priority from this viewpoint with other
restraints placed by society on pesticide use, and the subsystems being subordinated to the needs of agri-
current levels of pesticide prices, chemical alternatives culture.
are nearly always the most profitable. Then why
should farmers and extension specialists use or recom- GRICULTURE NIN
mend nonchemical alternatives if their only con- USERS OF PESTI- uoU

SEDS. SUPPLIERS RESSCIPIENT OFstraint is production of food and fiber at the lowest o FOOD AND ER. RECIPIENT 
EMPLOYERS OF OTHER OPEST ICIDESpossible cost? Individual farmers should not be ex- SYSTEMS. PRODUCTSSRR S. TSP
SUPPORT OTHER FOR OTHER SYSTEMS

pected to exercise the social conscience of total SYSTEMS.

society. Society must define its goals more clearly Y
and cause pesticides to be used in a way that will help 
advance those goals. GOERNMENT 

DEVELOP, REGISTER, / APPLY, HANDLE,

Developing the Ecological Model SUGGES PESTI- T \ LCONSUME PESTES.
CIDES. PROVIDE ESTCIE LABOR SUPPLY.
RULES OF GAME. POLCY BUY PRODUCTION.
PROTECT AND SUP- / SUPPORT OTHER

Several levels of systems usable for evaluating PORT OTHER SYSTEMS. SYSTEMS.

pesticide policy have been outlined in the preceding \/ 
section. Obviously there are economic, social, legal,
and technological decisions which must be made at COMMERCIAL WORLD

AFFECTS NATIONAL
each system level. The answers become more complex DEVELOP, TEST, PIC. SOCE OF

SUPPLY, PESTICIDES; GOODS. BUYERS OF

as one moves toward the higher systems. But, they SUMPLEMENTARY; AD PRODUCTION, SUPPLY,
COMPETITIVE PRO- SOME PESTICIDES.

also become more relevant to the total society. DT MAKES HIGH COST
OTHER SYSTEMS. PRODUCTION UNAT-

TRACTIVE.

Proceeding to the development of a model for this
ecological system, one judges that the basic purpose FIGURE 1. SUBSYSTEMS INVOLVED IN A SIMU-
and goal of a national pesticide policy would be to LATION APPROACH TO PESTICIDE
maximize net social welfare or equivalently to find a POLICY
basic pesticide policy that will be the best for all
people. Obviously the best efforts of entomologists,
weed scientists, horticulturalists, agronomists, econo-
mists, ecologists, medical personnel, and others will\ 
be required to develop a system to implement this 
policy. a \ ^ AGRICULTURE

Ideally, a system should be developed which / 
would permit anyone concerned with pesticides to
test any policy or pesticide recommendation to see \ Go
what its effects would be on environment, on human I
health, on farm income, and on net social welfare as \ H
the policy or recommendation is carried out through , " \ /
time.

The first major step in simulating an ecological
system, assuming a problem has been identified (e.g.
possible adverse pesticide effects on the environ- FIGURE 2. SCHEMATIC DIAGRAM OF THE ECO-
ment), is to determine the nature of subsystems LOGICAL MODEL VIEWED FROM AN
involved in the system and- to develop flow charts AGRICULTURAL VANTAGE POINT
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The ecologist sees things differently. Viewed from
his vantage point, Figure 3 shows a logical perspec- \T VPRo a / L \.TOA
tive. From this position, the environment appears to A \" \ J / \'/ °
be the major component with the other subsystems '
largely dependent on the correct functioning of the \" ITIIL , ERCS 0 E -OTT IO/N

environment. This implies that it must receive first To 

consideration, often at the expense of the other sub- 
systems.

Which of these two viewpoints one holds largely \ )
determines his position on the current controversy 
about pesticides. It may carry over into differences \ /A
between government agencies or even college depart- \ PE 
ments as a reflection of their differing missions. \ \/ 

The agricultural subsector has been lifted out and
a preliminary flow chart developed which shows the \ tO P

direction of the relationships within this one sub-
system (Figure 4). This model would be much sim- \ P FM C IOVER PRODUCTO 

plified if the amount and location of production RAOEN DUC S PEROD ITI S| EI

could be treated as parameters exogenous to the ROP PRIC
model. PIR _ T m

VALUE

Each of the pesticide use decisions requires C...OO 

branching to a pesticides subroutine shown in Figure 
5. This figure shows in detail, but with considerable
condensing, the subroutine required simply to simu-
late the farmer's economic decision as to whether a FIGURE 4. AGRICULTURE SUBSYSTEM
pesticide should be used (disregarding other con-
siderations).

An optional test for Federal pesticide registration
is shown in Figure 5. This test could be suppressed for
pesticide development work. But for many policy
decisions it is one of the most important considera-
tions, since it is the Government's primary means ofION IN PERII " NO

regulating pesticide use. I

Am P(X""\ RIA. RIIT-
C — CE POOLEMbS NIIl T1 o

E RN N VNATURAL ENVIRONMENT . ETI EREI

146r QCIP ~~ T~~~~~ = ipECIlFEE LEVEL OF COTNOL 

V - VALUE OF CROP {NET OF PRODCTION COSTS) A

C ) = COST OF PRODUCTION FROM PRODUCTION RO UTINEP = R EVIROILITY OF INFCEESTATON

V = VALUE Of CHOP 

FIGURE 3. SCHEMATIC DIAGRAM OF THE ECO-
LOGICAL MODEL VIEWED FROM AN

ENVIRONMENTAL VANTAGE POINT FIGU RE 5. PESTICIDE SUBRO UTINE
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No attempt has been made to specify either type and assigned to interested research teams at state
or magnitude of the functional relationships and fre- universities and in USDA. Industry personnel should
quency distributions involved in this preliminary be included whenever useful. It would be most desir-
work. This is where some research effort needs to be able if environmental and ecological specialists from
concentrated. Many interconnecting links to other the Department of HEW and Interior and other
subsystems are needed to use even this one small agencies could also be involved.
pesticide subroutine (Figure 5). This indicates the
vastly complicated problem that any simulator would Developing this model would be costly and time
have in developing a model of the ecological system. consuming but the results would more than make up

for this cost by their contribution to a cleaner en-
Since a simulation model of the ecological system vironment, more efficient production, and faster,

would be so large and complex, perhaps the total more complete responses to national pesticide policy
requirement should be split into manageable pieces questions.
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