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Introduction

Tn the last few years, considerable interest has evolved in the con-
cept-of Integrated Pest Management (IPM). IPM is defined as the use
of multiple tactics to maintain pest populations at levels below those
causing econcomic injury vhile providing protecticn against hazards to
humans, domestic animals, plants and the environment. I% is the thesis
of this paper that much interaction between research and advisory (ex~
tension) services is needed before the concept can become operational.

This paper focuses on the concepts of econcmic and action thresholds
in pest management. Coneurrently, agriculbural economists are working
toward a more realistic definition of the economic threshold while phy-
sical scientists, especially within the advisory services, are speci~
fying action thresholds in the field. On the one hand, current defini-
t4ons of the economic thresholds are of a theoretical nature pertaining
%o +he situation of one pest and one control measure on ong Crop; On
the other, for economics %o make a practicable input tc the pest man-
-agement concept, the models must beccnme sufficiently sophisticated to
inelude alternative control strategies, uncertainty, risk aversion and
s plurality of pests on any one crop. Meanwhile, the action threshold
must be improved in the field by monitoring pest populations and
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increasing our knowledge of factors affecting the growth rate orf pests
and diseases. HEmpirical results from a pilot project to advise New
York epple growers on rest management are examined in light of the eco-
nomic threshold concept for pest management control practices.

Discussion of the Economic Threshold

The first attempt at a mathematically rigorous definition of an op-
timum pest population was made by Headley (1972), who introduced the
concepts of the value of preduction and the cost of control with pest
population levels and the corresponding damage of the pest pepulation.
Headley assumes continuous functions for the velue of production -and
the cost of control, both of which are functions of the pest popula-
tion. The value of preduction is assumed to decrease at an increasing
rate as the pest population increases while the cost of control de-
creases at a decreasing rate. The functions are shown in Figure 1.

U.S. Dollars
a
Value of production
Cost of control
0 L
Q P Pest population

Figur_e I, Relation of production, control costs, and pest population

The econcmic threshold iz the pest population, B, at which the incre~
mental losses in value of production as pest population increasas are
equal to the incremental cost of preventing that demage. This maxi- ‘
mizes the distance between the value ¢f producticn and the cost of con-
trol, therefore, P is the "optimal" population in an economic sense.
This differs from the perception of many farmers, who appear to consi-
der the flat interval, a - b, on the value of production curve to be
optimel. This flat interval indicates the wide range of possible pest
population levels before there is any perceptible loss in the value of
production. Thus, the emphasis should be on managing pest population
- levels, not attempting to eradicate them. :

As with any economic theory, the solution is limited by its assump-
tions., For clarification of the Headley model the assumptions are
enumerated as: ' :

1. The econcmic threshold is concerned with ane rest on one crop for
one profit-maximizing producer. The producer is a price taker and
all prices are known; : g



2. The relationship between pest population and damage, and between the
pest menagement control practice and the pest populaticn, are‘kncwn..
{Assumptions 1 and 2 together imply that decisions are made -without
risk and uncertainty);

3. The cost of control is continuous, though Heedley points out that

' the model may be adapted to handle discrete control measures;
L. The model extends for one seascn only, inferring that the economic
' consequences of a decisicn have no or insignificant repercussions
- in subsequent seasons; ‘ . "' ) .

5. Potential yield is given, and the pest pepulaticn 1s a "surprise
each season. The yield with no damage is established by inputs such
as seed, fertilizer, land, etc. and the exogencusly given weather.
Therefore, the use of these inputs may not be altered in anticipa-
tion of pest damage in substituting for expected use of pesticides;
(Russell, 1978)

§. Side effects are assumed at zero: a) The pesticide is target pest
specific, Therefore, there will be no target pest resurgence nor
secondary pest outbreak. ©b) The concept of resistance through se-
lection pressurs 1s assumed zero. ¢) The producer is geOgrap@ically
isolated, and is therefore unaffected by the pest control actions
of neighboring farmers;

T. The definition gives net return maximizing levels of pest population
with the exception of total eradicaticn of the pest.

By implication; when the assumptions do not hold, the economic thres-
nold {as defined) no longer represents the optimal pest population
level. Some endeavor is made in the following paragraphs to relax
some of the assumptions and to discuss the threshold in relation to the
"real" world. The assumptions are relaxed by allowing for risk, uncer-
tainty and target pest resistance.

Uncertainty and Risk Aversicn

Assume that the grower knows the current insect population level by
estimating an average number of eggs or larvae per plant, or knows a
disease level by noting the temperature and humidity conditions. Givern
changing weather conditions, or predator and parasite population levels
in relation to the pest population, the predicted pest population is
uncertain. Thus, there is no single value of crop (revenue) loss from
the specified population Ievels, but rather a range of possible out-
comes, e¢ach with some probability of occurrence. The crop represents
an investment cf seed, fertilizer, labor and management inputs, and the
farmer uses pest management to protect this investment by reducing ex-
pected losses. The grower who maximizes expected profits would use the
economic threshold to choose the optimal pest population. EHowever,
there may be the small probability of a very large loss which the grower
is unwilling to bear. Under these conditions, a grower may be willing
to settle for a higher level of pest control than is economically opti-
mal, and may adopt "insurance" spraying. Norgsard (1976) noted that
there is a ccommonly held view that & substantial proportion of total
resticide applications occur for insurance purpeses.

Given the risk aversion associated with pest control, it is possible
that there are gains from substituting knowledge for uncertainty. It
is known that the growth rate of the pest is not constant but depends
on the pests ecosystem, (i.e., the micro and mesoclimate), populations
of competing species and the abundance of food (the crop). The most



exogenous of these factors affecting the agro-ecosystem is the weather
thus relevant information on the weather (specifically forecasts) and
entomologlical and mycological knowledge of the interdependencies of
pest growth with its ecosystem would alleviate some of the uncertainty
and reduce the total quantity of precautionary sprays.

Information of the type required for pest management such as special-
ized weather forecasts and crop disease and pest predictions, may be
considered as a public good. Therefore, once available, few can be
precluded from benefiting from its provision. Under-provision of such
‘goocds can arise if left to the private competitive market and net bene-
fits to society could accrue if the information were provided. Such
information could be furnished by the agricultural advisory services.

Target Pest Resistance

Target pest resistance cccurs through the high selection pressure as
a result of repeated applicaticns of any cne treatment method and in
the case of pesticide use; results in higher usage rates to achieve
previously attained control levels. Furtler costs of pest resistance
include increased research and development costs for replacement of
redundant- chemicals and the expected cost of being unable to cope with
acute pest epidemics. The former point is aggravated by the decrease
in the rate at which pesticides become available fecllowing policy ac-
tiocns such as the banning of chemicals and the imposition of highly
restrictive tests for new chemicals. These pelicy actions are taken
because high environmental costs and hazards to human health are asso-
ciszted with many organic pesticides.

Carlson (1977) tock an interesting perspective of pest resistance
by pointing to the common property nature of a genetic pool of nonre-
sistant pests.. This suggests that private producers underinvest in
preserving the resource and that collective efforts for regions
‘through cocperative pest management programs or through the natiomal
(or regional) agricultural adviscry services may increase total net
benefits or aggregate profits. Gains would accrue as a) an informed
advisor substitutes knowledge for prophylactic pesticide applications,
b) target pest resistance to controls decreases as az wider variety of |
measures are employed to manage pest populations, and c¢) regional col-
lective control becomes possible and indivisible control messures are
employed as in the cases of sterile male release, some other blological
contrel techniques, and quarantine ccntrol.

The preceding sections of this paper have heen concerned with the
definition of the economic threshold and complexities of the real
world which have limited its usefulness. In the following section, the
action threshold is examined.

Discussion of the Action Threshold

An action threshold is defined here as the state at which some con-
trol measure is employed. This state may cccur when a) a specific num-
-ber of pests such as larvae, mites, aphids or mature ingects are found
on the plant, in the vicinity of the fields or in set traps, b) when a
combination of temperature and humidity provides ideal conditions for
the growth of a disease or c) when there is specific plant damage attri-
butable to a pest. The obvious key difference between (a) and (b) is
that the former alludes to something which can readily be observed,
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whereas the latter assumes spores of disedses to be present and merely"
requires the correct ccnditions for growtk. The cdmplex part of the
action threshold is that it is not a consistent measure. For one pest
on one ¢rop, the action thresheld will very from one area to another,
from one variety to another, possibly from onme field to another depend¥-
ing on agronomic factors,; and from one period to another as the cfoP
grows. Further complications ensue once the concepts of pest mixtures
and broad spectrum pesticides are incorporated into action thresholds. .

Problems also arise when certain farm management decisions are taken
into account. If labor and fuel costs and the possibility of spraying
pesticide mixtures are takern into account, additional precautionary
applications may be made with justificatiocn. The marginal cocst of in-
cluding sn extra chemical is extremely small if the spray rig is al-
ready in operation; thus, treatment. costs are not completely indepen-

dent of each other. ‘

Furthermore, the cpportunity cost of laber is not constant through-~-
out the year, thus providing economic rationale for precautionary
sprays. These sprays could be made at a time of low opportunity cost
of labor on the intention that pesticide residues would prevent pest
attack during pericds of high opportunity cost of labor. An example
may be on & fruit Tarm where btoth apples and cherries are grown.
Throughout the periocd of cherry harvesting the grower may wish to have
all available labor on that task. Consequently pest management activi-
ties would be coordinated om the apple crop so that minimum effort
would be required on pest control while ckerries are picked.

An Empirdcal. Study

That IFM projects have not successfully linked action thresholds with
economic thresholds can bte illustrated by the resuits of research to
evaluate the New York State Tree Fruit Pest Managément Program
(HYSTFPMP). The NYSTFPMP began in 1973 with the objective to reduce
the quantity of pesticide use without affecting fruit quality or the
quantity produced. Farm advisors trained in pest managemeni monitor
selectad orchards in Wayne County, New York and use their expertise to
advise growers. These growers pay 12 U.S. dollars per acre for the
service.

Data collected since the inception of the program generally showed
that pesticide costs were reduced for participants in the program by
about 25 U.S. dollars per acre. In 1978, a more complete study of the
differences betweeyn the program's participating and nonparticipating
growers was conducted. Records of amounts of pesticides, along with
timing and method of applicaiion were collected from the two groups.
From 23 nonparticipating growers, 33 blocks of epples were matched with
an equal number of tlocks from 19 participating growers. Criteria for
matching the blocks inciuded a} the proportion of fruit intended for
the fresh or processing market, b) the height of the trees (which acted
as & proxy for age and spacing) and c) the varietal mix of the blocks.
Standard prices of pesticides were used based on 1978 prices.

The results are shown in Table 1. Participents had spray material
costs averaging 68 U.S. dollars per acre, while nonparticipants had.
costs of 93 U.S., dollars. Thus participants had more than a $25 per
acre advantage in lower costs. When the 12 U.S. dollar participation
fee is accounted for, participants still had a 14 U.S. dollar advantage
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which is significant at the 5% level for a one-tailed separate variance
estimate test of difference between means. The use of materials is
further btroken down into costs for insecticides, miticides, and fungi-
cides. Participants had a clear cost advantage over the nonparticipants-
for each of these pesticide groups. Furthermore, no difference in

yield or quality of apples was observed between participant and nonpar--
ticipant blocks. (Thompson, 1979). : : :

Table 1 - New York State Tree Fruit Pest Management Program results for
: : 1978. Tests of differences between means of spray material
costs per acre for 33 blocks. . : -

- v g T i B e s - e i

Costs Pér Acre Separate Vériance
- ' Estimate_

. , . - 1-tail
Mean Range’ T Value Probability

U.s. dpllars

Total Spray Materials _
Participants 67.67 29-96 _ -
Nonparticipants 93.39 . L6248 -3.60 . 0.000

Total Spray Materizls
and Participation fee®

Participants 79.67 42-108

Nonparticipants 93,33 Lkg.2ng 192 0.031
'Insécticides_ _

Participants 2a.ks5 9-45 ~ _

Nonparticipants 32.84 12-75 h.15 C.000
Miticides .

Participants 9.87 0-23 _

Nonparticipants 13.7h 0-5k li88 9.033
Fungicides

Participants 37.36 18-6a 2.58 0.006

Nonparticipants 46.18 - 17-119 R )

*¥Participation fee is 12 U.S. dollars per acre

Thus it 1s apparent that the NYSTFPMP was successful in its objec-
tive te reduce pesticide costs while not affecting quality or gquantity
of apples. However, it is also apparent that the action thresholds
utilized by the farm advisors do not permit the attainment of the eco-
ncmic threshold as defined by Headley., In terms of Figure 1, the value
of damage attained is on the interval a - b, indicating the possibility
of sustaining higher pest population levels without incurring sdditional
crop loss. To reach the economic threshold it is likely that some dam-
age will be incurred. This points out a gap between the economic and
action thresholds utilized by farm adviscors in the field. '

The Re;evance of the Economic Thresbcld

Theorists such as Headley have pointed the way to the economically



optimal use of pest control resources but many pest management programs,
such as the NYSTFPMP have not included the definition in their day-to-
day operations. Is the concept workable in apple production? Several
obstacles to its potential adoption could be hypothesized. o

Cne objectlon by growers may be that there is a danger of infesta-
tion that, if allowed to perpetuate, may gain momentum and cause a
lerge crop loss. This is the case particularly for a high valued crop
such as apples. Furthermore, farm advisors may have insufficient infor-
" mation to make exact estimates of control needed to attain the economic
threshold. They may waant to apply some criterion to their recommenda-
tions to preclude liability for the small chance of a large crop loss.
As experience is gained, growers and farm advisors should have more
confidence in the ability to predict the rapidlty and severlty of pest
‘population buildups.

A second objection (especiaily fresh frult growers) has been the de-
sire to maintain the reputation for quality for a particular region.
However, this should not be a concern in this instance since the value
of damage prevented should allow, as damaged fruit increases, for a
larger proportion of fruit going into lower-value grades. - The apples

. reaching market after selective grading are not affected by blemishes
a53001ated with insect or disease damage, so consumer acceptability is
not affected. It should be noted, however, that a) an increased percen-
tage of apples with blemishes may result in higher grading costs, and
b) costs that a grower may incur entering a new market must be consid-
ered in the value of production function.

8till another obsitacle to adoption may be a buili-in bias for attain-
ing maximum yields or quality. This bias is present for many growers
as well as those farm advisors without economic training. Maximum
yield or quality is often erroneously thought to be egquivalent to eco-
nomic optimel production, although economic theory shows clearly this
to be false, The remedy would appear to be a more thorough econcmic
training for both growers and farm advisors.

No doubt the most important obstacle to link the action threshold
with the econcmic threshold is the lack of knowledge of the relation-
ship between the pest population and the value of production, along
with the impact of other variables such as other pests, predators, para-
gites and the weather.

The role of advisory services in pest management should increase as
some of these obstacles are overcome. Advisory personnel, working
closely with researchers, could facilitate the linkage of acticn thres-
holds with econcmic thresholds so that economic considerations can be
given their proper emphasis in pest management decisions. The develop-
ment of crop simulation models could serve to unite the thresholds and
are important in delineating the relationships between yield or quality
losses, and pest populetion density. These models should enable the
more efficlient use of existing data on ecconomic thresholds. To enhance
the practicability and facilitate installation of the models data must
be standardized so that the models may te tested sgainst situations
close to reality, and solutions or recommendations must be presented in
a form which is of use to the grower or the farm advisor. Such rmodels
may allow, for example, for projection of variability in net income per
acre over many years of weather date and the identification of the most
important parameters involved in the pest control decisions. An




emphasis on computerized pest management decisions may enable economic
considerations to be incorporated, and provide a better link between

the action and economic thresholds. This would ameliorate understanding
between the economic researcher and agricultural advisor.

Summary ard Implicatlons

"~ Empirical flnd;ngs from the NYSTFPMP were presented which showed a
25.72 U.S. dollar per acre cost advantage in spray materials for pest
mansgement participants over nonmparticipants, with no reduction in
fruit quality or quantity. This is evidence that the action thresholds
employed by the advisory service may increase net income of growers
but do not permit the attainment of the economic threshold

In the conceptual framework, the ¢complicating factors of risk-averse
growers (and farm advisors) and target pest resistance are noted.

Given ' &) the nature of these and other assumpiions which are not met

" in the real world, ©b) the nature of some pest management information

- (a public good), and ¢) the possibility of economies of scale of pest

management delivery systems (through training advisors, incorporating.

the latest research into recommendations, and computer hardware and
software development), an effective vehicle for delivering integrated
pest menagement programs is the national agricultural advisory . service.
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