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ABSTRACT

The Economics of Pesticide Use: The Relative Effectiveness
of Insecticide Strategies Recommended To Control
Flea Beetles in Rapeseed

by

Donald Merle Boyle

Major Advisor: Dr. David Freshwater

This study is an application of the economic theories of pesticide
use to the problem of control of flea beetles in rapeseed crops of Mani-
toba. Flea beetles are the major insect pest affecting rapeseed.
Spring infestations, if undetected, may cause damage severe enough that
the rape plants cannot fully recover and yields are reduced. Several
insecticides are recommended to control early season flea beetle infes-—
tations. Potential for large monetary benefits relative to small costs
of‘chemical application seem to exist when an insecticide is applied,
however, the benefits differ among the various control strategies. As
presented in this thesis, a framework is developed by which these ben-
efits may be calculated and compared.

The general objectives of this thesis are to present the relevant
theories of pesticide use. From the theory of production under condi-
tions of certainty interpolations of the available biological test plot

data were made. Dosage response functions, or curves illustrating the
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crop yield resulting from various application rates of an insecticide,
were estimated from the experimental data. The theory of production un-
der uncertainty was useful to evaluate the alternative flea beetle pest
management strategies in private cost and profit terms. Decision theory
was used to identify and compare the possible levels of crop loss, al-
ternative control actions, and the expected outcomes. A sensitivity
analysis of the results was provided in terms of product prices, proba-
bility of damage estimates and rapeseed yields.

With the probabilities of damage and rapeseed prices used, the analy-
ses indicated that the Furadan granular insecticide performed better
than all other control alternatives. in terms of revenues net of chemi-
cal costs. The lindane and spray options, as well as the insecticide
combinations, although they increase yields, do not provide revenues as
great as the Furadan strategy. The do nothing option was the least pre-
ferred strategy.

As indicated by the Manitoba survey of rapeseed producers, a low ac—
ceptance of the optimal profit maximizing control strategy exists. With
increased information of the potential benefits this low acceptance

would perhaps be overcome.
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Chapter I

PROBLEM STATEMENT AND OBJECTIVES

1.1 INTRODUCTION

In western Canada, agricultural production has been affected substan-
tially by rapid technological advances. Rapid change has required pro-
ducers to adapt to new production techniques in order to remain competi-
tive. The production of the oilseed crop, rapeseed, in western Canada
is an example of how technological innovations have been introduced and
accepted. Within the past 20 years, rapeseed has become an increasingly
valuable crop. In terms of total area planted and monetary value, rape-
seed is now the third most important crop in western Canada, preceeded
only by wheat and barley. This current importance results from dramatic
global increases in the demand for oilseed products, and the adaptations
of rapeseed to meet those increases.

Production of rapeseed within Manitoba, 546 300 hectares in 1979,
coﬁpfises about 15 percent of the province’s total planted acreage.
Manitoba supplies about 16 percent of the total Canadian rapeseed pro-
duction.2 This level of production requires a knowledge of effective

production techniques which will maximize producer returns. There is an

incentive to optimize output because of the high value of rapeseed

1 Manitoba Department of Agriculture, Manitoba Agriculture Yearbook

(Winnipeg, Manitoba: 1979), p. 69.

2-Canada Grains Council, Canadian Grains Industry: Statistical Handbook
‘80 (Winnipeg, Manitoba: 1980), p. 5.
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2
relative to other crops. This goal of output optimization necessitates
the utilization of proper pest management control strategies. Failure
to control pests such as flea beetles results in the reduction of yields
and degradation of crop quality.

The flea beetle is the major insect pest affecting rapeseed crops in
western Canada. There are five main species of flea beetles, the most

common being Phyllotreta cruciferae.3 The major damage occurs to newly

emerged rapeseed seedlings by overwintering adult flea beetles. Flea
beetles occasionally overwinter in previous season’s crop fields, but
usually in leaf litter found in and around surrounding shelterbelts.4
Severity of the damage depends largely on the climatic conditions. Un-
der favourable conditions flea beetle densities increase rapidly and
fields become infested in a few hours. The infestations, if undetected,
may cause damage severe enough that the rape plants cannot fully recover
and yields are reduced. It is the control of these spring flea beetle
infestations which will be.analyzed in this thesis. Damage may also oc-
cur due to mid-summer larval root feeding and pre-~harvest new generation
adult infestations. However, larval damage is considered to be inconse-
quential.5 Also, the rapeseed crop has usually matured to the state that

second generation damage in the fall is seldom serious.

3 C.E. Osgood, '"Damage Assessment as Part of Flea Beetle Management on
Rape," Proceedings of the Twenty-Second Annual Meeting: Agricultural
Pesticide Society (Brandon, Manitoba: June 23-25, 1975), p. 54.

4 L. Burgess, et al., Insect Pests and Diseases of Rape and Mustard
(Vancouver, British Columbia: Rapeseed Association of Canada, No. 48,
November 1977), p. 4.

5 .

Osgood, op. cit.

6

Burgess, et al., op. cit., p. 5.
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Several insecticides are recommended to control early season flea
beetle infestations. These insecticides fall into the following three
categories:

l. in~furrow treatment,

2. seed treatment, and

3. post emergence foliar spray.

These treatments may be utilized individually or in any combination.
Integrated pest management is not an option available to the producer at
present, although research in this area is being undertaken. The feasi-
bility and effectiveness of various biological and cultural insect con-
trols have been investigated. Limited benefits may result from the re-
lease of a European beetle parasite.7 It is not known to what extent
this parasite has established itself in the wild population. A native
parasite exists; however, it is ineffective in reducing beetle numbers.
As well, plant breeding for insect resistance and innovations to cultur-
al techniques are presently at the research stage of development.

In 1979, a survey of Manitoba producers indicated that about 74 per-
cent of the rapeseed growers used insecticides to control flea beetle
infestations.8 The private cost of this control, in current 1981 terms,
may range from a low of $4.55 per hectare for a single application of a
seed treatment to a high of $18.21 per hectare for single applications

of a combination of treatments.9 Producers apply these insecticides

R.J. Lamb, "Biological Considerations for an Economic Analysis of In-—
sect Pest Management in Rape,'" Winnipeg: Canada Department of Agri=-
culture, December 1979 (mimeographed).

See Appendix A for survey questionnaire and results.

9 See Appendix B for a complete breakdown of chemical prices and appli-
cation costs.
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under uncertain conditions of flea beetle densities. Due to the lack of
information concerning the populations, the insecticides are applied as
a form of self-insurance. The producer may feel that the risks relating
to possible yield reductions from beetle damage are lowered by applying
insecticides in case flea beetles are present.

Potential for large monetary benefits relative to chemical costs seem
to exist when an insecticide is applied. However, the benefits differ
among the various control strategies. A framework by which these ben-
efits may be calculated and compared will be developed. The relevant
components of this decision framework will be detailed in the review of
related literature.

Costs and returns associated with the chosen control strategy, will
be presented in private terms. Possible social implications may arise
because of the potency of the studied insecticides, resulting in poten-—
tial health hazards and possible negative environmental effects. Howev-
er, research supporting the notion of these negative externalities is

lacking.

1.2  OBJECTIVES OF THE STUDY

The main objectives of this study are to:

1. review and summarize the relevant applied economic theories of
insecticide use, insurance and information services as they re-
late to the problem of control of the flea beetle in rapeseed

crops of Manitoba;

2. interpolate the available biological test plot data into economic

terms which relate yield responses resulting from a chemical ap—

plication for various damage conditions; and
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3. evaluate in economic terms alternative flea beetle pest manage-
ment strategies in relation to private costs and profit maximiza-

tion.

1.3 ORGANIZATION OF THE THESIS

Chapter II is a summary of the related literature and the theoretical
construct of the economics of pesticide use. On a theoretical basis,
the motivation of insecticidal control, dosage levels, and timing of ap—
plications are discussed. Crop insurance and information services as
they relate to insecticide use are also discussed.

Chapter III is the description of the methodological considerations
used to apply the theories of insecticide use to the problem of flea
beetle infestations in rapeseed crops in Manitoba. Experimental test
plot results are used to calculate chemical yield responses. A sensi-
tivity anlysis of possible rapeseed price estimates and flea beetle den-
sity probabilities is performed for the 1981 crop year. The game theory
analytical approach is used as a method of evaluating, in monetary
terms, the decision to use insecticides given expectations for the fu-
ture.

Chapter IV is a summary of the results on the sensitivity of the pos~
sible outcomes of the pay-off matrices. The results are provided in
private cost and profit terms which result from various combinations of
damage conditions and price expectations.

Chapter V is a discussion of the implications of the results, limita-

tions and conclusions of the study.



Chapter 11

REVIEW OF RELATED LITERATURE

2.1 INTRODUCTION

The agricultural use of pesticides, in particular insecticides, has
increased dramatically in Canada over the past 30 years. This study
concentrates on the economic rationale for the use of insecticides to
control agricultural insect pests. The ‘pests’ in this instance are de-
fined as insects detrimental to the activities of man. The following is
a chronolgical review of selected articles which discuss and develop the
economic principles of pesticide use and agricultural pest management.
The review contains economic concepts and analytical methodology which

may be applied to the problem of flea beetle infestations in rapeseed.

2.2 CLASSICAL ECONOMICS: EFFICIENT INPUT USE UNDER PERFECT KNOWLEDGE

Classical production economics provides the theoretical basis for an-
alyzing the use of insecticides at the farm level. Insecticides are an
input into the crop production process. In economic terms, insecticides
are the result of technical innovation which augments total production
by increasing crop yields and product quality, and reduces possible
year—to-year yield fluctuations due to insect damage. Under the assump-
tion of perfect knowledge, the decision made by each producer is to
choose among the available inputs of production, depending on their mar-
ginal products and input prices, to attain the goal of profit maximiza-

tion.
_6_
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The optimal use of a pesticide may be illustrated, as in Figure 2.1,
with the use of a production function. The amount of a pesticide used,
with all other inputs held constant, is represented on the horizontal
axis. For a given level of pest population, the output attributable to
the rate of application of the pesticide is shown on the vertical axis.
In an insecticide example, the total physical product (TPP) function
likely would not start at zero because some output would result from the
factors of production held constant. For example, if some insect were
present and no effort at control was made, at least some quantity of
crop yield would be attained. In simplistic terms, the additional yield
or output resulting from a particular rate of insecticide application is
a function of the number of insects killed. This relationship becomes
more complex if timing and frequency of the applications as well as the
characteristics of the insect being controlled are accounted for.

The form of the classical TPP function, as in Figure 2.1, increases .
at an increasing rate at low pesticide levels; beyond some point, the
function increases but at a decreasing rate, and the function is maxim-
ized before total output begins to decrease at an increasing rate. The
th;ee rates of increase are termed the stages of production. At stage
I, successive additions of the pesticide result in an increasing quanti-
ty of total output. Given that other inputs are held constant and a
goal of profit maximization, there is an incentive to continue adding
units of the pesticide. Stage II of the TPP function is where succes-
sive additional units of the pesticide add to total output, but do so at’
a decreasing rate. Stage III occurs at the point where an additional

unit of the pesticide fails to increase output. A point of saturation
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Figure 2.1

Relationship of Factor Input to Total, Marginal,
and Average Physical Products

Source: E.O. Heady, Economics of Agricultural Production and Resource Use
(Englewood Cliffs, New Jersey: Prentice-Hall Inc., 1965), p. 43.
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for the input is attained and additional incremental units begin to re-
duce yields at an increasing rate. In the instance of an insect popula-
tion, the TPP function would perhaps be asymptotic to complete pest
eradication at high application rates, unless the insecticide applied
was phytotoxic to the crop.

The average physical product (APP) function is defined as

the total amount of output divided by the total level of the

variable input used to produce that quantity of output.
In geometric terms, the APP function is the slope of a line drawn from
the origin to the TPP function, for any unit of the input applied. This
function increases to the point where it intersects the marginal physi-
cal product (MPP) function. At this point, the average product per unit
of input is maximized, or the slope of the line from the origin to the
TPP function is greatest. Beyond this maximum point, the APP function
decreases.

The MPP is the slope of the TPP or the yield increases that would re-
sult from each additional increment of an input added to the production
process. The MPP function increases from the origin and is maximized at
the inflection point on the TPP function. The inflection being the
point at which the total output begins to increase at a decreasing rate
when a further increment of input is used. Beyond this point the MPP
function is decreasing and equals zero where the TPP is maximized.
Within this area of decreasing marginal returns is the area of efficient
production which corresponds to stage II of the production function.

Along this decreasing portion of the TPP function there occurs an

10 Ruben C. Buse and Daniel W. Bromley, Applied Economics: Resource Al-

location in Rural America (Ames: Towa State University Press, 19757,
p- 109.
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optimal input-output relationship in physical terms. This physical max-
imum occurs where MPP equals zero, the TPP is maximized, and further
units of input result in negative yield increases.

When the prices of total output and costs of the input are included,
an economic optimal level of input usage may be found. Figure 2.2 is
the illustration of the points at which economic optimal input usage oc-
curs. The value of marginal product (VMP) is the MPP for the particular
input-output relationship multiplied by the price of the output. This
is the necessary condition for profit maximization. The input prices
are known and are illustrated on the vertical axis as Pl and P2. There
is a revenue incentive to use additional units of input to the point at
which the revenue received just covers the cost of the input.

A specific decision rule is: wuse a variable input up to where

the last unit employed creates just enough additionii output

to pay for its utilization in the production process.
In algebraic terms, the optimum level of input usage occurs at the point
where thé VMP for the particular input-—output relationship equals the
price of the input.

Figure 2.2 illustrates two VMP functions and two input price condi-
tions. As the price of the output increases, the VMPl shifts out to
VMP2. This is an economic justification for increasing the input usage
from Q1 to Q2 given the input price conditions of Pl. TIf the input
price is increased from Pl to P2, the optimal quantities used on VMPl or
VMP2 decrease from Ql to Ql° and Q2 to Q2°, respectiveiy. The suffi-

cient conditions are fulfilled at these profit maximizing levels.

1 Buse and Bromley, op. cit., p. 116
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The profit maximizing quantity of the pesticide input applied depends
upon the fluctations in the level of chemical prices and the value of
the marginal product. Chemical prices are determined by market supply
and demand forces and are not subject to the individual producer’s power
to control. The value of the marginal product is dependent on the level
of crop prices, also determined by market forces outside the producer’s
control. In addition, the marginal physical product is very dependent

on the prevailing environmental conditions.

2.2.1 Hillebrandt, 1960

The two part article completed in 1960 by Hillebrandt is considered
to be the first work in the area of economics of pest control. Part I
deals with the following subjects: the estimation of a dosage response
curve; the selection of an optimal pesticide application rate incorpo-
rating crop prices and chemical costs; and the factors affecting the
profitability of treating an area of a crop.12 Part II delves into the
areas of risk and uncertainty with respect to the optimal application of
pesticides.1

A dosage response curve was estimated illustrating the crop yield re-
sulting from various rates of a pesticide application. The physical
crop-pest—-pesticide interactions influencing the shape of the curve were

incorporated into the estimation. Dosage response curves are

12 Patricia M. Hillebrandt, "The Economic Theory of the Use of Pesti-

cides, Part I," Journal of Agricultural Economics, Vol. 13 (1960),
pp. 464-472.

13 Idem, "The Economic Theory of the Use of Persticides, Part II, Uncer-
tainty," Journal of Agricultural Economics, Vol. 14 (1960), pp-

52_61 °
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illusrtrated in Figure 2.3 for three theoretical 1levels of pest
infestation. The line AB and the corresponding parallels explain the
relationship of output price and pesticide input costs. The point of
intersection of these price lines and dosage response functions signi-
fies optimal pesticide usage. This optimum corresponds to the equality
of the value of marginal product and the input price or the sufficient
profit maximizing condition. As illustrated, the optimal dosage or rate
of pesticide application increases with pest infestation increments, but
is also dependent on the slope of the output price—input cost relation-
ship as well as the shape of the dosage response function.

Hillebrandt investigated the possibilities of returns to scale for a
pesticide application. Depending on the situation, the input costs
could either increase or decrease per unit applied as the area treated
increases. For example, the cost of chemicals may be reduced because of
volume purchasing; also the fixed cost per unit area would decrease be-
cause they are being utilized over a larger acreage. However, the lab-
our costs involved in the application process may increase with larger
acreages. The profitability of the pesticide application on an area of
crop. depends on two factors. The first factor being the chemical input:
total cost of application per unit area increasing or decreasing as the
area to be treated increases. The second factor is the slope of the
marginal dosage function at the particular rate of application under
consideration.

Figure 2.4 is the illustration of the profit or loss resulting from '
the single application of a pesticide over different acreages and pest

densities when application costs and crop prices are known. For
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illustrative purposes, it was assumed that the application costs de-
crease per unit area and the benefits per unit area increase as the to-
tal area treated increases. The upper half of the figure shows these
increasing benefits and decreasing costs for three acreages as the level
of pest infestation increases. The costs may be subtracted from the
benefits at each acreage level to form the net revenue functions shown
on the bottom half of the figure. Given the shape of the curves, it may
be shown that under the conditions of a 2A level of infestation, the
profit per acre received from treating a large field (70 acres) equalled
the distance CE. For the medium acreage, the profit per acre received
would be DE. The pesticide treatment on a small field would result in a
loss per acre of EF.

Part II of the article by Hillebrandt relaxes the assumption of the
producer’s perfect knowledge in production decisions. The lack of in-
formation was dividied into the two categories of: risk which follows
some known probability density function and is therefore insurable, and
uncertainty which has unascertainable probabilities of occurrence and is
not insurable. The main area of imperfect information centers omn future
crop prices. Research may determine the crop-pest—-pesticide interac-
tions or the dosage response functions for a given level of infestation,
but the information may be subject to large fluctuations. The chemical
and application costs are generally known. Lack of information about
future crop prices falls into the uncertainty category while the form of
the dosage response functions relating to specific levels of pest infor-
mation may be risky, but plausible in statistical terms. Hillebrandt.

used Shackle’s concept of '"degree of potential surprise'" at various
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profit levels and incorporated the producer’s subjective estimate of the
uncertain situation as well as indifference curves to determine the op-
timal pesticide application rate. The problem with this form of analy-
sis is the lack of practicality and difficulty in estimating indiffer-
ence curves, degrees of potential surprise and the determination of the

subjective assessments.

2.2.2 Headley, 1968

With the three primary classes of inputs into the production process
being land, labour, and capital; peésticides affect a substitution of
capital investment for land and labour to increase productivity. Tech-
nical innovation in the production process provides the profitable en-
couragement for this substitution. The substitution of capital for oth-
er production inputs was analyzed in research done by Headley in 1968.14
The major objective of Headley’s study was to determine whether the use
of pesticides in agricultural production differed from the theoretical
economic optimum. To accomplish this goal, the benefits and costs of
pesticide use were calculated from production function estimations omn
cross sectional data for 1963. The relationship as estimated by ordi-
nary least squares regression techniques was as follows:

Total Output = f(total labour, land and buildings, machinery,
fertilizer, pesticides, and other)

14 5.c. Headley, "Estimating the Productivity of Agricultural Pesti-
cides," American Journal of Agricultural Economics, Vol. 50 (February
1968), pp. 13-23.
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Four equations were estimated to express this relationship. Inter-
pretation problems occurred because of data aggregation and variable in-
tercorrelations. The assumptions of uniform technology for the 48 stud-
ied states, and equivalent productivity from chemicals also hampered in-
terpretations of the regression results. Increases in productivity
resulting from the application of chemicals, particularly pesticides,
vary widely depending on the crop grown, the pest being controlled, and
the timing and rates of application.

The estimated marginal productivities for the variable inputs are
shown in Table 2.1. Note that a marginal value product of over four
dollars results on average from a one dollar outlay for the pesticide
input. This marginal contribution to total output was approximately
equal to that of the fertilizer input, and much greater than the con-
tribution of the other variable inputs. As a result, in 1963, United
States farmers received estimated benefits totalling $1.8 billion from
the $436 million spent on the pesticides used.

Although Headley’s results are now somewhat dated, the implications
for present pesticide usage are still relevant. The large imbalance in
the market for pesticide inputs is the reasoning for past and future
trends in the use of pesticides. Because of the large margin between
returns and costs, the use of pesticides has increased rapidly in the
past and probably will continue to do so in the future. In theoretical
terms, the level of input useage will increase until the VMP is equiva-

lent to the MC for that input.
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Regression Equations

Variables 1 2 3 4
Total Labour $2.16/day $1.40/day $3.84/day $4.21/day
Land and

Buildings 0.06/$1.00 0.08/$1.00 0.06/4$1.00 0.08/$1.00
Machinery 2.40/$1.00 - 2.43/$1.00 0.26/$1.00
"Other" 0.97/81.00 - 0.97/$1.00 1.07/$1.00
Fertilizer 4.91/$1.00 4,20/$1.00 4.50/$1.00 3.95/81.00
Pesticides 5.66/31.00 4.23/$1.00 4.16/$1.00 3.90/$1.00
Machinery

plus other - 1.16/$1.00 - -
Source: J.C.Headley, "Estimating the Productivity of Agricultural Pes-
ticides," American Journal of Agricultural Economics, Vol.50, (February

1968), p.19.
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2.2.3 Headley, 1972

The focus of the previous literature had been mainly the economically
optimal use of pesticides. At this point, crop yields are optimized and
returns are maximized. However, this optimum occurs under certain as-
sumptions about the pest population. When pest densities are specified
they are generally assumed to cause yield damage greater than the cost
of control. This suggests a critical level of pest density at which
cost of control equals the yield benefits. In the article by Headley in
1972, this concept of a threshold pest population was formalized in eco-
nomic terms.15

Headley conceived the threshold population as a function of three
variables: value of damage, pest population, and time. The model which
was estimated had four basic components. The first component was the
pest density damage function which relates the level of damage to the
pest population and the ability of the crop to withstand damage. The

equation of the damage function is:

2
Dt =b Pt - A
where:
Dt = damage in time t,
Pt = pest population in time t,

A = a constant defining the crop’s tolerance to pest damage, and

15 5.c. Headley, "Defining the Economic Threshold" in Pest Control

Strategies for the Future {(Washington, D.C.: National Academy of
Sciences, 1972), pp. 100-108.
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b = a constant defining the incremental damage resulting from Pt.
The second element of the model is a pest population growth equation.
As shown in the following equation, the population in time t is a func-
tion of the time t-n population multiplied by a biological growth fac-

tore.

P =P (1 + )P
= n

t t
where:
Pt—n = the pest population N periods prior to time t,
r = net growth rate of the pest population, and
(1 + r)® = a compound growth factor.

The effect of the pest on crop yield is the third element of the mod-
el. The crop yield is a direct result of the potential yield less the

pest damage incurred. This is shown as follows:

y=N~- th
where:
y = the product yield,
¢ = a parameter measuring incremental yield effects, and
N = the potential crop yield under conditions of no pest infesta-

tions.

The first three equations were combined to form:

P
+
La]

N

y=N- c{b[Pt ¢
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This shows the effect that the pest population has on the crop.
Figure 2.5 illustrates this further. The crop yield resulting at each
level of pest population may be multiplied by a constant price to form
the total revenue from production. From points A to B, crop yields have
attained their potential under conditions of none to very low pest den—-
sities. Beyond point B, as pest densities increase, the revenue from
production decreases at an increasing rate.
The cost of control for various pest populations is also graphed.
Headley assumed that as the desired level of pest population was set at
higher densities, the cost of control decreases. The final element in

Headley’s model is the following continuous cost function:

where:
0 = the total cost of control, and
L = a constant parameter influencing incremental costs as pest pop-
ulation is reduced.

On the bottom half of Figure 2.5, the marginal revenue and cost
curves are shown. The economic optimum occurs at the intersection of
these two curves where the rate of change of the revenue from production
and cost of pest control curves are equal. Point C corresponds to this
intersection and is translated back to the top half of the figure. The
distance DE is the profit gained from optimal pest control. The level

of pest population F corresponds to the profit maximizing state and is
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Source: J.C.Headley, "Defining the Economic Threshold" in Pest Control

Strategies for the Future (washlngton, D.C.: National Academy
of Sciences, 1972),p.103.
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defined to be the economic threshold or optimal pest population. It
would be undesirable to allow pest densities to vary from this optimum.
At higher levels of population, the cost of control is less but the
yield loss outweighs the cost savings. Similarly, control to lower pop-
ulation levels involves a cost greater than the returns received from

increased crop yields.

2.2.4 Hall and Norgaard, 1973

A redefinition of Headley’s economic threshold was proposed by Hall
and Norgaard in 1973.16 Tﬁe timing of application and quantity of pesti-
cides applied were introduced as determinants, in addition to the vari-
ables utilized by Headley, in a model for effective profit maximizing
pest control. The theoretical model included the following five ele-
ments:

1. The pest population growth function was similar to Headley’s with
the exception of a factor which included the reduction in the pest popu-
lation due to a pesticide application. The following is the pest popu-

lation growth function from the time of planting through to the time of

pesticide application:

]
Lae)
[}
Hh
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H
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A\
ot
A\
rt

P(t)

where:

P(t) = the pest population,

16 Darwin C. Hall and Richard B. Norgaard, "On the Timing and Applica-

tion of Pesticides,' American Journal of Agricultural Economics, Vol.
55 (1973), pp. 198-201.
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Po = the initial pest population,
rt _ .
e = the pest population growth rate,

g) = the time of planting, and
t;, = the time of pesticide application.

1

An addition to this function was made to include the reduction of the
pest population due to the pesticide application. The resulting growth

function was in the form of:

P(t) = (PO erti - K)er(t—ti) for ty <t g_th
where:
K = the number of pests killed by the pesticide application, and
t, = the time of crop harvest.

2. The second element is the pest population kill function which is
simplified to be a function of the level of pesticide applied and the

timing of the application.

‘K = K(X, ti)
where:
X = the number of units of pesticide.

3. The third component of the Hall and Norgaard model is a function

which relates the crop damage to pest populations. The following two

equations describe this damage. The first equation is a continuous
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function from the time of planting to harvest of the crop damage result-

ing per pest.

d(t) = b P(t)
where:
d(t) = the instantaneous rate of crop damage in physical units due
to pest population, and
b = rate of crop damage per pest.

The second equation includes the application of an insecticide:

D(t, = t ) =Dl + D2
h o
where:
D(th - to) = cumulative crop damage incurred between the time of
planting and harvest,
Dl = the damage incurred prior to insecticide application,
and
D2 = the damage incurred post insecticide application.

4, The fourth element of the model is the product yield function

shown as follows:

Y=N- D(th)
where:
Y = the physical crop yield at harvest, and
N = the potential crop yield under conditions of no pests.

5. The final component of the model is the cost function of the

form:
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where:

(@]
]

the total cost of pesticides, and
a = the cost of purchasing and application of a single unit of pes-—
ticide.
The result of differentiating the profit equation, which is crop rev-
enues net of pesticide costs, with respect to application time ti and

quantitiy of pesticide applied X, the following equations arise:

ar
Kx(X, t.) = -
1

BbleF{thti) _ )

rK(X,ti)er(th_ti)
Kti(X, ti) =

A R
where:

B = the price of the crop.

The implications of the preceeding model are illustrated in Figure
2.6. The total cost of pesticide application is drawn as a constant
marginal increase per unit applied. Total revenue curves are drawn for
different application times. The curve, labeled TRt + n, results from a
time of application closer to an entomologically specified desirable
time. The increase in profit to the producer is the distance AB at the

optimal rate of pesticide application C. Dending on the slope of the
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total revenue curve, this rate of application could increase or decrease
as the timing becomes more precise.

The conclusions of the Hall and Norgaard model state that cost of
pesticides and crop prices affect the rate of pesticide application.
However, the optimal timing of pesticide application is determined inde-
pendently of the pesticide and crop prices. The only variables affect-
ing timing of application are the response of the pest population to the

pesticide and the biological growth rate of the pest population.

2.3 UNCERTAINTY: PEST MANAGEMENT ﬁNDER IMPERFECT KNOWLEDGE

To this point, the articles reviewed have regarded the use of pesti-
cides under the assumption of perfect knowledge. However, pest densi-
ties, pesticide effectiveness, pest population dynamics, crop prices,
and environmental conditions are subject to a large amount of variabili-
ty. When variation occurs in the determinants of agricultural produc-
tion, producers become uncertain about future outcomes. The producer
must rely on past experience and expectations for the future to decide
among the available inputs of production to maximize net returns. The
following is a review which incorporates risk and uncertainty into a

framework for optimal pest management.

2.3.1 Carlson, 1970

In the study completed in 1970, Carlson utilized Bayesian decision

theory to include the uncertainties of crop disease and determine an
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optimal pest control strategy.17 Carlson applied this theory to the ex—
ample of brown-rot control in the California peach industry. The deci-
sion theory was used to determine which pesticide spraying strategy
would maximize expected profits. The strategy was adjusted to account
for disease forecasts.

Bayesian decision theory in a pest management context involves a pro-
cess by which a decision—-maker can identify all possibilities of crop
loss, alternative control actions, and the resulting outcomes to form
probabilistic subjective expectations for the future which may be updat-
ed given a forecast for the particular event. Subjective probabilities
are used because in agricultural pest control few recorded series of
events are accurate enough that objective or historical probabilities
may be calculated with confidence. The determination of subjective
probabilities in practice is often inaccurate but they are often more
representative of the particular pest density situation than are histor-
ical probabilities.

As shown in algebraic form in Table 2.2, the possible control strat-
egies or actions available to the producer are represented by: al, a2,
al,..., am. The level of pest densities are defined as states of nature
and are depicted as: sl, s2, s3,..., sn. All possible combinations of
these "action—state of nature" pairs are shown in the resulting pay-off
matrix. A net income value or a utility of that net income value for

each pay-off is selected.

17 Gerald A. Carlson, "A Decision Theoretic Approach to Crop Disease

Prediction and Control," American Journal of Agricultural Economics,
Vol. 52 (May 1970), pp. 216-223.




Table 2.2

Decision Theory Pay-0ff Matrix
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Actions
States of - —_—
Nature al a2 a3 cee am
sl U(sl, al) U(sl, a2) U(sl, a3) ees U(sl, am)
s2 U(s2, al) U(s2, a2) U(s2, a3) oo U(s2, am)
sn U(sn, al) U(sn, a2) U(sn, a3) cos U(sn, am)
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This process may be shown as follows:

E(U) = max [ % U(a,s) . P(s)]
a s

where:
E(U) = expected utility,
U(a, s) = pay~off (utility) derived from each "action-state of
nature" pair, and
P(s) = the decision—maker’s subjective probability distribution

for the random variable (s).

The producer’s subjective probability distribution may be considered
to be a prior probability distribution which may be updated with the in-
corporation of forecast information. The damage probabilities derived
from the forecast information may be used to form a probability distri-
bution conditional on a given state of nature. This conditional distri-
bution may be used to formulate a posterior probability distribution of
damage for each action. The following is Bayes’s theorem which combines

the prior and conditional probabilities:

P(s/z) = P(s) . P(z/s)/P(z)
where:
P(s|z) = posterior probability,

P(s) = prior probability,

conditional probability, and

P(zls)
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P(z) = marginal probability of forecasts.
The process of selection of the particular action which maximizes the

pay—-off for the given forecast takes the form of:

E(U) = max { & U(h(z),s) . P(s/z)]
h s
where:
h(z) = the highest pay-off given the forecast (z).

To use the Bayesian decision-making process, Carlson elicited subjec-
tive damage probabilities from 76 California peach growers. There were
five control actions considered on seven percentage of crop lost by dis—
ease states of nature. Chemical costs were determined from the particu-
lar action chosen. One crop price was assumed because of prior knowl-
edge due to producer cooperative actions. The crop yields were
determined from historical data for the varieties concerned. Because of
the nature of the disease, rainfall forecasts were incorporated into the
analysis. Ordinary least squares regression was used to estimate the
crop loss due to disease.

The optimal pest management strategies were calculated by joining the
prior and posterior probability distributions using Bayes’s theorem.
Optimal strategies or actions were determined in two manners. The first
equated maximum expected net returns with maximum expected utility. The
second method utilized producer utility functions in a mean—variance

context to account for risk aversion or the willingness to forego an
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amount of profit to use more pesticides in order to reduce the standard
deviation of the losses.

It was determined that the 44 percent of the California peach growers
who did not intend using pesticides for brown-rot control could increase
income $25 to $40 per acre if an optimal pesticide management strategy
were followed. Also, under conditions of low pest density forecasts,
revenue could be saved by using mno pespicides. The social, environmen-
tal and health costs of pesticide use were not quantified in this analy-
sis. However, it was suggested that these costs could be reduced if
forecast information were incorporated into the farmer’s decision pro-
cess. Carlson concluded that where the probability of crop damage due
to pests was variable from season to season, and the pest densities
could be accurately forecasted, decision theory procedures are applica-
ble, especially when the control costs are high, relative to crop pric-

eS.

2.4  INSURANCE AND INFORMATION: REDUCTION OF UNCERTAINTY IN PEST
MANAGEMENT

In general, sub—optimal use of pesticides results from producer un-
certainty or lack of information about the future and the pest being
controlled. Sub—optimal refers particularly to over use of pesticides
and the poor timing of applications. Poor timing occurs due to the lack
of information concerning the crop-pest-pesticide relationship. Over
use of pesticides stems from the risk averse nature of producers. Pro-
ducers are willing to increase their expenditures on pest control to as-
sure themselves that in the event of a pest infestation, adequate con—

trol measures have been taken. Pesticide over use is not good in the
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private sense because of the reduction in net revenues due to increased
costs. Also, negative externalities may arise, such as health and envi-
ronmental hazards which are of increasing concern and should be included
in the control decision framework.

The following portion of the literature review discusses the concepts
of insurance and information services to alleviate the wuncertainties
surrounding pesticide use. This reduction of uncertainty may reduce the
over—applications of pesticides described above. Information services
could promote optimal pest control strategies by disseminating knowledge

about the particular crop—pest—pestiéide relationship.

2.4.1 Miranowski, Ernst and Cummings, 1974

An analysis of pest management information services and insurance al-
ternatives was performed in the study completed in 1974 by Miranowski,
Ernst and Cummings.18 It was thought that these options could be used
within a public policy context to provide mechanisms to promote more ef-
ficient pest control. From the standpoint of social and private optima,
both options were investigated. The pest management information service
was thought to increase the individual producer’s level of awareness of
the crop-pest-pesticide relationship. The knowledge of the benefits of
proper timing and rates of chemical application would perhaps reduce

wasteful applications.

18 John A. Miranowski, Ulhrich F.W. Ernst and Francis H. Cunmings, "Crop

Insurance and Information Services to Control Use of Pesticides"
(Washington, D.C.: Environmental Protection Agency,
EPA-600/5-74-018, September 1974).
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The insurance option was thought to be justifiable on the grounds
that a reduction in the programmed pesticide applications would occur.
Programmed applications refer to the use of pesticides by risk—-averse
producers as a form of insurance. In previous seasons, the producers
utilized pesticides and will continue to do so even though the probabil-
ity of infestation may be low. Since the cost of pest control to the
producer is usually low, compared with the price of the crop, a low cost
insurance program covered by both producer and public interests could
reduce unnecessary pesticide applications.

This study was confiﬁéd to insecticides. The greatest concern in
public policy dealing with pesticides is the use of insecticides because
of toxicity and persistence in the enviromment. Although herbicides to
date have been the most heavily demanded type of pesticide, insurance
and information services are not likely to significantly reduce use be-
cause of the nature of the pests. Alternatives to chemical weed control
would tend more toward cultural practices rather than insurance. Fungi-
cides make up only 10 percent of the active ingredients applied. The
insecticides studied were restricted to the crop cotton in the southern
United States where chemical applications are the most intensive and the
possibilities for insurance and information services are most plausible.

The information services are designed to prévide three types of as-
sistance to producers. Current information dealing with pest densities
will be provided on a regular basis. Advice on pesticide use will be
provided given the pest population counts. Chemical applications will
be recommended when pest populations have attained an economic threshold

level. The threshold was defined as:
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the infestation level at which the economic cost of reduced

crop sales is predicted to exceed the cost of applying corfsc-

tive pesticides or taking some other pest control measure.
The third type of assistance will provide the producer with better crop
production information. This information would include the latest pro-
duction and pest management innovations, such as integrated control
methods.

The crop insurance services to be provided would be unlike the cur-
rent all-risk crop insurance. Current programs require producers to
utilize good crop production techniques including preventative chemical
applications to control insect populations. Specific-risk insurance
with the value equal to the full value of the crop loss would reduce in—-
secticide use., The cost of the premium would be subsidized by the pub-
lic, and claims would be paid to the producers based on the portion of
the crop lost to insect damage.

The basis for the analysis is the maximization of utility. Although
the producer 1is concerned with net income from crop production, a
trade-off occurs between the expected loss due to insect damage and
risk. Producers, because of their risk-averse nature, would forego some
expected revenue to reduce the risk of pest damage. This is illustrated
in Figure 2.7. As the level of pesticide applied increases, crop losses
are reduced and expected net income increases. The net income expecta-
tions are maximized at point Q. As crop losses are reduced by increas-
ing insecticide applications, the risk associated with the losses are
also reduced. Applications at rates greater than Q reduce risk, howev-

er, expected net income is declining. The decision criterion may be

19 Miranowski, et al., op. cit., p. 17.
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summarized as the trade—off between net income and risk to maximize pro—
ducer utility.

To simulate the crop loss and net income relationship, the following

function was used:

Y = Py(1l - S)Y* - TC - Px X
where:

Y = net income per acre,

Py = price per unit of the crop,

S = fraction of the crop lost due to insect damage,
Y* = maximum possible yield per acre,
TC = total cost of production (except insecticide cost) per acre,
assumed to be constant,

Px = price per pound of insecticides used, and

X = pounds of insecticides applied per acre.

The price of cotton was set at a single value representative of the
current market value. The specification of the utility function corre-
sponded to the risk—averse nature of the producers. The risk factor was
defined to be the variance of the expected crop loss for a given control
strategy. Nine control actions or chemical rates (0 to 40 pounds per
acre) were used to determine the expected net income figures. Also, two
types of cotton producers were defined. Producers were grouped as ei-

ther informed or uninformed. The informed group would apply insecti-

cides only when the pest density approached an economic threshold. The
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uninformed group sprayed automatically at vregular intervals which
amounted to 24 to 26 applications per season.

The simulation results indicated that with pest management services,
the informed producers had increased net incomes and utilities. Both
the expected net revenue and utility were maximized at an insecticide
application rate of 25 pounds per acre. These results may be compared
with those of the uninformed producers which would maximize expected net
revenues at 30 pounds, but because of risk the maximum utility was at-
tained when 35 pounds per acre was applied. For the informed producers,
the risk of crop loss was reduced to the extent that insecticide use de-
creased by as much as 30 percent. This would lessen the need for insur—
ance to decrease risk. The cost to the participating producer was $3
per acre which was more than neutralized by the increased efficiency in
cotton production. Producers would not participate in the information
services for the single reason that they lack information about the
gains that would be provided. Producer participation in the information
service would increase efficiency in cotton production and reduce insec-
ticide use.

To simulate the crop insurance option, seven alternative policies
were provided to the two groups of producers at five subsidy levels.
The alternatives are listed as follows:

1. 50 percent co-insurance where the producer and the insurer each

incur one-half of the loss incurred due to insect &amage;

2. full loss coverage beyond a deductible of O percent;

3. full loss coverage beyond a deductible of 10 percent;

4., full loss coverage beyond a deductible of 20 percent;
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5. full loss coverage beyond a deductible of 30 percent;

6. full loss coverage beyond a 40 percent deductible, which is what

the Federal Crop Insurance now provides; and

7. no insurance.

In addition, the public sector subsidies were simulated as 0, 10, 25, 50
or 100 percent reduction of the insurance premiums.

The simulation results demonstrated that the insurance alternatives
were not effectual for the uninformed producer. For the 50 percent co-
insurance and the Federal Crop Insurance options, the producers would
slightly reduce insecticide use only if the insurance premiums were sub-
sidized 100 percent. This slight reduction in insecticide use is not
likely to offset the large public subsidy. The only full loss coverage
insurance alternative to be accepted under the conditions of less than a
50 percent premium subsidy was the zero deductibility option. It was
concluded that for uninformed producers, the insurance options would be
accepted only under heavy public subsidies, however, this would provide
in several of the options an incentive to completely discontinue insec-
ticide application.

The simulation results show the informed producer to be more flexi-
ble. If the public subsidy on insurance premiums was less than 50 per-—
cent, the informed producer would choose the no insurance option. At
the 100 percent subsidy level, all insurance alternatives would be pre-
ferred, however, the co—insurance and Federal Crop Insurance systems
probably would not reduce insecticide use. For the full loss coverage
alternatives with the deductibilities of 0 and 10 percent, no insecti-

cides would be used. At the 20 and 25 percent deductible levels
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applications would be significantly reduced but with a great cost to the

public.

2.5 SUMMARY

The theoretical aspects of pesticide use, insurance and information
services were summarized in the preceeding chapter. A selection of lit-
erature which developed and presented these concepts was reviewed. The
review was constrained to the literature which contained economic con-
cepts and methodology which may be applied to the problem of insectici-
dal control of flea beetles in rapeseed. The review was separated into
three sections, each of which developed an economic aspect of pest con-
trol. The first section included the review of articles which dealt
with the use of insecticides within the context of applied classical
production economics. The second section focused on the problem of pro-
duction under the uncertain conditions of pest attacks. Game theory was
utilized to incorporate risk and uncertainty surrounding pest control
decisions to maximize producer profits or utility. The final section of
the review provides an insight into the possibilities for insurance and
information services to reduce the uncertainties of pest control and
thereby reduce insecticide use.

Classical economic theory under perfect knowledge provided the basis
for the studies done by Hillebrandt, Headley, and Hall and Norgaard.
Hillebrandt in 1960 formalized the concept of a dosage response function
relating optimum pesticide applications to the cost of the chemical, the
price of the crop, as well as the intensity of the attack. The optimal

quantity of insecticide applied occurs where the marginal value product
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is equivalent to the price of the chemical for a given level of pest in-
formation. Headley in 1968 determined that about $4 worth of marginal
value product resulted from the application of §$1 worth of pesticide.
This apparent sub-optimal level of pesticide application gives justifi-
cation for the trend of rapid increases in the demand for agricultural
pesticides.

Headley in 1972 formalized the concept of an economic threshold pest
population. This threshold population occurs where the cost of control
is equivalent to the yield benefits in marginal terms. Control of pest
populations greater or less than this threshold would be sub-optimal in
terms of profitability to the producer. Hall and Norgaard in 1973 added
the concept of timing of the pesticide applications to the conditions
for optimal pest control. Timing as a variable of the production pro-
cess was determined to be independent of crop prices, control costs and
rate of application. The optimal timing of chemical pest control is a
function of the biological growth pattern of the pest.

The main restriction with the articles summarized to this point is
the assumption of perfect knowledge in the production process. Cost of
chemical applications are known and govermment regulations dictating
proper use practices as well as application rate recommendations provide
a sense of certainty in these areas. However, to a large extent, imper-
fect knowledge exists din the areas of future crop prices, pest
population dynamics, and the chemical dosage response functions. The
article by Carlson in 1970 included the uncertainties in a decision-the- -
oretic pest control example to maximize expected profits. The possible

control strategies are named actions while the probable levels of pest
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populations are states of nature. From each possible action-state of
nature combination results a particular crop yield which may be analyzed
in monetary or utility terms. Carlson utilized Bayes’s theorem to in-
corporate forecast information dealing with the states of nature to up-
date the producer’s probabilistic expectations of the pest population.
The control strategy chosen maximizes profit or an utility transforma-
tion.

The final portion of the literature review focuses on two concepts
which are thought to alleviate the uncertainties surrounding pest con—
trol. The most complete study in the areas of specific-risk insurance
and information services options was done by Miranowski, Ernst and Cum—
mings in 1974. The conclusions reached by this study indicated that the
insurance alternatives which reduced uncertainty and thereby decreased
insecticide use would do so only at a high cost to society. The infor-
mation services option showed the most promise in reducing insecticide
use by improving the produéer's knowledge about the crop—pest—-pesticide
relationship. Producers are willing to accept the program of informa-
tion services if the benefit potentials are publicized.

The articles reviewed in this chapter contain analytical procedures
which pertain to the problem of control of flea beetles on rapeseed.
Dosage response functions as theorized by Hillebrandt are estimated for
the insecticides recommended for the control of flea beetle infesta-
tions. The yield response calculated for each insecticide, at the re-
commended application rate, is incorporated with crop price expectations
and flea beetle damage probability distributions into pay-off matrices
as defined by Carlson. The profit motive is the choice criterion for

the selection of the appropriate control strategy.



Chapter IIIX

METHODOLOGICAL CONSIDERATIONS

3.1 INTRODUCTION

The decision model used in this analysis simulates possible outcomes
of returns in relation to the subjective future assessment that a pro-
ducer may have toward expected flea beetle damage and rapeseed prices.
This analysis evaluates the effect that chemical treatments have on the
yield of rapeseed by controlling flea beetle infestations. Flea beetle
damage reduces rapeseed yield while chemical insecticides may reduce
this damage. The various control measures are analyzed solely in terms
of private cost effectiveness. 1Insecticide dosage response functions
were developed from experimental plot data and are used as a method of
relating the levels of chemical application to increases in yield. In-
creases in yield over a strategy of no treatment were calculated for six

insecticide treatments for selected levels of flea beetle density.

3.2 THE CONCEPTUAL MODEL

The conceptual model is the logical process of producer decision-mak-
ing. It is hypothesized that these decisions are made on the basis of
expectations for the future. 1In this case, the expectations for the fu-
ture are in the areas of: rapeseed prices, and crop damage or flea bee-
tle densities. Future expectations consider both present conditions and

past experiences. Figure 3.1 is the schematic representation of a

_45_
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producer’s decision-making model. The producer utilizes the available
inputs of production to optimally produce a crop. Given the producer’s
objectives and perception of possible pest damage, the decision is made

to choose among the available control strategies to reduce crop loss.

3.2.1 Chemical Control of Flea Beetles on Rapeseed

Three types of chemical insecticides are used, either individually or
in combination, to control flea beetle infestations in Manitoba. The
three studied chemicals and their formulations are: carbofuran 5 per-
cent granular, lindane-based seed tréatments, and carbofuran 48 percent
flowable. Supracide 25 percent emulsifiable concentrate is also used in
this analysis where insufficient experimental data restricted the exami-
nation of the carbofuran 48 percent flowable.

Furadan 5 G (carbofuran) is an in-furrow granular systemic insecti-
cide. This chemical is applied using a seed drill and is most effective
when mixed with the seed prior to seeding. This granular Furadan is not
an effective treatment if the crop is seeded with a discer.20 When mois-
ture is available the insec;icide is absorbed into the plant and kills
the flea beetles as they feed on the seedlings. Under ideal conditions,
three weeks of protection are given to the rapeseed crop.

Lindane is the basic active ingredient of several commercially manu-

factured rapeseed seed treatments. Some of these chemicals include:

20 Manitoba Department of Agriculture, Entomology Section, Technical

Services Branch, 1981 Manitoba Insect Control Guide (Winnipeg, Mani-
toba), p. 32.
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Lindasan, Gammasan, Thiralin, Benolin, and Vitavax.21 The main
difference among these chemicals is the one or more fungicides that are
included to control plant disease. All of these chemicals are in powder
formulations with the exception of flowable Vitavax. The rapeseed may
be treated with lindane either commercially or by the producer prior to
seeding. Under ideal conditions, lindane protects against flea beetle
infestations for one week to 10 days. It is recommended that this form
of treatment, in practice, should be followed up with a post emergence
foliar spray.22 This combination of treatments provides about three
weeks of protection, whicﬁ is similar to the singular application of Fu-
radan granular.

The foliar sprays: Furadan 4.8 flowable (carbofuran), Supracide 25
percent emulsifiable concentrate (methidathion), Malathion 25 percent
emulsifiable concentrate, and Guthion spray concentrate (azinphos—-me-
thyl) are all recommended insecticides to control flea beetles after
plant emergence. These sprays can be used by themselves but the crop
protection provided is limited. "Several spray applications would be
necessary to provide adequate protection, particularly since the crop

23

may emerge over a period of several days. The sprays may also be used

to enhance the effectiveness of the carbofuran and lindane treatments.

21 gaskatchewan Department of Agriculture, Plant Industry Branch, "List

of Seed Treatment Products for Use on Cereal and Oilseeds" (Regina,
Saskatchewan, 1980).

22 p Y. Westdal and W. Romanow, "Reduce Losses in Rapeseed," Manitoba

Cooperator: Manitoba Crop Management Issue 1981 (March 5, 1981), p.
44,

23 Ibid.
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The seven treatment possibilities studied in this analysis are listed
below:
1. No insecticide treatment;
2. Furadan granular;
3. Furadan granular plus lindane seed treatment;
4, Furadan granular plus Supracide foliar spray;
5. Lindane seed treatment;
6. Lindane seed treatment plus Supracide foliar spray; and

7. Furadan foliar spray.

These options were studied because they are recommended strategies for
the control of flea beetles on rapeseed. The research data developed to
test the relative effectiveness of the chemicals are used as the basis
of the analyses. Each of the control strategies, their recommended
rates of application, and 1981 cost of application are listed in Table

3.1,

3.2.2 Insecticide Dosage Response Functions

To develop dosage response functions, experimental plot data were an—
alyzed for both single and combined insecticide treatments. The term
‘dose’ refers to the rate of active ingredient per unit applied for a
particular control strategy. Hillebrandt defined the dosage response
curve as: "a curve showing, for various doses of pesticide, the yield
w2b

of crop which is attributable to the application of the pesticide.

The following analysis contains the three types of insecticides utilized

24 Hillebrandt, op. cit., p. 464.
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Table 3.1

Control Strategies for Flea Beetle Infestations
on Rapeseed

Control Strategy and Rate of Timing of 1981 Cost Per
Active Ingredient Application Application Hectare*

l. No insecticide - -

2. Furadan granular

0.280 kg.ai./ha. at planting $13.664
3. Furadan granular

0.280 kg.ai./ha. at planting

plus

Lindane seed treatment

18 gm.ai./kg. of seed at planting $18.210
4, PFuradan granular

0.280 kg.ai./ha. at planting

plus

Supracide foliar spray 7 to 10 days after

140 gm.ai./ha. crop emergence $18.057
5. Lindane seed treatment

18 gm.ai./kg. of seed at planting $4.546
6. Lindane seed treatment

18 gm.ai./kg. of seed at planting

plus

Supracide foliar spray 7 to 10 days after

140 gm.ai./ha. crop emergence $8.939
7. Furadam foliar spray 7 to 10 days after

110 gm.ai./ha. crop emergence $4.095

*Prices of insecticides and application costs are explained in
Appendix B.
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on two species of rapeseed to control flea beetle infestations. The
chemicals which are assessed include: carbofuran granules, lindane-
based seed treatments, and carbofuran post—emergence sprays.

Initially, the chemicals were to be studied on the basis of the par-
ticular type of rapeseed. However, this analysis shows that the insec-
ticide dosage responses are equal between the two species of rapeseed.
In statistical terms, based on the number of available observations, the
mean yield responses resulting from insecticide treatments of equal dos-
age were found to be equivalent between the various licensed varieties

of the two species: Brassica campestris and Brassica napus.

3.2.2.1 Carbofuran 5 Percent Granular

Carbofuran observations were obtained from experimental plot data and
were ranked according to the chemical active ingredient application
rates. In some instances, certain experimental results were deleted
from the data set. Experiments, or sample observations within experi-
ments, were discarded where seeding rates were inconsistent with proper
management practices.26 Experiments were also discarded if they were in-
ordinately different from results in general. Inordinately different
results would be negative or very extreme positive percentage yield net
gains as compared with the average. Negative yields would indicate a

phytotoxic effect on the plant when few flea beetles are present, or

25 For a detailed description of the estimation procedures, data list-

ings and averaging, chemical aggregation procedures, function alter-
natives, as well as the statistical comparison between the responses
on the two types of rapeseed, see Appendix C.
26 For the pertinent recommended agronomic practices for rapeseed pro-
duction, see Appendix D.
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something inconsistent occurring to the system of plots as the growing
season progresses. Very extreme positive net gains result from the con-
trol or untreated plot being destroyed so any small yield increase re—
sulting from an insecticide application would be exaggerated when put
into percentage terms.

On a theoretical basis, it was decided that the estimated dosage re-
sponse curves should be fitted through the origin. The reasoning for
this is that if no insecticide were applied to a particular plot, there
should be no difference in the resulting yield from the yield obtained
on a check plot. 1In other words, it is assumed that the chemical appli-
cation is the only factor which could affect a yield change. All other
factors are assumed to be constant. The curve could intersect along the
horizontal (chemical rate) axis to the right of the origin, but no data
has been produced which might give some insight as to what that thresh-
old might be. Using the SHAZAM computer program for econometric methods
and the chosen log—linear equation estimation, the estimated line could
not be forced through the origin.27 A dummy point (0.001, 0.001) was
added to the data so the line would approximately be fitted through the
origin.

The chosen form of the dosage response function is of the form:
y=a+Dbln x
where:

y = the percent increase in yield over a control plot attributable
to the insecticide,

27 Kenneth J. White, "A General Computer Program for Econometric Methods
~ SHAZAM," Econometrica, 1978.
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X the rate of the insecticide application, and

a, b

the parameters of the estimated equation.

The result is as follows:

y = 58.665 + 8.6248 1In x

This is the estimated equation relating the percentage increase in
yield of rapeseed resulting from various carbofuran 5 percent granular
application rates. This average damage in any given year, although as-
sumed to result from a flea beetle infestation, is in reality caused by
a combination of factors such as soil and climatic conditions as well as
cultural practices. For example, in a dry spring flea beetle damage
would be exaggerated because chemical treatments are not as effective
under low soil moisture conditions. In addition to the average curve,
curves relating to high and low flea beetle infestations were also esti-
mated. Because of the combination of causal factors the curves are re-
ferred to as insecticide dosage response functions under high, average
and low damage conditions. The high and low damage curves were estimat-—
ed to provide a range of insecticide effectiveness. The estimation was
done by taking the same slope of the curve as estimated for the average
damage and plotting the lines through the averaged high and low observa-
tions at the most widely used application rate of 0.280 kg.ai. per hec-
tare. Table 3.2 presents the resulting carbofuran dosage response func-
tions. Although the recommended rate ranges from 0.224 to 0.280 kg.ai.
per hectare, the higher rate was used because about one-third of the
carbofuran experiments were performed at this rate. The increases in

rapeseed yield resulting from the carbofuran granular application over
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Table 3.2
Furadan 5G Dosage Response Functions and the Percent

Increases in Yield at the Recommended
Application Rate of 0.280 kg.ai./ha.

Percent Increase in

Damage Yield Over Control

Level Equations and Coefficients Plots

High YH = 118.74907 + 8.6248 1n x 107.8

Average YA = 58.665 + 8.6248 1n x 47.7 (R2 = 0.8513)
(*) (**)

Low YL = 30.896574 + 8.6248 1n x 19.9

*, **Gignificance of the parameters at the 1 and 2 percent levels,
respectively.
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application over an untreated plot are 107.8, 47.7, and 19.9 percent for
the high, average, and low damage levels, respectively. This analysis
was constrained to use the same slope for all three dosage response
functions because of a low number of sample observations at chemical ap-
plication rates other than rates that are recommended. The dosage re-
sponse functions relating to the three levels of damage are plotted in

Figure 3.2.

3.2.2.2 Lindane Seed Treatments

The process of deriving the lindane seed treatment dosage response
functions was similar to that of the carbofuran granular. The observa-
tions were obtained from the same data source and as stated earlier,
certain experiments and results were discarded for similar reasons. The
curve estimation for the lindane chemicals, as with carbofuran, uses a
dummy observation (0.001, 0.001) in the data source, so the estimated
curve will be fitted approximately through the origin. The high and low
damage curves were estimated about the average curve in a method similar
to carbofuran. At the experimental application rate of 15.50 gm.ai. per
kilogram of seed, the high and low yield observations were averaged.
About one-~half of the lindane experiments were performed at this rate,
therefore, low and high yields could be estimated. At the recommended
application rate of 18.0 gm.ai. per kilogram of seed no plot experiments
were performed, however, yield increases as estimated from the response
functions were reported at this recommended rate. The slope of the-
curve estimated for the average level of damage was held constant be-

cause of data limitations, and curves were plotted through the averaged
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high and low observations. The three estimated lindane seed treatment
dosage response functions are listed in Table 3.3. The percentage in-
crease in yield of the lindane treated plots over the untreated plots
was determined to be 60.18, 22.22, and 10.93 percent for the high, aver-
age and low damage levels, respectively. The lindane seed treatment
dosage response functions at the three damage levels are plotted in Fig-

ure 3.3.

3.2.2.3 Carbofuran Foliar Spray

The derivation of the carbofuran spray dosage response functions fol-
low the same process as the lindane seed treatments and the carbofuran
granular. With one-third of the plot experiments performed at each of
70 and 150 gm.ai. per hectare recommended application rates, yield in-
creases were taken at the averaged 110 gm.ai. per hectare application
rate. The estimated functions are listed in Table 3.4. The percentage
increase in yield resulting from the spray application, over the control
plots, was 40.59, 25.44, and 14.90 percent for high, average and low
damage conditions, respectively. The estimated curves are graphed in

Figure 3.4,

3.2.2.4 Insecticide Combinations

When the chemical control of flea beetles is practiced on rapeseed,
the utilization of combinations of two insecticides is possible. The
chemical combinations analyzed in this thesis are as follow:

1. Furadan granular plus lindane seed treatments;

2. Furadan granular plus a post—emergence spray; and
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Table 3.3
Lindane Seed Treatment Dosage Response Functions

and the Percent Increases in Yield at the
Recommended Application Rate of 18 gm.ai./kg of seed

Percent Increase in

Damage Yield Over Control
Level Equations and Coefficients Plots
High YH = 53.82286 + 2.1981 1n x 60.18
Average YA = 15.868 + 2.1981 1n x 22.22 (R? = 0.3629)
(*) (*%)
Low YL = 4.5766738 + 2.1981 1n x 10.93

%, **%*Gjignificance of the parameters at the 2 and 10 percent
levels, respectively.
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Table 3.4
Carbofuran Foliar Spray Dosage Response Functions

and the Percentage Increases in Yield at the
Recommended Application Rate of 110 gm.ai./ha.

Percent Increase in

Damage Yield Over Control
Level Equations and Coefficients Plots
High YH = 30.3314 + 2.1814 1n x 40.59
2
Average YA = 15.190 + 2.1814 1In x 25.44 (R = 0.9884)
(*) (*)
Low YL = 4.6414 + 2.1814 1n x 14.90

*Significance of the parameters at the 1 percent level.
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3. Lindane seed treatment plus a post—emergence spray.

The analysis of response functions for insecticide combinations is con-
strained because of data limitations. The experimental observations
that did exist analyzing the combination of insecticides were not per-
formed under similar conditions. As well, the scarcity of observations
made the curve estimation impossible. The additions to rapeseed yield
caused by the three alternative insecticide combinations were taken from
one experiment performed in 1977 on B. napus rapeseed.28 The foliar
post—emergence spray utilized was Supracide 25 percent emulsifiable con-
centrate (methidathion) which may be substituted for the carbofuran 4.8
flowable foliar spray at a higher application rate.29 Methidathion has a
moderate toxicity while carbofuran 4.8 flowable is highly toxic.30 Al~-
though the entire dosage response functions could not be estimated, the
percent additions to yield over the single insecticide treatments were
calculated from this particular experiment. The percent yield additions
from the chemical combinaéions were added to the percent increase in
yields estimated, at the recommended application rates, for the single

treatment dosage response functions.

28 P.H. Westdal, W. Romanow and W.L. Askew, '"Comparison of the Effects

of Different Insecticides, Applied for the Control of the Crucifer
Flea Beetle on Rape, on Beetle Numbers, Plant Injury, Development and
Yield," in Pesticide Research Report, compiled annually by the Expert
Committee on Pesticide Use in Agriculture (1977), pp. 153-154.

29 Manitoba Department of Agriculture, Entomology Section, Technical

Services Branch, 1981 Manitoba Insect Control Guide (Winnipeg, Mani-
toba), p. 32.

30 Manitoba Department of Agriculture, Entomology Section, Insecticide

Handbook: for Manitoba Pesticide Dealers and Applicators (Winnipeg,
Manitoba, 1980), pp. 23 and 28.

31 See Appendix C for the procedures of Insecticide Dosage Response es—

timates.
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The assumption is made that the percentage yield additions estimated
for the insecticide combinations would hold constant for each level of
dosage. This assumption was made because of insufficient test results
to indicate either an increasing or decreasing increment in yield to the
primary insecticide treatment as the level of damage increases. For ex~
ample, using carbofuran granular plus a foliar spray at any given level
of damage, the spray augments the carbofuran response by 0.8307 percent.
A comparable value was calculated for the carbofuran granular plus lin-
dane seed treatment and the lindane seed treatment plus a foliar spray
options.

The percentage increases in yield for the insecticide combinations
over untreated plots are listed in Table 3.5 for the low, average and
high dosage levels. The carbofuran granular in combination with the
lindane seed treatment is estimated to be approximately equivalent to
the combination of carbofuran and a foliar spray. The equivalence is in
terms of dosage response, not necessarily cost effectiveness. For exam-
ple, the yield increases may be almost equal for the control strategies,
however, the cost to the producer varies and must be accounted for in

the decision framework.

3.2.2.5 Summary and Application of the Insecticide Response Functions
The estimated log—-linear dosage response functions for the three dam-
age levels for each insecticide strategy take the form as graphically

illustrated in Figure 3.5. The curves at the recommended application
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Table 3.5
Percentage Yield Increases of Treated Plots Over

Control Plots for the Insecticide Combinations
Applied at Recommended Rates

Damage Furadan Plus Furadan Plus Lindane Plus
Level Lindane Foliar Spray Foliar Spray
Low 20.73 ' 20.72 23.93
Average 48.53 48.52 35.22

High 108.63 108.62 73.18




Percent Increase in Yield: of the Treated
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rate show, for each level of damage, the percentage increase in yield of
the treated plots over the control plots. The damage conditions refer
to the combination of cultural, climatic and agronomic conditions which
may exaggerate the true extent of the flea beetle densities. This pack-
age of damage conditions may be referred to as the state of nature.

For the purpose of this analysis it has been assumed that the per-
centage increases in yield for any insecticide treatment is equal to
zero at very low or very high damage states of nature. For example, un—
der very low damage conditions, or state of nature, the chemical has
nothing to react upon to effect an increase in yield. Similarly, at a
very high damage state of nature the density of the pest population is
so great that no amount of insecticide could counteract the destruction
of the entire rapeseed crop.

When the rate of insecticide application is held constant, as a re-
commended rate, the percent yield responses increase as the intensity of
the damage conditions increase. For example, the change in yield re-
sulting from a chemical treatment under average damage conditions is
less than the change in yield that results under high damage conditions.
Thus, insecticides are most effective under high damage conditions.
However, at some level of damage greater than the assumed high level the
effectiveness of the insecticides decrease. The density of insects per
plant is so great that crop destruction occurs with any control strat-
egy.

From each of the dosage response curves a percent increase in yield
of treated plots over untreated may be obtained for each insecticide ap-

plied at the recommended rate. The three chemical combination yield
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increases were extrapolated from a single experiment, as mentioned pre-
viously. Table 3.6 presents a summary of the effects of various flea
beetle insecticide treatment possibilities for five damage states of na-
ture. Development of these five damage states of nature is discussed in
the next section of this chapter. The =zero entries in the first and
last rows of the table indicate no increases in yield over an untreated
plot for the very low and very high damage conditions. At the very low
damage level, the flea beetle populations are not a problem and the ap-
plication of any insecticide does not enhance yield. Under very high
damage conditions, both the treated and untreated plots are destroyed
because of the severity of the infestation. The table indicates that
the highest overall percentage increases in yield result from Furadan
applications, which are enhanced by a combination of lindane or a spray.
Under low damage conditions, the combination of a lindane seed treatment
and a spray is most effective. Under medium and high damage conditionms,
single applications of lindane or a spray produce yield increases but

generally at lower percentages than other treatments.

3.2.3 Flea Beetle Population Densities

The assessment of the damage resulting from flea beetle population
densities has fluctuated widely over the past number of years. It ap-
pears that the level of rapeseed damage is caused by a number of fac-

tors, with flea beetle population densities being only one of these fac-

tors. Other factors which may affect damage 1levels are: soil

temperature and moisture, winter severity, flea beetle densities in the

previous fall, climatic conditions at the time of planting, and cultural
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practices of the rapeseed producer. Besides having a great effect on
the stand of rapeseed, these factors also greatly influence the flea
beetle population. It is the adult flea beetle population which is dor-
mant over the winter and attacks the newly emerged rapeseed plants in
the spring. The winter severity and fall population determines the num-
ber of flea beetles in the spring. For the purpose of this analysis, it
is not only the producer’s expectations of flea beetle densities that
matters but the entire spectrum of variables which may intensify the ef-
fects of the flea beetle damage. Therefore, the population density
probabilities are in reality the producer’s subjective assessment of the
damage probabilities.

The probabilistic assessment of flea beetle densities is independent
of the chemical treatments. The insecticides do affect the level of
damage resulting from the flea beetle densities but not the probabilis-
tic expectations of the densities prior to the damage occurring. This
is because the population of flea beetles is regarded as being relative-
ly constant and the numbers that attack rapeseed are a small portion of
the total. The actual flea beetle densities or damage probabilities in
a historical sense are unquantified. It is thought that Manitoba rape-
seed producers consistently face average to high flea beetle densities.

Although quantitative surveys are lacking, populations of flea
beetles appear to have remained consistently high in the
southern part of the growing area for at least 10 years and

similar levels f abundance are now being reached in more
northerly areas.

32

W.J. Turnock and D.J. Samborski, 'Management of Plant Pests,'" a paper

prepared for the Prairie Production Symposium (Saskatoon, Saskatche-
wan, October 29-31, 1980), p. 19.
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In this study, a range of flea beetle populations or damage states of
nature is assumed with five graduations from very low to very high.
Three probability distributions were postulated to provide a sensitivity
analysis with the actual distribution being unknown. The postulated
distributions are shown in Figures 3.6, 3.7 and 3.8.

The distributions approximate a triangular distribution which would
measure low, average and high damage expectations. Each of the distri-
butions has its high probability value set at 40 percent. For the sen-
sitivity analysis this high probability is set at each of the low, aver-

age and high levels thereby providing a range of distribution skewness.

3.2.4 Rapeseed Yields

Rapeseed yields vary considerably from year-to-year for reasons other
than flea beetle densities. The producer has to consider in his future
expectations the less than optimal crop yields which may result due to
an undesirable damage state of nature. Since it is unknown exactly what
particular yield would result under specified damage conditions or
states of nature, two ranges of possible yields have been considered for

each of the two rapeseed species, the two rapeseed species being Brassi-

ca napus and Brassica campestris. The two yield ranges, a lower and
higher, are used because of the differences in yield that result due to
geographic location and cultural practices.

The yields within the B. napus species of rapeseed wefe calculated by
assuming five equivalent graduations between zero and the postulated
high yields of 30 and 35 bushels per acre to formulate the two yield

ranges. It has been shown that B. campestris rapeseed yields one-third
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to one-quarter less than the B. napus species. The Manitoba Co-opera-
tive Tests arrive at the conclusion that the difference is 33.125 per-
cent based on a three year average.33 From the respective lower and
higher yield ranges postulated for B. napus yield ranges were calculated
for B. campestris using the above percentage difference as a conversion
factor. The yield ranges are listed for the two rapeseed species in Ta-
ble 3.7.

The yields ranging from very high to very low result from very low to
very high damage states of nature, respectively. For example, the very
low yield of =zero resulés from a very high damage state of nature.
These yields are assumed to occur under conditions where no insecticide
treatment was used. In other words, if this were an experimental plot
system under consideration, these yields would occur on the untreated
control plots at the various damage states of nature.

Percentage increase in yields resulting from a chemical application
were estimated for each insecticide and combination of insecticides at
the recommended application rates from the dosage response functions.
It was assumed that under very low damage conditions, very high rapeseed
yields result and any amount of insecticide applied would not further
increase the yields. At very high damage conditions the resulting yield
would approach =zero and any insecticide appliéd could do nothing to
change this because of the extremely high population densities. Tables
3.8 through 3.11 show the rapeseed yields resulting from insecticide
treatments at different levels of damage. The yields are listed for

both species of rapeseed at two possible yield ranges.

33 See Appendix E for the Manitoba rapeseed yield comparative tests.
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Table 3.7

Rapeseed Yields With No Insecticide Treatment

B. napus B. campestris
Yield ———— e e
Level Low Yield High Yield Low Yield High Yield
Range Range Range Range

ccsscssssccesccssseLONNES pPer hectaree.eeececeecoccsscsoss

Very high 1.681 1.962 1.124 1.312
High 1.261 1.471 0.843 0.984
Medium 0.840 0.981 0.562 0.656
Low 0.420 0.490 0.282 0.328
Very low 0.0 0.0 0.0 0.0
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From the previous tables, several generalizations result. At very
low and very high damage levels, insecticide treatments do no better
than the untreated strategy. At the low damage level, the highest
yielding strategy is the lindane seed treatment plus a foliar spray.
Without taking chemical costs into account the Furadan plus lindane and
Furadan plus a foliar spray combinations appear to be the highest yield-
ing strategy under average and high damage conditions. These Furadan
combinations yield only slightly better than Furadan as a singular

treatment.

3.2.5 Rapeseed Prices

To estimate what rapeseed prices would be in 1981 a linear ordinary
least squares extrapolation was done on annual price data for the years

4 This linear estimate was assumed to be an average

1960 through 1979.°
level for producer expectations. High and low expectations were derived
by taking a one standard deviation interval on either side of the esti-
mated average line. The high, average and low price expectations pro-
vide a means of analyzing price sensitivity of the expected value re-

sults. The estimated price equations, coefficients and estimates are

listed in Table 3.12.

34 See Appendix F for the rapeseed price data summary and the estimation

procedures.
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Table 3.12

Rapeseed Price Equations

Price

Level Equations and Coefficients 1979 1980 1981
cssesssoed PEY LONNEeveecccos

High Y = -23 325.472 + 11.948 x 319.610 331.568 343.516

Medium Y = -23 373 + 11.948 x 272.092 284.040 295.988

Low Y = =23 420.528 + 11.948 x 224,564 236.512 248.460
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3.3 MODEL SUMMARY

The conceptual model formalized in the first section of this chapter
sets out the relevant components of the rapeseed flea beetle decision-
making model which are analyzed in this thesis. The producer bases the
pest control decision on the available inputs of production, the expect-
ed level of pest damage and the effectiveness of the available control
strategies. Given the producer’s subjective evaluation of the pest pop-
ulation and the firm’s operating objectives, pest control measures are
utilized to optimally reduce crop losses. The control measures tested
are the seven insecticide pest control strategies including the option
of no control. The effectiveness of these strategies to reduce flea
beetle damage is calculated by way of the insecticide dosage response
functions. The rapeseed yields resulting from the various flea beetle
damage states of nature are estimated for the two species of rapeseed
grown in Manitoba.

With probabilities for flea beetle damage states of nature given, as
well as the particular control strategy utilized, the cost of insecti-
cide control and rapeseed prices, and the type of rapeseed grown, a de-
cisipn theoretic pay-off matrix may be used to calculate the producer’s
expected monetary returns. Given the farm firm’s operating objective of
profit maximization, a pest control strategy may be chosen to accomplish
this. For the purpose of evaluating the sensitivity of the different
components of the flea beetle control decision, a range of flea beetle
population probability distributions, rapeseed prices, and rapeseed -
yields resulting from the various insecticide strategies were incorpo—

vated into the analysis.



Chapter IV

PRESENTATION AND DISCUSSION OF EMPIRICAL RESULTS

4.1 INTRODUCTION

This chapter presents a summary of the empirical results estimated
for the decision model specified in Chapter I1I. The chapter is divided
into three sections. The first section summarizes and illustrates in a
decision tree format the components which make up this insecticide deci-
sion-making model. The second section is a presentation and discussion
of a pay—off table for each of the two species of rapeseed, under compa-
rable price and damage conditions, typifying the results calculated in
the analysis. The final section is a summary of the expected net re-
turns computed from the pay-off tables. These expected net return fig-
ures represent the results of the sensitivity analyses performed on the

various components of the decision model.

4.2 INSECTICIDE DECISION-MAKING MODEL

The components of the insecticide decision-making model are illus-
trated in a logical decision tree format in Figure 4.l1. This decision
tree describes, in sequence, the process by which the profit maximizing
objective may be attained. Given that rapeseed is to be grown, the pri-
mary production decision is the choice between the two species. The de-

cision hinges mainly on the date of seeding.35 Although experimental

35 See Appendix D for recommended cultural practices of rapeseed.
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results suggest that flea beetles are indifferent between species, the
resulting yields are different. For example, the percentage reduction
in yield is equivalent for both species under comparable conditions,
however, the B. campestris varieties yield about one-third less than the
B. napus varieties. The advantage of B. campestris is the fact that it
requires fewer days to mature.

The second decision that the produger faces is the choice among the
seven alternative flea beetle control strategies. The optimal choice is
determined by analyzing the expected returns resulting from the proba-
bilistic states of nature at a given price level. The selection of the
optimal control strategy is based on the maximization of expected mone-
tary net returns. There are five main components of this decision pro-
cess which could affect the final outcome. The factors which may change
the choice of the control strategy are: the type of rapeseed grown,
chemical prices and application costs, effectiveness of the chemicals
used, price of the final product, and the state of nature or damage lev-
el present in the system.

The type of rapeseed grown, as discussed earlier, is decided solely
on the basis of the number of frost—free growing days remaining at the
date of seeding. However, the B. napus species of rapeseed has greater
yields than the B. campestris species, therefore the monetary returns
resulting are greater. Although the percentage of the crop lost between
rapeseed species is equal for a given state of nature, the monetary re-—

turns lost would be proportionately greater for the B. napus species.

The possibility exists that a different optimal control strategy may be

selected for B. napus because the expected monetary losses under no
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control are much greater than the losses suffered by the B. campestris
species.

Chemical prices and application costs are an important factor in the
determination of the optimal control strategy. If costs of a particular
strategy increase relative to another equally effective strategy, the
optimal profit maximizing strategy would be to select the insecticide
which costs the least.

The effectiveness of the insecticide strategies were determined from
the respective insecticide dosage response functions at the recommended
application rates. ©Each insecticide’s effectiveness was measured in
terms of a percentage increase in yield over an untreated plot under
comparable damage conditions. Five levels of damage conditions were as-
sumed and rapeseed yields resulting from each insecticide strategy were
calculated. Because the calculations were performed as a percentage in-
crease in yield, a starting point was needed for yields obtained from an
untreated plot for the assumed states of nature. Since actual yields
could not be accurately determined from the available data, two yield
ranges were taken for comparative purposes. From these untreated yield
ranges, the yields resulting from the various insecticide control strat-
egies were calculated.

Rapeseed yields are important in the decision process because they
may be multiplied by a probability of occurrence and the price of the
final product to formulate an expected return for each strategy. For
example, the application of an insecticide was assumed to result in a
particular yield for each of the five possible states of nature. These

yields, when multiplied by the probability for the states of nature,
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result in an expected yield. This figure may then be multiplied by the
price of the product less the costs of the chemical and application to
give the expected net revenue. This is done for each control strategy
and the optimal chosen maximizes the expected net revenue.

The price of the final product was estimated by ordinary Ileast
squares regression. Since the price of the product is an important fac-
tor in the decision process in terms of the producer’s expectations for
the future, three price possibilities were given to provide a sensitivi-
ty analysis. The optimal control strategies are determined from the ex-
pected net revenues resuiting from each of the high, medium and low
price conditions.

The state of nature probabilities were the most difficult factor to
quantify and are the most important component in the formulation of ex-
pected net revenues. The entire decision-making process depends upon
representative probabilities for an optimal strategy to be selected. 1f
the damage states of nature were known with certainty there would be no
need for this type of decision analysis. For example, if the probabili-
ty of a very low damage state of nature were 100 percent, no insecticide
should be used because the flea beetle densities are insufficient to
cause a yield reduction. Similarly, a 100 percent probability of a very
high damage state of nature indicates that no insecticide should be used
because the flea beetle densities are so intense that the crop would be
lost at any application rate.

The three states of nature more in line with actual damage conditions
are the low, average and high levels of damage. Each state of nature

utilizes an insecticide strategy to reduce damage, however, the
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prediction of a 100 percent probability for a particular state of nature
to exist 1is not plausible. A wide range of cultural, climatic, and en-
vironmental conditions affects the flea beetle population dynamics, thus
three probability distributions were utilized to provide a sensitivity
to the results. Based on historical and subjective information about
the probabilities, the three distributions were skewed to the low, aver—
age and high damage states of nature, respectively, with the very low
and very high levels of damage limited to 5 percent probability of oc-

currence.

4.3 INSECTICIDE PAY-OFF TABLES

The following is a discussion of the results contained within the in-
secticide pay~off tables. Representative pay—-off tables, one for each
species of rapeseed under similar product price and flea beetle damage
conditions, are presented.36 Tables 4.1 and 4.2 contain the revenues per
hectare net only, of the flea beetle control costs per hectare attained
for B. napus and B. campestris species of rapeseed under medium price
conditions and an average damage distribution.

From these tables, several characteristics exist which are common to
the 18 combinations of sensitivity analyses performed on each of the ra-
peseed species. The lSkEombinations were comprised of two yield ranges
for each species of rapeseed, three damage state of nature probability
distributions, and three price levels. The most significant outcome of
the analysis is the ranking of importance of the insecticide control

strategies within each table. Under any given price condition, with the

36 See Appendix G for a complete listing of the pay-off table results.
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state of nature probability distribution skewed toward low, average or
high levels of damage, and both species of rapeseed for two yield ranges
there exists no change in the ranking of the pay-offs resulting from the
various control strategies. At the very low damage state of nature, the
preferred strategy is the do nothing approach with the remaining strat-
egies being ranked lower as costs of application increase. For a low
damage state of nature, the lindane plus foliar spray strategy provides
the highest return, with the singular application of Furadan granular
second, and Furadan in combination with either lindane or a spray re-
sulting in the third highest net return. In both the average and high
damage states of nature, the single application of Furadan granular is
the preferred strategy, followed secondly by the Furadan in combination
with lindane or a foliar spray. The do nothing strategy is again pre-
ferred for the very high damage state of nature with the other strat-

egies ranked according to the lower costs of application.

4.4 SUMMARY OF EXPECTED NET RETURN RESULTS

Each pay~off table indicates expected returns net of chemical and ap-
plication costs for the seven flea beetle control strategies. The ex-
pected net returns are summarized from the sensitivity analyses per-
formed on: rapeseed yields, ©prices and probability of damage
distributions. Tables 4.3 and 4.4 refer to the B. napus species of ra-
peseed low and high yield ranges, respectively, while Tables 4.5 and 4.6
correspond to the B. campestris species low and high yield ranges, re-

spectively.
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For illustrative purposes there corresponds to each tabled summary of
expected net revenue results a set of bar graphs showing for the three
levels of damage distribution skewness the expected net revenues result-
ing at the medium price level. Figures 4.2 and 4.3 refer to the B. na-
pus species of rapeseed low and high yield ranges, respectively, while
Figures 4.4 and 4.5 refer to the B. campestris species of rapeseed low
and high yield ranges, respectively.

The major characteristic common to each pay-off table calculated is
the ranking of the optimal insecticide strategies. Optimal refers to
the strategy which provides the greatest expected net returns. These
returns are net only of the insecticide and application costs, ignoring
the other costs of production, since these are constant for all control
strategies. The optimal strategy for every pay—-off table was the Fura—
dan 5 percent in-furrow granular treatment. The remaining strategies
are ranked according to the greatest net return. Rapeseed yields were
higher with the second ranked Furadan granular in combination with a
post—emergence spray, however the additional cost of the spray applica-
tion was greater than the resulting benefits. A similar outcome was ob—-
served for the third ranked Furadan granular and lindane seed treatment
combination. The lindane and post—emergence foliar spray combination
ranked fourth. The spray by itself ranked fifth with the lindane seed
treatment sixth. However, when the probability of damages distribution
is skewed toward high damages at any price level, the rankings of the
lindane seed treatment and the spray alternatives are reversed. The’
least desirable, or the strategy which provided the lowest return net of
insecticide and application costs, was the do mnothing flea beetle

control strategy.
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Expected net returns resulting from the seven flea beetle control
strategies are analyzed for the B. napus varieties of rapeseed are pre-
sented in Table 4.3. The sensitivity of the results presented in this
table are from the low yield range for the three proposed probability
distributions and three rapeseed price levels. For the damage probabil-
ity distribution skewed toward low damage, under low rapeseed price con-
ditions, the highest expected net return resulted from the single appli-
cation of Furadan. The expected net return was calculated to be
$293.445 per hectare, which represented a net increase of $63.682 over
the receipts received from the do nothing control strategy for a $13.664
per hectare insecticide application. This expected net increase in in-
come resulting from the optimal Furadan granular application, as com-
pared with the least desirable do nothing strategy, rose by $78.477 and
$93.272 per hectare under medium and high price conditions, respective-
ly.

Under conditions where ﬁhe probability distribution was skewed toward
average damage, the expected net returns were less than the returns re-
ceived under low damage skewness. However, when compared with the do
nothing strategy, the benefits received from the optimal application of
the Furadan granular insecticide increased. For example, moving from
low to medium damage skewness under low price conditions, the expected
net return is reduced by $14.647 to $278.798 per hectare for the Furadan
granular application, but the expected net benefit over the do nothing
strategy increased by $6.236 per hectare. A further reduction in net
returns results for the Furadan application under high damage skewness,

but the net benefits of the insecticide application increase when
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compared with the greater losses incurred by the do nothing strategy.
The expected net benefits of the Furadan application over the do nothing
strategy for high damage skewness, and low, medium and high prices were
$73.720, $90.435 and $107.150 per hectare, respectively.

Table 4.4 provides a listing of the expected net return results for
the B. napus varieties of rapeseed for the high yield range. The ex-
pected net returns for Furadan under low, average and high damage skew-
ness are $51.220, $48.786 and $45.953 per hectare greater than at the
low yield range and low price conditions. Under medium price condi-
tions, the expected net returns are $61.018, $58.117 and $54.743 per
hectare greater for the Furadan strategy for the high yield range. At
the high price level, these figures are again increased to $70.816,
$67.449 and $63.534 per hectare for the low, average and high damage
skewness, respectively.

Furadan, at the low damage skewness and low price level, had an ex-
pected net return of $344.665 per hectare which was $76.626 per hectare
greater than the do nothing strategy. As the damage probability distri-
bution shifts to the average and high skewness, the expected net returns
decrease to $327.584 and $307.645 per hectare, respectively, at the low
price level. However, the benefits of the Furadan strategy increase
when in comparison to the do nothing strategy. The expected per hectare
benefits are $76.626, $83.907 and $88.354 under low price conditions,
low, average and high damage distribution skewness, respectively. These
benefits increase under medium and high price conditions. For medium
prices, the net benefits are $93.898, $102.571 and $107.869 per hectare.

Under high price conditions, the net benefits of the Furadan compared
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with the do nothing strategy increase to $111.170, $121.235 and $127.384
per hectare for low, average and high damage skewness, respectively.

Table 4.5 includes the expected net return summary of the analyses
performed on the low yield range of the B. campestris species of rape-
seed. For the low, average and high damage skewness and low price con-
ditions, the Furadan expected net returns are $191.763, $181.986 and
$170.644 per hectare, respectively. These returns increase to $231.059,
$219.412 and $205.900 per hectare for the low, average and high damage
skewness, respectively, under medium price conditions. Under high rape-
seed prices for the three damage distributions the Furadan expected net
returns are $270.355, $256.838 and $241.156 per hectare. The expected
net benefits of the Furadan strategy as compared with the do nothing
strategy are $38.115, $42.289 and $44.873 per hectare for low, average
and high damage skewness at the low price level. These expected net
benefits increase to $48.020, $52.993 and $56.071 per hectare for the
medium price level. At the high price level, the expected net benefits
are $57.925, $63.696 and $67.268 per hectare.

Table 4.6 is the listing of the results calculated from the high
yield range of the B. campestris species of rapeseed. The optimal Fura-
dan expected net returns are $226.026, $214.596 and $201.279 per hectare
for the low, average and high damage skewness, respectively, for the low
price level. These returns increase to $271.876, $258.260 and $242.395
per hectare under the medium price conditions. The highést net returns
within each damage distribution skewness was at the high price level.
These expected net returns are $317.726, $301.924 and $283.512 per hec-

tare. The expected benefits of the Furadan strategy, as compared with
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the do nothing strategy, are greater for the high yield range. The ben-
efits increase as the rapeseed price level increases and as the damage
level becomes skewed toward high damage. The expected net benefits of
the Furadan application for the low price level are $46.737, $51.606 and
$54,588 per hectare at the low, average and high damage skewness, re-
spectively. At the medium price level, the expected net benefits are
$58.29l,_$64.092 and $67.644 per hectare. These benefits increase to

$69.845, $76.577 and $80.700 per hectare at the high price level.

4.5 SUMMARY AND IMPLICATIONS

The empirical results presented in this chapter resulted from the in-
secticide decision problem, the components of which were specified in
Chapter III. The flea beetle control decision process that the producer
faces is illustrated in a decision tree format. The results presented
in this chapter are grouped into two sections. The first section is an
example of the pay-off tables estimated for each of the two species of
rapeseed. These tables are representative of the pay—off tables used to
calculate the expected net return results summarized in the second sec-
tion.

An attempt was made to provide a measure of the cost effectiveness of
the various insecticide strategies in terms of a benefit/cost ratio com-
parison. Although the calculation of the ratio was made for each strat-
egy, the comparisons between strategies were not valid. The limitation
which affected the validity was the use of the insecticides at the pro-
vincially recommended application rates. These recommended rates were

set as a function of the biological responsiveness of the insecticides.
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The limitation invalidated the premise that the strategy that maximized
the benefit/cost ratio, or the net returns per dollar invested, also
maximized net returns possible for the same area of land. For example,
the benefit/cost ratio for one strategy may be greatest for the strategy
that has a less than optimal expected net return, because the insecti-
cide may not be applied at rates greater than recommended. Therefore,
an upper limit is set for the return expected. It is not known if the
benefit/cost ratio holds true for multiple applications of the insecti-
cide. It would perhaps be useful to consider insecticide strategies at
which equal costs may be incurred, so comparison of the benefit/cost
ratios between strategies would not be impaired by the recommended rate.
However, the recommended rates were set for other than economic consid-
erations, and social and environmental costs may be more important at
greater than recommended rates. It is in the producer’s best interest
to maximize his net return per area planted rather than per dollar in-
vested as measured by a benefit/cost ratio, because of the upper limit
of the number of dollars that may be invested per area on certain insec-
ticides.

The implications of this analysis suggest that based on the plot
data, rapeseed prices and flea beetle probability of damage distribu—
tions utilized, the optimization of producer returns occurs when the Fu-
radan 5 percent in-furrow granular insecticide is used. However, with
better information concerning the nature of the flea beetle population,
it is plausible that the probability of damage distributions could be
revised. For instance, as the probability of a population approaches

100 percent, different control strategies would be implemented to
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maximize expected net returns. Under very low and very high damage
conditions, no insecticide would be advised. At low damage conditions,
lindane in combination with foliar spray would maximize returns. Fura-
dan granular would be recommended for the average and high damage condi-

tions.



Chapter V

SUMMARY AND CONCLUSIONS

5.1 SUMMARY

The problem studied in this thesis is the economic evaluation of the
effectiveness of available flea beetle control strategies. Three main
objectives were defined in stating the problem. The objectives were:
to review the pertinent theories of insecticide use, to estimate rape-
seed yield responses resulting from particular insecticide strategies by
analyzing the available experimental plot data, and finally, to incorpo-
rate the above information into a form by which an insecticide strategy
may be optimally chosen under various price and damage condition esti-
mates to maximize expected net returns. The following chapter is a sum-—
mary of the theoretical basis for optimal insecticide use and the meth-
odology which was utilized to estimate the expected net returns.
Limitations of the analysis and results, as well as implications for
further research are also discussed.

To fulfill the objective of reviewing the theories of insecticide use
which apply to evaluating the effectiveness of control of flea beetles
on rapeseed, a wide wvariety of articles were examined. The literature
review covered the theories of insecticide use from three perspectives.
The first regarded the classical economic optimality conditions for ef-
ficient resource use as the basis of analysis. Imperfect knowledge sur~

rounding the wuse of dinsecticides was recognized in the second

- 105 -
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perspective as an important consideration, and was included in analyzing
producer planning decisions. Given the uncertainties of pest control,
the final perspective is the presentation of the possibilities that in-
surance and information services would perhaps reduce unnecessary insec~
ticide applications to attain a socially preferred level of insecticide
use while maintaining the private optima. The private optimality con—
siderations are that a producer would likely reduce insecticide use giv-
en a certainty alternative which would make him no worse off.

Classical production theory describes the conditions for optimal in-
secticide use under conditions of certainty. When considering addition-
al successive increments of an input to the production process, holding
all other inputs constant, optimal input usage occurs at the point where
the value of the marginal product for the last unit of input added is
equivalent to the price or marginal cost of that input. The applica-
tions to optimal pesticide use were investigated by several people.
Hillebrandt defined the concept of a dosage response function which il-
lustrates the crop yield that results from various rates of a pesticide
application. Dosage response functions could be estimated for a partic-
ular level of pest infestation with the optimal dosage determined by the
slope of the dosage response function tangent to the slope of an output
price—input cost relationship. This price—cost relationship is deter—
mined by a number of factors. Hillebrandt investigated the possibili=-
ties of increasing and decreasing cost functions, and their effect on
optimal pesticide rates.

Headley utilized cross sectional data to determine if the use of pes-

a

ticides in agricultural production differed from the theoretical
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economic optimum. The conclusion was reached that, on average, a $4
marginal value product results from a $1 outlay for the pesticide in-
puts. Although the results of the analysis are in 1963 terms, Headley’s
explanation for the imbalance in the pesticide market is still relevant.
The imbalance is suggested to be the primary cause of the large increas-
es in demand for effective chemicals for agricultural pest control. The
demand stems from producers who are adopting technological innovations
to maximize net returns.

Headley, in later research, defined in economic terms the concept of
a threshold pest population. It is this pest population at which the
cost of control is equivalent to the benefits. The threshold is depen-
dent upon three variables: value of crop damage, level of pest popula-
tion, and time. These variables are in turn functions of: the ability
of the crop to withstand damage, the growth of the pest population, and
the effect that the pest has on the crop. The pest population defined
in economic threshold is also the desired level of pest population.
Control of pest densities to levels less than the desired level requires
a cost marginally greater than the marginal revenue received from the
crop saved. Also, if pest densities are controlled to levels greater
than optimal, the revenue lost is greater than the cost savings.

The economic threshold pest population was redefined by Hall and Nor-
gaard and included the concept of timing of the pesticide application as
a determinant in optimal pest management. The timing‘of'application is
described as being independent of crop prices and chemical costs. The
price-cost relationship affects only the rate of pesticide application.

The timing of application is defined from the biological interaction of
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the crop-pest-pesticide relationship. The major variables affecting
this relationship are the response of the pesticide on the pest popula—
tion and the growth rate of the population.

In the second perspective, as utilized by Carlson, the assumption of
perfect knowledge in the production process is relaxed. A decision the-
oretic approach to pest management was utilized to incorporate the un-—
certainties of production to attain the goal of profit or utility maxim-
ization. With decision theory, each of the relevant components of the
problem is identified. All possible actions or pest control alterna-
tives are listed as are the outcomes that result for each state of na-
ture or unknown level of pest damage. The states of nature when put
into probabilistic terms are utilized to formulate expected net revenue
or utility figures for each pest control strategy. The probabilities
are subjective and are often historically inaccurate, but are represen=-
tative of the particular pest density situation. The subjective proba=-
bility distribution may be updated with the use of Bayes’s theorem and
current forecast information to formulate a posterior probability dis-
tribution. The strategy chosen maximizes either expected returns net of
chemical and application costs or some utility measure of the returns.
The utility measure may be used to account for producer’s level of risk
aversion in the pest control decision process.

The third perspective taken in the literature review was the use of
insurance alternatives and information services to reduce the uncertain—
ties surrounding the pest control decision process. The premise made by
Miranowski, et al., was that by reducing uncertainty, the level of in-

secticides used would decrease. Two possibilities were presented for




109
reducing the uncertainties of pest control. Insurance alternatives and
information services were analyzed in terms of effectiveness, cost to
the public, and the level of acceptance by the target group of produc-—
ers. In this study, it was suggested that low cost specific-risk insur-
ance would cause a reduction in the number of unnecessary applications
which were previously used for self-insurance purposes. Information
services were also suggested to reduce unnecessary pesticide applica-
tions by providing an increased level of awareness about the actual dam—
age conditions. Simulations were performed to analyze the effect of ac-
cepting a pest control .alternative. Producers were categorized as
either informed or uninformed, defining whether or not insecticide ap—
plications were carried out at economic threshold levels. Seven insur-
ance alternatives were presented to producers at varying premium subsidy
levels. It was concluded that the insurance policy alternatives would
reduce insecticide use, but only under very high subsidy levels. The
level of reduction of insecticide use differed widely depending on the
type of producer, the particular policy, and the level of subsidy. The
informed producer would be willing to utilize insurance at subsidy lev-
els over 50 percent, however, some policies resulted in no reduction of
insecticide use. The uninformed producers were inflexible and slight
reductions in insecticide use occur only at 100 percent subsidy levels.
The conclusion was reached by Miranowski, et al., that information ser-
vices were superior to the insurance alternatives in terms of public
cost effectiveness in reducing insecticide use. For a $3 per acre cost,
the potential for a 30 percent reduction in insecticide use occurred for
the informed producer. The information services would be readily ac—

cepted if the potential benefits were communicated to the producers.
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The methodology used in this thesis to evaluate the effectiveness of
the various flea beetle control strategies was directly related to the
first two perspectives of the literature reviewed. Within a certainty
context, the fulfillment of the objective of interpolating the available
test plot data into economic terms, the concept for dosage response
functions as defined by Hillebrandt, was used. The second perspective
of the economics of pest control, as employed by Carlson, provided a
framework by which expected returns could be maximized under conditions
of uncertainty in the production process. The third perspective was
considered in this analysis in the sense that through improved informa—
tion about the crop-pest-pesticide relationship, an optimal pest manage-
ment strategy may be attained. This need for improved information is
indicated in the suggestions for further research.

Dosage response functions that were estimated for the various beetle
control strategies relate to the crop yield resulting from an insecti-
cide application. The dosage response functions, similar to a standard
production function, were estimated by varying the rate of insecticide
application holding all other inputs constant using experimental plot
data. Functions were estimated under three different damage conditions
with two others being assumed. For example, a curve was estimated for
each insecticide using combined cross sectional and time series plot
data. This curve was defined as the insecticide dosage response func-
tion relating to average damage conditions. The term damage condition
refers to a particular combination of insect damage, climatic, environ—
mental and cultural conditions, defined in this analysis as the prevail-

ing damage state of nature. The state of nature varies from year to
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year, therefore dosage response functions were also estimated for high
and low states of nature. The two assumed dosage response functions re-
late to very low and very high damage states of nature. Very low damage
conditions refer to an insignificant population of flea beetles which
would not affect rapeseed yields, while at very high damage conditions,
no amount of insecticide applied could offset the total destruction of
the crop.

Percentage increases in yield resulting from an insecticide treatment
over an untreated plot were taken from the dosage response functions at
the most widely used application rate for each insecticide. The rates,
in most instances, correspond to the recommended application rate. For
insecticide combinations, the percent increase in yield calculations
utilized yield responses from inferred dosage response functions. The
functions were inferred in the sense that the results from one plot ex—
periment were used to determine the percent additions to yield over the
single insecticide treatment.

As the level of pest infestation increases from low to high damage
states of nature, the percent change in yield over a control plot re-
sulting from an insecticide treatment also increases. These percentage
increases in yield were determined for low, average and high damage con-
ditions for each control strategy, holding the application rates con=-
stant. For the very low and very high damage conditions, it was assumed
that no change in yield would result from an insecticide treatment.

The performance of the control strategies, in terms of yield respon-
ses, differed slightly as the level of damage increased. Under low con-

ditions, the 1lindane and spray combination provided the greatest
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percentage increase in yield over an untreated plot. Furadan in combi-
nation with either a lindane seed treatment or a post-emergence foliar
spray was estimated to provide the highest percentage increases in yield
for average and high damage conditions. However, the Furadan as a sin-
gle treatment increased yields almost to the levels provided by the lin-
dane or spray combinations.

Three probability distributions for damage conditions were postulated
to provide a sensitivity of flea beetle density expectations. The dis-
tributions are subjective in nature because the historical flea beetle
population surveys are not readily amenable to objective probabilistic
assessment. Also, the rapeseed damage caused by flea beetles may be ac—
centuated or reduced by a combination of cultural and environmental fac-
tors. In this study, a range of flea beetle damage states of nature, or
the populations of flea beetles in combination with other influential
factors is assumed with five graduations from very low to very high dam—
age. The estimated distributions are also assumed to be representative
of the producer’s subjective assessment of the damage conditions, inde-
pendent of the control strategy utilized.

Since the actual flea beetle densities are ambiguous, in terms of the
damage caused, the resulting yields of the two species of rapeseed were
assumed to be given by the prevailing state of nature. For complete—
ness, two ranges of rapeseed yields were used for each species. Each
range had five graduations from very low to very high yields resulting
from very high to very low levels of damage, respectively. These yields
were assumed to be representative of the yields obtained under no flea

beetle control. Given a particular control strategy, the yields were
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adjusted by the percentage increase in yield calculated by the respec-—
tive dosage response function and damage state of nature.

The rapeseed prices and chemical costs used were in 1981 terms. The
rapeseed prices were determined by linear regression on annual data for
the past 20 years. Sensitivity analysis of the price results was pro-
vided by estimating high and low prices. These prices were derived by
taking a one standard deviation intervgl on either side of the estimated
average price line.

The components of the decision problem outlined above are combined in
a decision-theoretic framework as in the second perspective of the lit-
erature review. To fulfill the final objective of evaluating in econom-—
ic terms, the alternative flea beetle control strategies, private costs
and returns of treatments were incorporated in pay-off tables. Five
damage states of nature were assumed for the seven control strategies
studied. Percentage increase in yields over the untreated strategy were
determined from the estimated insecticide dosage response functions.
For completeness and comparative purposes, two possible yield ranges
were taken for both species of rapeseed. The net returns were calculat-
ed for three rapeseed price levels less only the insecticide and appli-
cation costs. To calculate net return expectations for each insecticide
strategy, a damage probability distribution was used. The basis for the
selection of the optimal insecticide strategy was the maximization of

expected net returns.
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5.2 CONCLUSIONS AND LIMITATIONS

The results of the sensitivity analyses performed on the pay~off ta-
bles, in terms of the assumed probability of damage distributions and
rapeseed price levels, indicate that the Furadan 5 percent granular in-
furrow strategy provided the highest expected net returns. Higher
yields or a greater level of insecticide effectiveness results from the
Furadan in combination with a post—emergence spray or a lindane seed
treatment. However, the additional cost associated with the spray and
lindane application ranked these strategies second and third, respec-
tively. The lindane and spray combiﬁation would be the preferred strat-
egy given a certainty expectation of low flea beetle damage, however
given the probabilities used in this analysis, the strategy is ranked
fourth. The spray by itself ranked fifth with the lindane seed treat—
ment sixth. However, when the probability of damages distribution is
skewed toward high damages, the lindane seed treatment provides a
slightly better return than the spray. The least desirable strategy, in
terms of expected net returns, was the do nothing strategy, however it
would be preferred given the certainty expectation of very low or very
high damage conditions.

The results calculated based on plot data coincide with the control
strategy rankings determined from the survey, as presented in Appendix
A. The average provincial rapeseed yield as determined from the survey
results was 20.2 bushels per acre. Furadan granular yielded 24.4 bush-
els per acre while the lindane seed treatments yielded 21.0 bushels per
acre. The do nothing control strategy with ten sample observations

yielded only 10.6 bushels per acre.
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Within the range and scope of this analysis, the price of rapeseed
component of the decision model was found to be an insignificant factor
in influencing the insecticide use patterns on rapeseed. The analysis
performed on the three 1981 rapeseed price estimates showed that the
ranking of the expected net returns resulting from the various control
strategies remained unchanged. Also, the three probability of damage
distributions utilized failed to change the optimal strategy. Although
the expected net return values decreased as the damage probability dis-
tribution was skewed toward higher damage, the reduction had no effect
on the optimal choice.

To fulfill the objectives set out in Chapter I, several assumptions
were made which may impose some limitations on the interpretation of the
results. From the primary plot data that was used to estimate the dos-
age response functions, yield inferences were made to the less cont-
rolled conditions present in a producer’s field. To provide enough of a
range of insecticide application rates for curve estimation, cross sec-
tional and time series data were pooled and aggregated. A large varia—-
tion in the yields occur within each insecticide studied for reasons
other than flea beetle damage. The damage inflicted upon the rapeseed
crop by flea beetles may be exaggerated by envirommental and cultural
conditions. Because thése external factors coﬁld not be excluded even
on a plot basis, the concept of damage conditions was assumed to incor-
porate the variation in yields. Five levels of damage conditions were
assumed from very low to very high and were referred to as states of na-
ture. From the damage state of nature, of which flea beetle densities

are a part, a particular yield of rapeseed results. The yields differed
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because of the characteristics of the species grown and the areas that
they are grown in. A range of rapeseed yields was assumed under condi-
tions of no insecticide control. The percentage increases in yield as
determined by the dosage response functions for the various control
strategies under the different damage states of nature were added to the
assumed yield range.

The calculation of expected net returns required the estimation of a
probability of damage distribution. The distribution was constructed by
combining historical and subjective evaluations of the pest situation.
A choice of three levels of skewness for the probability distribution
enabled a sensitivity analysis of the results. The estimated damage
distributions may be found unrepresentative, given further research into
the quantification of the probabilistic flea beetle damage expectations.
However, although it would be useful to calculate the actual distribu-
tion, the change would have to be drastic before any variation in the

ranking of the optimal strategies occurred.

5.3 SUGGESTIONS FOR FURTHER RESEARCH

It would be useful to have updated information dealing with actual
flea beetle conditions. Information, as concluded by Miranowski, et
al., reduced unnecessary insecticide applications due to the uncertain-
ties concerning pest control. Information could also promote the use of
an optmal pest management strategy. With the cost of insecticide treat-
ments being low relative to the potential benefits, and the variation in
those returns among the alternative control strategies, an increased

level of awareness would be beneficial to the producers. The survey
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indicated indicated that 74 percent of the Manitoba producers used in-
secticides to control for flea beetles. Of these producers only 45 per-
cent used the strategy ranked first by this analysis. This low accep-
tance by producers could perhaps be overcome if the potential benefits
were publicized. Information updates would be useful in formulating
posterior damage distributions, as done by Carlson using Bayes’s theo-
rem. A model for forecasting flea beetle densities based on past popu—
lations, cultural and envirommental conditions would be useful for in-
corporation into producer planning decisions.

In this analysis, the dosage response functions for each insecticide
were estimated utilizing experimental plot data at application rates
near to the recommended rates. The accuracy of the curves outside the
range of the data is questionable and it would be useful to see what
happens to yields at application rates greatly different than recommend-
ed. Experiments performed at these rates would test the accuracy of the
estimated functions. In this thesis, recommendations were made for ac-
tual fields from data calculated from experimental plots. Measurement
of insecticide effectiveness on commercial fields would enable us to de-
termine whether the economic analyses performed are sufficiently realis-
tic.

Because of the toxicity and persistence of the insecticides used,
further research into the potential health hazards and negative environ-—
mental effects would give more meaning to the costs of application re-
ported in this thesis. The costs reported in this thesis were in pri-
vate terms, but for completeness, negative externality effects should be

included in the determination of an optimal pest control strategy.
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APPENDIX A

SURVEY QUESTIONNAIRE AND RESULTS

Within this appendix are included the applicable insecticide section
of the 1979 Weed Survey questionnaire and relevant Manitoba results as
compiled by Agriculture Canada in Saskatoon, Saskatchewan. This weed
survey had included an additional question dealing with flea beetle dam-
age and insecticide control on rapeseed. The pertinent questions of the
survey are listed below. Although the survey was not designed for the
purpose of economic analysis, especially the formulation of damage prob-
abilities, insight into producer practices is useful.

The Manitoba portion of the survey had a total of 45 respondents who
grew rapeseed. Of these, three observations were discarded because of
failing to disclose full information. Rapeseed species proportions were
determined from the varietal results. It was calculated that about 80
percent of the rapeseed varieties grown in 1979 were of the higher
yieiaing B. napus species and the remainder of the B. campestris spec-—
ies. These figures are representative of the species proportions grown
in Manitoba over the past five years. Table A.l is a listing of the
relevant Manitoba survey results. Observations 17, 18 and 24 were de-
leted because of incomplete information.

From the survey, it was determined that about 74 percent of the Mani-
toba rapeseed producers use insecticides to control for flea beetle dam-

age. Of these producers, 45 percent used an in-furrow treatment, 39
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percent a seed treatment, 10 percent a post—emergence foliar spray, and
about 6 percent used a combination of two insecticides. This suggests
that the surveyed producers preferred the higher priced in-furrow Fura-
dan treatment.

Although the producer’s assessment of flea beetle damage is given,
the results are not readily amenable to economic analysis. There was no
clear set of guidelines by which the flea beetle damage could be accu-
rately calculated by the producer. The damage ratings between surveyed
producers are not comparable because there were no standards set for
ranking the level of damage. Also, for economic analysis, the benefits
from insecticide control could only be determined if it were known what
yield would be obtained under conditions of no treatment under the same
conditions. For example, a control plot within the treated field would

be useful as a standard for calculation of insecticide benefits.
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1979 Weed Survey Questionnaire - Selected Field

Location of Selected Field

Municipality:

Questions

1. Present crop in field:

Variety:

2. Number of acres in field:

Yield of crop (bushels/acre):

11. If the present crop in this field is rapeseed, please answer the
following questions.

(a) Indicate, with a check, the level of flea beetle damage on the
crop this year:

no problem
light
medium
heavy

(b) Did you use chemicals for the control of flea beetles in this
field this year?

yes
no

(¢) If you used chemical control, please indicate the specific
product applied:

Specific Product

seed treatment

in-furrow treatment

post—emergence foliar spray
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APPENDIX B

INSECTICIDE PRICES AND APPLICATION COSTS

This appendix is a listing of all of the prices of the insecticides
used in this analysis. Table B.l is a listing for the years 1980 and
1981 of the manufacturers suggested retail prices. The prices were con-
verted into price per active ingredient (ai.) to determine the cost of
the insecticide application from the recommended rates which were in ac-
tive ingredients per unit. Table B.2 is a listing of the rate recommen-
dations, the cost per unit of active ingredient, and also the cost per
hectare and per acre of the singular insecticide applicatioms. Table
B.3 is the listing of the cost of the seven flea beetle control strat—
egies including the insecticide combinations used in this analysis.

The cost of running a sprayer, in addition to the cost of the post-e-
mergence foliar insecticideé, was determined from 1980 cost data.37
These variable costs were adjusted to 1981 levels by adding 10 percent
to éilow for inflationary increases in costs. The costs taken into ac—
count were fuel, lubrication and maintenance. The variable costs calcu-

lated were $0.224 per acre or $0.554 per hectare for 1980. The 1981

costs were $0.609 per hectare.

37 C.F. Framingham and Associates, '1980 Cost of Soybean Production
- Study for Manitoba" (University of Manitoba, Department of Agricul-
tural Economics and Farm Management, Winnipeg, Manitoba, 1980).
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Insecticide Treatment Costs Per Unit Area®

Insecticide Treatment

Cost Per Acre

Cost Per Hectare

1980 1980
1981 1981
Do Nothing - -
Furadan 5 G. $4.796 $11.852
5.5298 13.664
Furadan 5 G. plus 6.456 15.955
plus Gammasan 50 S.T. (lindane) 7.3698 18.210
Furadan 5 G. plus 6.551 16.190
Supracide 25 E.C. 7.307 18.057
Gammasan 50 S.T. (lindane) 1.660 4.103
1.8398 4,546
Gammasan 50 S.T. (lindane) plus 3.145 8.441
Supracide 25 E.C. 3.617 8.939
Furadan 4.8 F1. 1.351 3.339
1.657 4,059

*The costs included the variable costs of using a sprayer for

the post—emergence foliar spray

Soe
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APPENDIX C

INSECTICIDE DOSAGE RESPONSE FUNCTIONS38

Introduction

This appendix summarizes all of the relevant insecticide experimental
plot results obtained from the published Pesticide Research Reports.39
Certain experiments were discarded and data was aggregated and averaged
for various reasons which will be discussed. From the remaining experi-
mental plot results, dosage response functions were formulated for each
chemical insecticide. The process of curve estimation relating rates of
chemical application to percent changes in yield is discussed, with an

explanation of why the particular equational form was chosen.

Carbofuran 5 Percent Granular

Table C.1 is a listing of the carbofuran observations which were used
in the process of curve estimation. All of the observations were from
the B. napus species of rapeseed. As explained earlier, experiments or

sample observations within experiments were deleted because of cultural

38 Dosage response refers to the percentage yield increases resulting

from an insecticide application. The percentage increase being de-
rived from the formula:
Treated Plot Yield - Untreated Yield
% Change in Yield = =———————= - x 100
Untreated Yield

39 Canada Department of Agriculture, Pesticide Research Report, compiled

annually by the Expert Committee on Pesticide Use in Agriculture,
1967-1979.
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Table C.l

Carbofuran Sample Observations

B. mnapus
No. Rate of Application Date of Seeding % Increase in Yield
eoeekgeaios/haseeoos

1 0.125 1979 May 28 : 59.63

2 0.125 1979 May 28 16.77

3 0.135 1977 May 31 19.52

4 0.135 1977 May 31 25.26

5 0.140 1976 June 2-3 49.50

6 0.210 1976 June 3-4 85.42

7 0.210 1976 June 3-4 60.42

8 0.210 1976 May 26 39.12

9 0.216 1977 May 31 22.84

10 0.224 1979 May 31 20.01

11 0.224 1979 June 5 81.19

12 0.224 1979 May 31 59.96

13 0.224 1979 June 5 18.23

14 0.224 1979 May 31 18.23

15 0.224 1979 June 5 19.58

16 0.250 1979 May 28 71.56

17 0.250 1979 May 28 13.55

18 0.280 1977 May 11-12 16.10

19 0.280 1976 June 2-3 50.00

20 0.280 1976 June 3-4 77.08
21 . 0.280 1979 June 11 11.24 . o
22 0.280 1979 May 31 75.02 S
23 0.280 1979 June 5 115.42 R
24 0.280 1979 May 31 100.12
25 0.280 1979 June 5 25.01
26 0.280 1979 May 31 27.32

27 0.280 1979 June 5 53.31
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practices and yield gains incompatible with normal agronomic results.
The 27 observations ranged in application rates from 0.125 through 0.280
kg.ai./ha. The percentage increase in yields resulting from these car-—
bofuran application rates ranged from a low of 11.24 percent to a high
of 115.42 percent. The recorded dates of seeding were utilized as a
method by which the particular observation could be traced back to the
original experiment.

Figure C.l1 is the graphical illustration of the carbofuran treatment
observations used. These observations were aggregated into four groups.
Two of the groups were at each of the upper and lower bounds of the car-
bofuran application rate recommendations.40 Within each of these groups,
the yield results were averaged to avoid biases due to differences in
the number of observations at each application rate. Table C.2 is a
listing of the aggregated and dummy data points which were used for the
carbofuran dosage response curve estimation. As explained earlier, the
dummy point (0.001, 0.001)'was added to the data so the estimated line
would approximately be fitted through the origin.

The process of curve estimation was done with ordinary least squares
regression using a number of alternative functional forms. The equa-

tional forms that were tested are listed as follows:

1. Yl =a+ b x linear transformation
2. InY2 =a+ b x log—-linear transformation
3. In¥3 =a+b 1lnx double log-linear transformation

40 Manitoba Department of Agriculture, Entomology Section, Technical

Services Branch, 1980 Manitoba Insect Control Guide (Winnipeg, Mani-
toba, 1980), pp. 14-15.
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Table C.2

Carbofuran Aggregated Sample Observations

Percentage Change in Yield

No. Insecticide Application Rate Over Untreated Plots
cosessesokgeaic/haeeooseas o
1 0.001 ) 0.001
2 0.132 34.14
3 0.210 51.95
4 0.224 37.79
5 0.280 55.06
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4. Y4

]

a+ b/x reciprocal transformation

5. Y5

a+bln x log-linear transformation

Each of these equations was graphed and compared, to determine the best
fit to the data. This was accomplished by taking the original experi-
mental plot data at the recommended rates and comparing with the pre-
dicted values on each équation. Figure C.2 depicts the equation compar=-
isons. Equations number 2 and 3 were discarded because of their highly
positive slopes within the recommended rate ranges. Equation number 1
proved to be a good fit within the recommended rate range, but implied a
constant linear increase in yield reéulting from equal increments of the
insecticide. Equation number 4, because of its maximal asymtotic prop-
erties, was thought to be the best form under theoretical considera-
tions. For example, no matter how much of the insecticide is applied,
only some maximal limit increase in yield could be attained. However,
with equation number 4, this maximum yield was almost fully attained at
a relatively low level of insecticide application.

The chosen functional form of the estimated equation was:
Y=a+b ln x

where:

<!
Il

percent change in yield over an untreated plot,

rate of the insecticide application, and

"
It

coefficients of the equation.

o
o
Il
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Lindane Seed Treatments

The observations for the estimation of the lindane seed treatment
dosage response function came from experiments performed on B. napus ra-
peseed as did the carbofuran granular observations. The resulting sam-—
ple size is less than carbofuran at 16 observations. These observations
encompass application rates over a wide range, from 5.71 to 93.75
gm.ai./kg. of seed. The increases in yield resulting from a lindane ap-
plication over an untreated plot ranged from a low of 5.62 percent to a
high of 72.71 percent. Table C.3 is the listing of all of the observa-
tions which were used in the dosage response function estimation.

The lindane seed treatment observations were plotted, in Figure C.3,
to illustrate how they were aggregated into six groups. The observa-
tions were averaged within the groups so a single point represented each
group. The resulting aggregated and averaged data is listed in Table

C.l"I

Carbofuran Foliar Sprays

The experimental observations utilized are listed in Table C.5. All
of tﬁe observations were obtained from experiments performed on the B.
campestris species of rapeseed. The tests done on B. napus rapeseed
were confined to a total of two observations at a single application
rate. The experimental plot observations are plotted and aggregated
into three groups in Figure C.4. Two of these groups being within the
recommended application rate range of 70 to 150 gmn.ai./ha., and one

group is at a rate much greater than what is recommended.41

41 1pid.
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Table C.3

Lindane Seed Treatment Sample Observations

No. Rate of Application Date of Seeding % Increase in Yield

.gm.ai./kg. of seed.

1 5.71 1978 Mid-May 9.79
2 7.68 1976 June 2-3 27 .86
3 15.42 1976 June 3-4 23.96
4 15.42 1976 June 3-4 12.50
5 15.42 1976 June 3-4 62.09
6 15.50 1978 Mid-May 55.96 R
7 15.50 1978 Mid—-May 72.71 R
8 15.50 1978 Mid-May 48.63
9 15.64 1979 June 11 5.62
10 25.00 1976 May 26 11.24
11 25.00 1977 May 31 14.35
12 30.84 1977 May 11-12 6.78
13 30.84 1976 June 3-4 33.33
14 31.28 1979 June 11 5.62
15 46.88 1975 May 28-29 25.04
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Table C.4

Lindane Seed Treatment Aggregated
Sample Observations

Percentage Change in Yield
No. Insecticide Application Rate Over Untreated Plots

ceseogleai./kg. of seedossss

1 0.001 ‘ 0.001
2 6.96 18.83
3 15.49 40.21
4 25.00 12.80
5 30.99 15.24
6 46.88 25.04
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Table C.5

Carbofuran Sprays Sample Observations

No. Rate of Application Date of Seeding % Increase in Yield
cosegMoaio/hacoosss
1 70.00 1974 June 5 46.50
2 70.00 1974 May 6 19.56
3 70.00 1971 May 12 12.09
4 140.00 1973 May 24 17.70
5 140.00 1972 May 16 34.67
6 140.00 1971 May 12 21.72
7 700.00 1971 May 12 24.39

8 700.00 1970 May 21 34.17
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The observations were averaged to a single point within each group and
these averages are listed in Table C.6. Also, within this table, the
dummy observation (0.001, 0.001) is listed and is used for dosage re-

sponse function estimation to approximate the origin.

Insecticide Combinations

As explained earlier, the data limitations required the calculation
of dosage response functions for insecticide combinations be calculated
from a single experiment. Table C.7 is a listing of the average yields
resulting from each single and combinations of insecticide applications
for that experiment. The rapeseed was seeded at 5.6 kg./ha. on May 11
and 12, 1977 at Oakville, Manitoba on a 20 acre field. The plots within
the field were replicated nine times for each insecticide treatment.
The spraying of Supracide occurred one week after crop emergence. The
Gammasan 50 percent and Lindasan 75 percent insecticides are the lindane
based seed treatments.

The chemical combinations analyzed in this thesis are:

1. Furadan granular plus lindane seed treatments,

2. Furadan granular plus a post—emergence spray, and

3. Lindane seed treatment plus a post—-emergence spray.

For these combinations, the increases in yield over a single applica-
tion were determined and added to the dosage response of that single in-
secticide. For example, the Furadan plus a lindane seed treatment
yielded 0.830 percent better than Furadan alone. This percentage in-
crease in yield was added to the dosage responses for Furadan, calculat-
ed earlier at each damage level, to formulate the corresponding yield

responses for the insecticide combination.
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Table C.6

Carbofuran Sprays Aggregated Sample Observations

Percentage Change in Yield
No. Insecticide Application Rate Over Untreated Plots

ccvvovooceZMedie/hAcoasossass

1 0.001 0.001
2 70.00 26.05
3 140.00 24.70
4 700.00 29.28
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Table C.7

1977 Insecticide Trial Yield Results*

Treatments Seed Yield

eoeKk8ooaas
0.280 kg.ai./ha. Furadan 5 G. 15.65

0.280 kg.ai./ha. Furadan 5 G. plus
14 gm.ai./kg. seed Gammasan 50 Percent 15.78

0.280 kg.ai./ha. Furadan 5 G. plus

140 gm.ai./ha. Supracide 25 E.C. 15.70
14 gm.ai./kg. seed Gammasan 50 Percent 13.74
14 gm.ai./kg. seed Gammasan 50 Percent plus

140 gm.ai./ha. Supracide 25 E.C. 15.32
14 gm.ai./kg. seed Lindasan 75 Percent 14,34
14 gm.ai./kg. seed Lindasan 75 Percent plus

140 gm.ai./ha. Supracide 25 E.C. 16.41
140 gm.ai./ha. Supracide 25 E.C. 14.34
Check 13.48

*P.H. Westdal, W. Romanow and W.C. Askew, "Comparison of the Ef-
fects of Different Insecticides, Applied for the Control of the Crucifer
Flea Beetle on Rape, on Beetle Numbers, Plant Injury, Development and
Yield," in Pesticide Research Report, compiled annually by the Expert
Committee on Pesticide Use in Agriculture,(1977), pp. 153-154.
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Reaction of Insecticide to Type of Rapeseed

This section provides the statistical proof that the reaction of in-
secticides on B. napus and B. campestris species of rape are equal for
the data available. The two insecticide treatments which are tested are
the carbofuran 4.8 flowable foliar spray and the lindane seed treat-
ments. The dosage response functions for the sprays were estimated us—
ing experimental observations from -Ef campestris rapeseed, while the
functions for the seed treatments were from B. napus rapeseed. Limited
numbers of yield results were the most serious constraint to the analy-
sis, but also a range of application rates was needed for curve estima-
tion. The estimation was confined to the experiments done on the par-
ticular species of rapeseed that provided this rate range as well as
degrees of freedom.

For the lindane seed treatments, the 16 observations from the B. na-
pus experimental plots had application rates ranging from 5.71 to 93.75
gm.ai./kg. of seed. The number of observations obtained from B. campes-—
tris were limited to five points at the single application rate of about
15.5 gm.ai./kg. of seed. At this application rate, the B. napus species
experiments had seven observations. The observations are listed in Ta-
ble C.8.

For the foliar spray experiments, eight observations were used from
the B. campestris plots to formulate the dosage response functions. The
total number of observations in B. napus rapeseed were éonfined to two
at the application rate of 70 gm.ai./ha. At this rate, three observa-
tions were obtained from B. campestris experiments. The data points for

the foliar sprays are listed in Table C.9.
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A statistical test was used to determine if the samples of the two
chemical treatments were significantly different within each of the two
species of rapeseed. The Tukey’s quick test was used to determine if
the samples came from identical populations.42 This test utilizes the
actual sample observations, percentages in this case, to determine the
amount of overlap between the groups of insecticide observations. The
more overlap, the greater the likelihood the samples came from identical
populations.

The hypothesis of identical populations was accepted for both the
lindane seed treatments and the Furadan foliar sprays. Therefore, the
insecticide dosage response functions for one species of rapeseed would
be statistically identical for the other species, given the present re-
sults of the experimental plot data. It was also inferred for the in-
secticide combinations and the Furadan granular, which had no B. campes-
tris experimental observations, the same would hold true. The
percentage yield increases of the treated plots over the control plots
for the seven treatment strategies, whether estimated by or inferred
from the dosage response functions, would hold equal for both rapeseed

species: B. napus and B. campestris.

42 Wayne W. Daniel, Applied Nonparametric Statistics (Boston: Houghton

Mifflin Company, 1978), pp. 71-73.
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APPENDIX D

RECOMMENDED CULTURAL PRACTICES FOR RAPESEED

Introduction

This appendix contains a summary of dates of seeding and rates of
seeding for rapeseed, which are recommended to western Canadian produc-—
ers. The information presented includes recommendations for both the

Brassica napus (Argentine) and the Brassica campestris (Polish) species

of rapeseed. This information was used as a partial criterion to reject
certain experimental plot results. The date of seeding data, and the
resulting number of frost-free days, was the sole criterion for the de-

cision between the species of rapeseed to be grown.

Date of Seeding

The date of seeding is an important constraint in western Canadian
rapeseed production. The date of seeding, although largely dependent on
the spring climatic and field conditions, is very important when consid-
ering the number of frost-free growing days that are available. The
variation in the number of frost—-free days within Manitoba is illustrat-—
ed in Figure D.l. For the B. napus and B. campestris species of rape-
seed, the number of days required for maturity are 92 to 102 and 73 to

83, respectively.43

43 The Faculty of Agriculture, Principles and Practices of Commercial

Farming, Fifith Edition (Winnipeg, Manitoba: The Univefgity of Mani-
toba, 1977), p. 108.
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The following is a summary of the effects that date of seeding have
on the rapeseed crop and the implications of these effects on this anal-
ysis. The seeding date affects seven characteristics of rapeseed pro-
duction: emergence, stand establishment, time to first flower, plant
height, days to maturity, seed yield, and seed quality.

The number of days from seeding to plant emergence as well as percent
of seed germination is related to the seeding date. The later in the
spring that planting occurs, the fewer the number of days to plant emer-
gence. Also, as the soil warms up, later in the spring, the rate of
seed germination increases. Table D.1 contains the effect of date of
seeding on plant emergence and seed germination. The results indicate
that the postponement of planting may be beneficial to plant yields.
However, there is a trade-off between the postponement of planting and
the danger of serious losses in the event of fall frosts.

As a result of date of seeding, the number of days to plant maturity
is greatly affected. Although a later planting may result in the crop
maturing in fewer days, the recommended planting dates are for as early
as possible in the spring. The number of days lost by seeding later may
not be entirely compensated for in plant maturity within the growing
season. A later planting date still results in a fall harvest later
than an earlier seeding date even though the number of days to maturity
is reduced.

The date of seeding affects the seed yield to a significant extent.
Although dependent on other factors, such as soil, climatiec, cultural
and locational conditions, the seed yield varies greatly if the planting

date is postponed. It is, therefore, recommended that the B. napus
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Table D.1

Effect of Date of Seeding on Plant Emergence
and Seed Germination

Percent Seed Germination

Days to Plant Emergence Soil Temperature
Type of - — - e e e
Rapeseed Early May Late May Cool 5°C Warm 15°C
B. campestris 8-11 5-7 30 > 92
B. napus 9-12. 6-8 60 > 92

Source: Manitoba Department of Agriculture, Rapeseed ‘80, an eight les—
son course adapted by the Manitoba Department of Agriculture,
produced by the Alberta Department of Agriculture and presented
to Western Canadian Rapeseed Producers (Winnipeg, Manitoba,
1980), pp. 525-526.
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varieties (Midas, Tower, Regent) be seeded between May 5 and May 30 and
the B. campestris varieties (Torch, Candle, Span) be seeded before mid-
June.44 Figure D.2 illustrates the effects upon yield resulting from
variations in planting dates. This figure indicates that, on average,
the yields resulting from the two species of rapeseed are equivalent
about the end of May. A farmer would be indifferent between planting

either species at this date.

Rate of Seeding

Rates of seeding rapeseed vary in western Canada depending on the
species seeded, soil conditions, and cultural practices. The recommend—
ed seeding rates for the B. napus (Argentine) and B. campestris (Polish)
species are 4 to 7 kg./ha. and 5 to 8 kg./ha., respectively.45 Figure
D.3 is an illustration of the effect of seeding rate on yield, for two
planting techniques. This test of seeding rates performed on the B. na-
pus species concluded that at rates above the recommended range only
marginal increases in yield result.46 Also, as illustrated in the fig-
ure, only a small effect on yield results due to a variation of the

seeding rate within the recommended range under comparable conditions.

44 The Faculty of Agriculture, op. cit., p. 112,

45 Ipid., p. 518.

46 1pid., p. 519.
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APPENDIX E

MANITOBA YIELD COMPARISON OF THE B. NAPUS AND B. CAMPESTRIS

SPECIES OF RAPESEED

This appendix is a listing of the rapeseed species and varietal yield
performance in Manitoba. The data was collected from the 1977, 1978 and
1979 Manitoba Co-operative Rapeseed Tests which are a group of plot ex-—-
periments conducted at five Manitoba locations and the yields are aggre-
gated to form a provincial average. The provincial averages of these
tests are listed in Table E.l. Also, for the purpose of this analysis,
the yields of the varieties within each species were aggregated to de-
termine the species yield average. From these species averages, it was
calculated that the B. campestris species yielded on average one-third

(33.125 percent) less than the B. napus species.



Table E.1

Yield of Rapeseed Varieties in Manitoba
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Yield
- ———— Three-Year Species
Species and Variety 1977 1978 1979 Average Average
N -0 4 - T
B. napus
Altex 2 280 1 868 1 755 1 968
Regent 2-180 1 914 1 643 1912
Tower 2 263 1798 1 548 1 870
————— 1 917
B. campestris
Candle 1 460 1 310 1 383 1 384
Torch 1 545 1 426 1 513 1 495
————— 1 440
Source: Manitoba Department of Agriculture, Rapeseed ‘80, an eight les-

son course adapted by the Manitoba Department of Agriculture,
produced by Alberta Department of Agriculture and presented to
Western Canadian Rapeseed Producers, Winnipeg, Manitoba, 1980,

p. 222.
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APPENDIX F

MANITOBA RAPESEED PRICE TRENDS

The purpose of this appendix is to present a summary of the data and
estimation procedures used to forecast 1981 rapeseed prices. The data
was obtained for the 20 year period from 1960 to 1979. The results were
estimated in a linear form by ordinary least squares regression. The
historical data as well as the estimated line are presented in a graphi-
cal form in this appendix.

The regression was a simple linear extrapolation of price against

time. The form of the estimated equation is as follows:

Y=a+bx

where:
Y = the price of rapeseed resulting at a particular year,
X = years, and
a, b = coefficients of the equation.

For the purpose of a sensitivity analysis, a line was also estimated
one standard deviation on either side of the estimated line. The re-
sulting 1981 extrapolated prices are assumed to be what a producer might
expect as high, average and low prices. The price data utilized are
listed in Table F.l. The actual as well as the estimated lines are

graphed in Figures F.l and F.2, respectively.
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Table F.l

Rapeseed Metric and Imperial Historical Prices

Prices
Year Per Bushel Per Tonne
1960 $2.00 S 88.09
1961 1.80 79.36
1962 1.75 77.16
1963 2.50 110.23
1964 2.70 119.05
1965 2.45 108.02
1966 2.45 108.02
1967 1.80 79.48
1968 1.88 82.89
1969 2.40 105.82
1970 2.35 103.62
1971 2.15 94.80
1972 3.10 136.68
1973 5.84 257.50
1974 7.07 311.70
1975 5.11 225.31
1976 5.82 256.51
1977 6.50 286.60
1978 6.25 275.59
1979 5.75 253.53

Source: Manitoba Department of Agriculture, Manitoba Agriculture Year—
book (Winnipeg, Manitoba, 1979).
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APPENDIX G

RESULTS

Contained within this appendix is a complete listing of the results
calculated in this thesis. The results are presented in pay-off tables
which are sets of columns of possible monetary returns associated with
particular control strategy and state of nature combinations. Each
state of nature has a probability of occurrence, therefore, an expected
value for that column may be calculated by summing the products of the
monetary net returns and the probability of the associated state of na-
ture. This expected monetary value (EMV) resulting from each possible

control strategy may be algebraically described in the following manner:

EMV = Z[71 . P(X)]

where:
EMV = expected monetary value,
T = profit or return net of chemical and application costs for a
particular control strategy—state of nature combination, and
P(X) = probability that the state of nature or damage level (X)

will occur,
The profit (m) or returns net of chemical and application costs are

calculated at each state of nature or damage level as follows:

n = [Yield . Price] - Cost

where:

Yield = the tonnes per hectare that would be expected to result
under certain damage conditions given the flea beetle
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control strategy utilized,

Price = the price level of rapeseed anticipated in $ per tonne, and

Cost the cost of the control strategy utilized.

The following tables are divided into two sections, each of which has
two sub~sections. The two sections being the pay—-off tables for each of
the two species of rapeseed. The two sub-sections are the yield ranges,
lower and higher, for both species. Within each of these four sub-sec-
tions, nine tables, the sensitivity of the results, are listed. The

sensitivity analysis is based on varying the crop prices and the skew-

ness of the flea beetle damages probability distribution.
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