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ABSTRACT

The Economics of PesticÍde Use: The Relative Effectiveness
of Insecticide Strategíes Recommended To Control

Flea Beetles in Rapeseed

by

Donald Merle Boyle

Major Advisor: Dr. David Freshwater

This study is an application of Èhe economic theories of pesticide

use to the problem of control of flea beetles in rapeseed crops of Mani-

toba. Flea beetl-es are the major insect pest affecting rapeseed.

Spring infestations, if undetected, may cause damage severe enough that

Èhe rape plants cannot fully recover and yields are reduced. Several

insecticides are recommended to control early season ffea beetle infes-

tations" PoÈential for large monetary benefits relaÈive Èo 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 nay be calculated and compared"

The general objectives of this thesis are Èo present the relevant

theories of pesticide use. Frorn the theory of production under condi-

tions of certainty interpolations of the available biological t.est plot

data were made. Dosage response functions, or curves illustraEing the

- l-l_ -



crop yield resulting from various application rates of an insecticide,

qrere estimated fron the experinental daËa. The theory of production un-

der uncerÈainty !/as useful to evaluate the alternative flea beetle pest

nanagement. strat.egies in private cost and profit terms. Decision theory

r^7as used to identify and compare the possible levels of crop loss, a1-

ternative control actions, and the expected outcomes" A sensitivity

analysis of the results was provided in terms of product prices, proba-

bility of darnage estimates and rapeseed yields.

With the probabilities of damage and rapeseed prices used, the analy-

ses indÍcated that the Furadan granular insecticide perfonned better

than all other control alËernatives. 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 Ëhe Furadan strategy. The do nothing option was the least pre-

ferred strategy.

As indicated by Ehe Manitoba survey of

ceptance of the optimal profit naximizing

increased informalion of the potential

¡vould perhaps be overcoue.

rapeseed producers, a low ac-

control straEegy exists. hlith

benefits this low acceptance
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Chapter I

PROBLE}I STATEMENT AND OBJECTIVES

1"1 INTRODUCTION

In western Canada, agricultural production has been affected substan-

Eially by rapid technological advances. Rapid change has required pro-

ducers to adapt to nevr production techniques in order to remain competi-

Ëive. The production of the oilseed crop, rapeseed, in western Canada

is an example of how technological innovations have been inËroduced and

accepted. WiEhin the past 20 years, rapeseed has become an j-ncreasingly

valuable crop. In terms of total area planted and monetary value, rape-

seed is now the third most important crop in wesÈern 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.

ProducEion of rapeseed within I'laniLoba , 546 300 hectares in I979,

Icomprises abouË 15 percent of the province's total planted acreage.

Manitoba supplies about 16 percent of the total Canadian rapeseed pro-

duction.2 ff,i" level- of production requires a knowledge of effective

production techniques which will ¡naximize producer returns" There is an

incentive to optimize ouÈput because of Èhe high value of rapeseed

1 Maniroba Department of Agriculture, ManiËoba Agriculture Yearbook
(Winnipeg, Ilanitoba: 1979), P" 69"

2 C^n^d^ Grains Council, Canadian Grains Industry:
'80 (l{innipeg, Manitoba: 1980), P. 5.

-1-
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2

relative to other crops. This goal of output optimization necessitates

the utilizaËion of proper pest management control strategies. Failure

to control pests such as flea beetles results in Èhe reduction of yields

and degradaËion of crop quality.

The flea beetle is the major insect pest affecËíng rapeseed crops in

Í/estern Canada. There are five main species of flea beetles, Ëhe most

?
common being Phyllotreta cruciferae.- The najor damage occurs to newly

emerged rapeseed seedlings by overwintering adult flea beetles. Flea

beetles occasionally overwinter in previous season's crop fíelds, but

usually in leaf litter found in and around surrounding shelterbelts.4

Severit.y of the daroage depends largely on the climatic condítions. Un-

der favourable conditions flea beetle densiËies increase rapidly and

fields become infested in a few hours. The infesËations, 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-
(

quentÍ-al.'A1so, the rapeseed crop has usually matured to the state that

second generation damage in the fal1 is seldom surio,rs.6

C.E. Osgood, "Damage Assessment as Part of Flea Beetle Management on
Raper" Proceedings of the Twenty-Second Annual Meeting: Agricultural
Pesticide Society (Brandon, Manitoba: June 23-25, L975), p. 54.

L. Burgess, et a1., Insect Pests and Diseases of Rape and Mustard
(Vancouver, British Columbia: Rapeseed Association of Canada, No. 48,
November 1977), p.4"

5 o"good, op. cit.
U urrrr."", eÈ aI ., op. eit., p. 5.



Several insecticides are recommended

beetle infestaEions. These insecticides

categories:

f . in-furrow Ëreatment,

2" seed treat.ment, and

3. post energence foliar spray.

1' R.J. Laub, "Biological ConsideraÈions for
sect PesE Management in Raper" Winnipeg:
culture, December L979 (mirneographed).

3

to control early season flea

fal1 into the following three

an Economic Analysis of In-
Canada Department of Agri-

These treaËments may be utilized individually or in any combination.

Int.egrated pest rnanagement is not an optíon available to the producer at

Present, although research in this area is beíng undertaken, The feasi-

bÍ1ity and effectiveness of various biological and cuLtural insect con-

trols have been invesËigated" Liroíted benefits may result from the re-

lease of a European beetle parasite.T It is not knom to what extent

this parasite has established itself in the wild populatÍon" A native

parasite exists; however, it is ineffective in reducing beetle numbers.

As well, plant breeding for insect resistance and innovations to cultur-

al Ëechniques are presently at the research stage of devel-opmenË.

In 1979, a survey of Manitoba producers indicated that about 74 per-

cent of Èhe rapeseed gro\4rers used insecticides Èo control flea beetle

infestations.S fh. private cost of this control, in currenÈ 1981 Èerms,

mây range from a low of $4"55 per hectare for a single application of a

seed treatment Ëo a high of $18.21 per hectare for single applications

of a combination of treatments.9 Producers apply these insecticides

B

9

See Appendix A for survey questionnaire and results"

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

ínsecticides in case flea beetles are present"

Potential for large monetary benefits relaEive to chemical costs seem

to exist v¡hen an insecticide is applied. However, the benefits differ

among the various control st.rategies" A framework by which these ben-

efits rnay 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 conÈrol strategy, will

be presented in private telrtrs. Possible social inplications may arise

because of the potency of the studied insecticides, resulting in poËen-

tial health hazards and possible negaËive environmental effect.s. Howev-

êrr research supporting the notion of these negative externalities is

lacking.

L "2 OB.]ECTIVES OF THE STT.IDY

The main objectives of Ëhis sËudy are to:

l. revíew and summarize the relevant applied economíc theories of

insecticide use, insurance and information services as they re-

late to the problern of control of Èhe flea beetle in rapeseed

crops of Manitoba;

2. interpolate the available biological test plot data into economic

terms ¡¿hich relaÈe yield responses resulting from a chemical ap-

plication for various darnage conditions; and



3 " evaluate in economic terms

ment strategies in relation

tion.

5

alternative flea beetle pesÈ manage-

to private costs and profit maximiza-

I.3 ORGANIZATION OF THE THESIS

Chapter II is a suûunary of the related literature and the theoretical

construct of the economics of pestÍcide use. On a theoretical basis,

the moËivation of insecticidal control, dosage levels, and timing of ap-

plications are discussed. Crop insurance and ínformation services as

they relate to insecticide use are also discussed.

Chapter III is the descripÈion of the methodological considerations

used to apply the theories of insecticide use to Ëhe problem of flea

beetle infesÈations 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 I98l crop year" The garne theory

analytical approach is used as a method of evaluating, in monet.ary

teras, the decision to use insecticides given expectations for the fu-

ture.

Chapter IV is a suunary 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 terns r,¡hich result from various combinations of

damage conditíons and price expectations.

Chapter V is a discussion of the inplications of the results, lirnita-

tíons and conclusions of the sEudy.



Chapter II

REVIEW OF RELATED LITERATURE

2"I INTRODUCTION

The agricultural use of pesticides, in parÈicular insecticides, has

increased draroatically in Canada over the past 30 years. This study

concentrates on the econçmic 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 díscuss and develop the

economic principles of pesticide use and agricultural pest management.

The review contains economic concepts and analytical nethodology which

may be applied to Èhe problen of flea beetle infestations in rapeseed.

2"2 CLASSICAL ECONOMICS: EFFICIENT INPUT USE UNDER PERFECT KNOWLEDGE

Classical production economics provides the theoreËical basis for an-

alyzj-ng the use of insecticides at the farm level. Insecticides are an

input into the erop production process. In economic terms, insecticides

are Ëhe resulÈ of technical innovaÈion which augments lotal production

by increasing crop yields and product quality, and reduces possible

year-Èo-year yield fluctuations due to insecÈ danage. Under the assuup-

tion of perfect knowledge, the decision made by each producer is to

choose anong 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 optinal use of a pesticide rnay be illustrated, as in Figure 2.1,

with the use of a production function" The amount of a pesticide used,

v¡ith a1l oEher inputs held constant., is represented on the horizontal

axis" For a given level of pest populati-on, the output attributable to

Èhe rate of application of the pesticide is shown on the vertícal axis.

In an insecticide example, Èhe total physical product (TPP) function

likely would not st.art at zero because some output r¿ould result from the

factors of production held consËant. For example, if some insect were

present and no effort at control vras made, at least some quantity of

crop yield would be attaj-ned. In sinplistic terms, the additional yield

or output resulting from a particular rate of insecticide application is

a funct.ion of the number of insects killed. This relationship becomes

more cornplex if tining and frequency of the applications as well as the

characteristics of the ínsect being controlled are accounted for.

The for¡n of the classical TPP function, as in Figure 2.1, increases

aE an increasing rate aË 1ow 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

three rates of increase are termed the stages of production. At sÈage

I, successive additions of the pesticide result in an increasing quanti-

ty of toËal 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 uniÈs of the pesticide add to total outpuÈ, but do so at

a decreasing rate" Stage III occurs aÈ the point where an additional

unit of the pesticide fails to increase outp'Lrt. A point of saturation
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Figure 2.1

Factor Input to Total, Marginal,
Average Physical Products

Source: E.O. Heady, Eeonomics of Agricultural Production a:ld Rgsgurce Pse
(Englewooa ciirfs, ivet c., 1965), p. 41.
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for the input is attained and additional incremental units begin to re-

duce yields at an increasing rate" In Èhe instance of an insect popula-

tion, the TPP function would perhaps be asynptotic to complete pest

eradication aÈ high application rates, unless the insecticide applied

was phytotoxic to the crop"

The average physical product (APP) function is defÍned as
the total amount of output dívided by Ëhe total 1evel'gf the
variable input used to produce that quantity of output.^"

In geometrie terms, the APP function is the slope of a line drawn from

the origin to Èhe TPP function, for any unit of the input applied. This

function increases to Ëhe point where iË intersects the narginal physi-

cal product (MPP) function. At this point, the average product per unit

of inpuÈ is maximized, or the slope of the line from Ëhe origin to the

TPP function is greatest" Beyond this ¡naximum point, the APP function

decreases.

The IIPP 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 origÍn and is maximized at

the inflection point on Ëhe TPP function. The inflection being the

point aÈ which the total out.put begins Ëo 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.

i.IiÈhin thi-s area of decreasing narginal returns is the area of effieient

production which corresponds to stage II of the production function"

Along this decreasing portion of the TPP function there occurs an

1o *,rb"r, c. Buse and
location in Rural
il-ioe.

Daniel l.I . Bromley, ApPlied Economics: Resource A1-
America (Aures: Iowa State UniversiËy Press, L975),
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optimal input-out.put relaËionship in physÍcal terms. This physical rnax-

imum occurs where MPP equals zero, the TPP is maxiroi-zed, and further

uniLs of input result in negat.ive yield increases"

When the prices of total output and costs of the input are included,

an economic optimal level of input usage roay be found. Figure 2.2 is

the illustration of the points at which economic optirnal input usage oc-

curs. The value of rnarginal product (VMP) is the MPP for the particular

input-output relationship nultiplied by the price of Ëhe ouÈput. This

is the necessary condition for profit maximization. The input prices

are knovrn and are illustrated on the vertical axis as PI and P2. There

is a revenue incentive to use additional units of inpuË to the point at

which the revenue received just, covers the cost of the inpuË.

A specific decision rule is: use a variable input up to where
the l-ast unit ernployed creates just enough addition4J output
to pay for its utilization in the production p.o".""."

In algebraic terms, the optinum level of input usage occurs at the point

r¿here the 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 VMPI shifts out to

VMP2. This is an economic justification for increasing the input usage

from Qi to QZ given the inpuË price conditions of PI " If the input

price is increased frorn Pl to P2, the optirnal quantiËies used on Vl{Pl or

VMP2 decrease from Ql Èo Q1'and Q2 to Q2', respectively. The suffi-

cient conditions are fu1filled at Ëhese profit maximizing levels.

11 urr"u and Bromrey, 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

Èhe uarginal product" Chernical prices are determined by markeL supply

and demand forces and are not subjecE to the individual producer's por^7er

to control. The value of the marginal product is dependent on the level

of crop prices, also deternined by market forces outside the producer's

conËrol" In addition, the marginal physical product is very dependent

on the prevailing environmental conditions.

2.2"L Hillebrandt, 1960

The two part article eompleted in 1960 by Hillebrandt is considered

to be the first work in Ëhe area of economics of pest control" Part I

deals with Èhe following subjects: the estirnaËj.on of a dosage response

curve; the selection of an optinoal pesticide application rate incorpo-

rati.ng 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 uncertaínty with respect to the optinal application of
13pes t]-c]-cles .

A dosage response curve was estimaÈed illustrating the crop yield re-

sulting from various rates of a pesticide application. The physical

crop-pest-pesticíde interactions influencing the shape of the curve r¡rere

incorporat.ed j-nto the estimation. Dosage response curves are

12 Prrri"ia M.
cides, Part
pp.464-472"

t3 ,d.r, "The Economic Theory of the Use of Persticides, Part II, Uncer-

tainiyr" Journal of Agricultural Economics, Vol. L4 (1960), PP'

52-6L.

Hillebrandt,
I, tt JournaL

"The Economic Theory of the Use of Pesti-
of Agricultural Economics, Vol" t3 (1960),
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illusrtrated in Figure 2"3 for three theoreticaf leve1s of pest

infestaËion. The line AB and the corresponding parallels explain the

rel-ationship of output price and pesticide input costs. The point of

intersection of these price lines and dosage response functions signi-

fies optinal pesticide usage. This optimum corresponds Ëo the equality

of the value of marginal product and the input price or the sufficient

profit maximizing condition" As illustrated, the opËinal dosage or rate

of pesticide application increases with pest infestaËion increments, but

is also dependent on the slope of Èhe output price-input cost relat,ion-

shÍp as well as the shape of the dosage response function"

Hillebrandt investigated the possibilities of returns to scale for a

pesÈicide applicarion" Depending on the situation, the input costs

could eiËher increase or decrease per unit applied as the area treated

increases. For example, the cost of chemicals may be reduced because of

volume purchasíng; also the fixed cost per unit area would decrease be-

cause they are being utilized over a larger acreãge. However, the lab-

our costs involved in the application process may increase wiÈh larger

acreages. The profitability of Ëhe pesticide application on an area of

crqp.depends on two factors" The first facËor being the chemical input:

total cost of application per unit area increasing or decreasing as the

area Èo be Èreated increases. The second factor ís the slope of the

marginal dosage funcËion at the partícular rate of application under

consideration.

Figure 2.4 is the illustration of the profÍt or loss resulting from

the single application of a pesticide over different acreages and pesË

densities when application costs and crop prices are known. For
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illustrat.ive purposes, it ÍIas 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 t,hree acreages as the level

of pest infestaËion increases. The costs Day be subtracted from the

benefiË.s aÈ each acreage level to forrn the net revenue functions shown

on the bottom half of the figure" Given the shape of the curves, it may

be shown thaË under the conditions of a 2A level of infestation, Ëhe

profit per acre received from treat.ing a large field (70 acres) equalled

the distance CE. 
. 
For t.he mediu¡o acreage, the profit per acre received

¡vould be DE. The pesticide treatment on a sma11 field would result in a

loss per acre of EF.

Part II of t.he arËicle by Hillebrandt, relaxes the assumption of the

producer's perfect knowledge in production decisions. The lack of in-

formaÈion was dividied into the two categories of: rísk r¡hich follows

some known probability density function and ís therefore insurable, and

uncertainty which has unascertainable probabilities of occurrence and is

not insurable. The main area of imperfect informaÈion centers on future

crop prices. Research üay determine the .crop-pest-pesticide interac-

tions or the dosage response functions for a given level of infestation,

but the infornation may be subject to large fluctuations. The chemícal

and application costs are generally known. Lack of infornaÈion about

future crop prices falls into the uncerËainEy caEegory while the form of

the dosage response funct.ions relating to specific levels of pest infor-

maËion rnay be risky, buË plausible in statistical terms" HillebrandË

used Shackle's concepi of "degree of PotenÈiâl surprise" at various
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profiË levels and incorporated the producer's subjective esËimate of the

uncertain situation as well as indifference curves Ëo determine the op-

tiroal pesticide application rate" The problem with this forn of analy-

sis is the lack of practicality and difficulÈy in estinating indiffer-

ence curves, degrees of potential surprise and Ëhe determination of the

subjective assessments.

2"2"2 Headley, f968

hlith the Ëhree primary classes of inpuËs into the production process

being land, labour, and capital; pésticides affect a substitution of

capital invesËmenE for land and labour to increase productivíty. Tech-

nical innovation in the production process provides the profitable en-

couragement for this substitution. The substitution of capiÈal for oth-

er production inputs rrras anaLyzed in research done by Headley in 1968.14

The najor objeetive of Headley's study was Èo determine whether the use

of pesticides in agrícultural production differed from the theoretical

economic optimum. To accomplish this goal, the benefits and cosËs of

pesticide use vrere calculated frorn production function estimations on

cross secEional data for f963" The relationship as estimated by ordi-

nary least squares regression techniques vlas as follows:

Total OuÈput = f(totaI labour, land and buildings, machinery,
fertilizer, pesticides, and other)

J"C. Headley, rrEstimating
cidesrtt American Journal of
1968)r pp. 13-23"

the Productivity of Agricultural Pesti-
Agricultural Econoraics, Vo1" 50 (February

T4
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Four equations were estimated to express this relaËionship. Inter-

pretaEion problerns occurred because of data aggregation and variable in-

Ëercorrelations" The assr:rnptions of uniform Ëechnology for the 48 stud-

ied states, and equi-valent productivity from chemicals also hampered in-

ÈerpretaÈions of the regression results; Increases in productivity

resulting from the applicaËion of chemicals, particularly pestieides,

vary widely depending on Ëhe crop gro\¡rn, the pest being controlled, and

Èhe timing and rates of application.

The estimated rnarginal productivities for the variable inputs are

shown in Table 2.I. not'e that a mârginal value product of over four

dollars results on average from a one dollar outlay for the pesticide

input. This marginal contribution to Ëotal 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 L963, United

SËates farmers received esÈimated benefits totalling $t.B billion frorn

the $436 million spent on the pesticides used.

Although Headley's results are now somewhat daÈed, the implicatÍons

for present pesticide usage are sti11 relevant. The large imbalance in

Ëhe market for pesticide inputs is the reasoníng 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

pasË and probably r+ill continue to do so in the future. In theoretical

tems, the level of input useage will increase until the VMP is equiva-

lent to the IlC for that input.
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Table 2. I

Ifarginal Products of Farm Inputs in United States
Agriculture, 1963

Regression Equations

Variables

Total Labour $2 "I6/day $1 .40/day 93.84/day $4.2I/ day

Land and
Buirdings 0.06/$r "00 0.08/$r.00 0.06/$i.00 0.08/91.00

Machinery 2"40/$1.00 2.43/$r.00 0.26l$1.00

"orher" 0.97l9i.00 0.97191.00 1.0719I.00

Ferrilizer 4.91/$1.00 4.20/il "OO 4.50/$i.00 3.95/9i.00

pesricides 5.66l$r.00 4.23/$I.00 4.16l$1.00 3.90/$1.00

l"lachinery

==::::=::l::============]==-------l=1!111=33========]============]======

Source: J.C.Headley, ItEstimating the Productivity of Agricultural Pes-
Èicidesr" American Journal of Agricultural Economics, Vo1.50, (February
1968), p.19.
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2"2"3 Headley, L972

The focus of the previous literaËure had been mainì-y the economically

optirnal use of pesticides" At this point, crop yields are optimized and

reEurns are maximized. However, this optinum occurs under cerÈain as-

sumptions about the pest population. Llhen pest densities are specifíed

they are generally assumed Èo cause yield damage greater Èhan 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 concepË of a threshold pest population r^ras formalized in eco-

. 15nom]-c terms.

Headley conceived Èhe threshold populaËion as a function of three

variables: value of damage, pest population, and time" The nodel which

r¡ras estimated had four basic components " The f irst component was the

pest densiÈy damage function which relates the level of damage to the

pest populalion and the ability of the crop to withstand damage. The

equaËion of Lhe damage f.rrr"tio., i",

2Da=bPa -A

where:

D=t

P=
Ë

15 .1.c. Headley, "Defining the Economic
SËrategies f or the Future (l,IashingÈon,
Sciences, I972), pp. f00-I08.

damage in time t,

pest populat,ion in time E,

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

Threshold" in Pest Control
D.C.: National Ac"aury of
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b = a constant defining the incremental damage resulting fron Pa.

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 tirne t-n population rnultiplied by a biological growth fac-

tor.

P =p (1+r)nË t-n

where:

Pa_r, = the pest population N periods prior Èo time t,

r = net growth rate of the pest population, and

(1 + r)t = t 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" Thís is shown as follovrs:

v=N-cD't

where:

y = the product yield,

c = a parameter measuring incremental yield effects, and

N = Ëhe potential crop yield under conditions of no pesË infesta-
tions.

The first three equations were combined Èo form:

v=N-n{htp (1+r\nì2-tlvrvr- 
t _ nt-
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This shows t.he effecË that the pest population has on Ehe cropo

Figure 2"5 illustrates Èhis further. The crop yield resulting at each

level of pesÈ population may be multiplied by a constant price to form

fhe total revenue from production. From points A to B, erop yields have

attained their potential under conditions of none to very low pest den-

sities. Beyond poínt 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 pesÈ population r^/as set at

higher densities, the cost of control decreases. The final element in

Headley's model is the following continuous cost function:

L

0 = ------
P t.-n

where:

0 = the total cost of control, and

L = a constanÈ 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 aË the intersection of

these two curves where Èhe 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

dÍstance DE is the profit gained from opÈimal pest control" The 1evel

of pest population F corresponds to the profit maximizing staÈe and is
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defined to be t.he economic threshold or optinal pest population. It

would be undesirable to allow pest densities Eo vary fron this optimum"

At higher 1evels of population, the cosË of control is less but the

yield loss outweighs the cost savings. Sinilarly, control to lower pop-

ulation levels involves a cost greater than Èhe returns received from

increased crop yields"

2"2"4 Hall and Norgaard, L973

A redefinition of Headley's economic t.hreshold was proposed by Hall

and Norgaard in lg73.16 tÅ" Èining of application and quantity of pesti-

cides applied r^rere introduced as deterrninants, in addition Èo the vari-

ables utilized by Headley, in a model for effective profit maximizing

pest control. The ÈheoreEical roodel included Èhe following five ele-

ments:

1" The pest population growth function was similar to lleadley's with

the exception of a factor whÍch included the reduction in the pest popu-

lat.ion due Ëo a pesticide application. The following is the pest popu-

lation growth function from the tiroe of planÈing through to the Èime of

pesticide application:

P(r) = Po e

where:

forto(t5,t,

P(t) = the pest population,

Darwin C. Hall and Richard B" Norgaard,
tion of Pesticidesril American Journal of
55 (1973), pp. 198-201"

"On the Timing and Applica-
Agricultural Economícs, Vol.

16
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P = Ehe initial pest population,
o

rte" = the pest population growth rate,

t_ = the time of planting, and
o

t, = the Ëime of pesticide application"

An addition to this function v¡as made to include the reduction of the

pest population due to the pesticide application. The resulting gror^Ith

function was in the form of:

p(r) = (p- erti - r).t(t-Ëi) for r, ( r ( t.^o - ¿\/v -i - - -h

where:

K = Èhe number of pests killed by the pesticide application, and

Ën = the tine of crop harvest.

2. The second element is the pest population kil1 function which is

sinplified to be a function of the level of pesticide applied and the

tining of the application.

.K = K(X, ai)

where:

X = the number of units of pesticide.

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

vrhich relates Ëhe crop damage to pest populaËions. The following Èvlo

equaËions describe Èhis darnage. The first equation is a continuous
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funcËion from the time of planting to harvest of the crop damage result-

ing per pest.

d(t) = b P(t)

where:

d(t) = Èhe insËantaneous rate of crop damage in physical units due
to pest population, and

b = rate of crop damage per pest.

The second equaËion includes the application of an insecticide:

l(t--t)=Dl*D2ho

where:

O(t* - t^) = cumulat,ive crop damage incurred betl{een the Èime of
¡tv- - planting and harvest,

DI = 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-l(tn)

where:

Y = the physical crop yield at harvest, and

N = the potential crop yield under conditions of no pests.

5. The final conponen¡ of the model is the cost functi.on of the

f orm:
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C=aX

where:

C = the toÈa1 cost of pesticides, and

a = the cost of purchasing and application of a single uniË of pes-
ticide "

The result of differentiating Èhe profit equation, which is crop rev-

enues neË of pesticide costs, with respect to applicaËion time ti and

quantitiy of pesticide applied X, the following equations arise:

ar
Kx(X, r.) =

l_

Bb[sr(t¡-tt) - tJ

rK(x, tr)"t(th-ti)
Kr.(X, ai) =

er(rh-ri) _ 1

where:

B = the price of the crop.

The implications of the preceeding model are illustrated in Figure

2"6" The Èotal cosÈ of pesLicide application is drawn as a constant

marginal increase per uniÈ applied. Total revenue curves are drawn for

different application times" The curve, labeled TRt * n, results from a

time of application closer Eo an entomologically specified desirable

tÍme" The increase in profit to the producer is the distance AB at Ëhe

optinal raËe of pesticide application C" Dending on the slope of the
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toËal revenue curve, this rate of application could increase or decrease

as the tiroing becomes more precise.

The conclusions of the Hall and Norgaard model stat.e that cost of

pesticides and crop prices affect the rate of pestÍcide application.

However, the optinal tining of pestÍcide application is determined inde-

pendently of t.he pesticide and crop prices. The only variables affect-

ing tining of application are the response of lhe pest population to the

pesticide and t,he biological growËh rate of the pest population.

2.3 T]NCERTAINTY: PEST MANAGEMENT UNDER IMPERFECT KNOWLEDGE

To this point, the articles reviewed have regarded the use of pesti-

cides under the assumption of perfeeË knowledge. However, pest densi-

Ëies, pesticide effectiveness, pest population dynanics, crop prices,

and environmental conditions are subject to a large amount of variabili-

ty. lJhen variation occurs in the detenninanËs of agricultural produc-

tion, producers become uncertain about future outcomes. The producer

nust rely on past experience and expectations for the future to decide

anong the available inputs of productÍon to uaximize net returns" the

following is a review which incorporates risk and uncertainty into a

framework for optimal pest management.

2"3"I Carlson, I97O

In the study conpleted in 1970, Carlson utilized Bayesian decision

theory Ëo include the uncertainties of crop disease and determine an
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optinal pest control strategy.lT Carlson applied this theory to the ex-

anple of brown-rot control in the California peach industry" The deci-

sion theory was used to deterroine which pesticide spraying strategy

would maximize expect.ed profits, The strategy was adjusËed to account

for disease forecasts.

Bayesian decision theory in a pesË management conËext involves a pro-

cess by which a decision-maker can identify all possibilities of crop

1oss, alternative control actions, and Ëhe resulting outcomes to form

probabilistic subjecÈive expecÈations for the future which may be updat-

ed given a forecast for the particular evenÈ. Subjective probabilities

are used because in agricultural pest control few recorded series of

events are accurate enough that objective or historical probabilities

may be calculaÈed vrith confidence. The detenoination of subjective

probabilities in practÍ.ce is often inaccurate but they are often roore

represenËative of the particular pest density situation than are histor-

ical probabilities.

As shown in algebraíc form in TabLe 2"2, the possible control st,rat-

egies or actions available Èo the producer are represented by: al, ã2,

a3r..n¡ êrtr. The level of pest densities are defined as states of nature

and are depicted as: sI, s2, s3r..., sn. All possible combinations of

these rraction-sÈate of nature" pairs are shown in the resulting pay-off

matrix. A net income value or a uÈility of that neË income value for

each pay-off is selected.

Gerald A. Carlson, ttA

Prediction and Control,
Vol. 52 (l{ay 1970), pp.

Decision Theoretic Approach to Crop Disease
" American Journal of Agricultural Economics,
216-223.

T7
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TabLe 2.2

Decision Theory Pay-Off Matrix

Actions
States of
Nature a3a2al am

sl

s2

U(sl, al) U(sl, a2) U(sl, a3) U(sl, arn)

U( s2 , al ) lJ(s2 , a2) U( s2 , a3 ) U( s2 , arn)

sn U(sn, al ) U(sn, a2) U(sn, a3) U(sn, an)
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This process may be shown as follows:

E(U) = max I X U(a,s) " P(s)]
as

where:

E(U) = expected utility,

U(a, s) = pay-of f (utility) derived from each |taction-stat.e of
naturert pair, and

P(s) = the decision-maker's subjective probability disËribution
for the random variable (s).

The producer's subjectÍve probability distribution may be considered

Ëo be a prior probability distribution which uay be updated r,rith Ehe in-

corporaÈion of forecast information. The darnage probabilities derived

from the forecast informaËion may be used to form a probability distri-

bution condiÈional on a given state of nature. This condiÈional distri-

bution may be used to formulate a posËerior probability distribution of

damage for each action. The following is Bayes's theoren which combines

the prior and conditional probabilities:

P(s/z) = P(s) . P(z/s)/P(z)

rrhere:

P(slz) = posterior probability,

P(s) = prior probability,

P(zls) = condítional probability, and
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P(z) = rnarginal probabílity 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) = nax I X U(h(z),s) " P(s/z)]
hs

where:

h(z) = the highest pay-off given the forecast (z).

To use Ëhe Bayesian decision-making process, Carlson elicited subjec-

tive damage probabilities fron 76 California peach grovlers. There were

five control actions considered on seven percentage of crop lost by dis-

ease states of nature. Chenical costs were determined from the particu-

lar action chosen. One crop price was assumed because of prior knowl-

edge due to producer cooperative act ions . The crop yields T¡/ere

deÈernined from hisËorical data for the varieties concerned. Because of

the nature of the disease, rainfall forecasËs were incorporated into the

analysis. Ordinary least squares regression was used to estimate the

crop loss due to disease.

The optinal pest management strategies were calculated by joining the

prior and posterior probability distributions using Bayes's theorem.

OpÈiroal strategies or actions lrere determined in two manners. The first

equated maximum expected net returns with maximum expected uÈility. The

second method utilized producer uÈility functions in a mean-variance

eontext Èo account for risk aversion or the r+i1-J-ingness Ëo forego an
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anounÈ of profit Lo use more pesticides in order to reduce Ehe standard

deviation of the losses.

It was determined that the 44 percenÈ of the California peach grovrers

who did noÈ intend using pesticides for brown-rot control could increase

income $25 to $40 per acre if an optimal pesticide management strategy

lrere followed" A1so, under conditj-ons of low pesË density forecasts,

revenue could be saved by using no pesticides. The social, environmen-

t.a1 and health costs of pesticide use rl7ere not quant.ified in this analy-

sis. However, iÈ was suggested that these costs could be reduced if

foreeast information srere incorporated into the farmer's decision pro-

cess. Carlson concluded that where the probability of crop damage due

Ëo pests vras variable from season to season, and Ëhe pest densities

could be accurately forecasted, decision t.heory procedures are applica-

b1e, especially when the control costs are hígh, relative to erop pric-

es.

2.4 INSURANCE AND
MANAGEMENT

INFOR}4ATION: REDUCTION OF UNCERTAINTY IN PEST

In general, sub-optirnaf use of pesticides results fron producer un-

certainty or lack of informaÈion about Èhe fuËure and the pesÈ being

controlled. Sub-optimal refers partÍeularly to over use of pesticides

and the poor timing of applications. Poor timing occurs due to the lack

of inforroaEion concerning Ëhe crop-pest-pesticide relationship. Over

use of pesticides stems fron the risk averse nature of producers. Pro-

ducers are willing to increase their expenditures on pest control to as-

sure Ëhemsel-ves t.haÈ in the event of a pest infesËation, adequaÈe con-

trol measures have been t.aken. 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 v¡hich are of increasing concern and should be included

in the control decision framevrork.

The following portion of the literature review discusses the concepts

of insurance and infornation services to alleviate the uncertaÍnties

surrounding pesticide use. This reduction of uncertainty may reduce the

over-applications of pesticides described above. Informatíon services

could promote optinal pest control strategies by disseminatíng knowledge

about the particular crop-pest-pesticide relationship.

2.4"I Miranowski, Ernst and Curomings, 1974

An analysis of pest management information services and insurance aI-

ternatives vras performed in the sÈudy conpleted ín 1974 by Miranowski,

Ernst and C,r*rirrg".l8 It was thought that these options could be used

within a public policy context to provide mechanisms to pronote more ef-

ficienL pest control. From the standpoint of social and private optima,

both options r.rere i-nvestigated. The pest management infornation service

was thought Èo inerease the individual producer's 1eve1 of awareness of

the crop-pest-pesticide relationship. The knowledge of the benefits of

proper tirning and rates of chemical applÍcation would perhaps reduce

wasteful applicaÈions "

John A. Miranowski, Ulhrich
Insurance and Information
(!üashington, D.C":

F.üi" Ernst and Francis H. Cuumings, "Crop
Services to Control Use of Pesticidesrt

Environment.al
197 4) .

1QIU

EPA-600/5-7 4-0L8, September
ProtecËion Agency,
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The insurance option v/as Ëhought to be justifiable on the grounds

that a reduction in the prograumed pesticide applications would occur.

Progranmed applications refer to the use of pesticides by risk-averse

producers as a forn of insurance. In previous seasons, the producers

utilized pesticides and will continue to do so even though the probabil-

iÈy of ínfestaËion may be 1ow. Sínce the cost. of pest control to the

producer is usually low, compared with Lhe price of the crop, a lov¡ cost

insurance progran covered by both producer and public interests could

reduce unnecessary pesticide applications.

This study r¡ras corrfirre¿ to insecticides. The greatest concern i.n

public policy dealing with pesÈicides is the use of insecticides because

of Èoxicity and persistence in the environnent. Although herbicides to

date have been the mosË heavily dernanded type of pesticide, insurance

and ínformaEion services are noË. like1y to significantly reduce use be-

cause of the nature of the pests. Alternatives to chemical weed control

would tend more toward culÈural practices rather than insurance" Fungi-

cides make up only 10 percenÈ of the actj-ve ingredÍents applied" The

insecticides studied were restricted to the crop cotton in the southern

Unit.ed States where cheroical applications are the most inËensive and the

possíbilities for insurance and information services are most plausible.

The information services are designed to provide Ehree types of as-

sistance to producers. CurrenÈ Ínformation dealing with pest densities

will be provided on a regular basis. Advice on pesticide use will be

provided given the pest population counËs. Che¡nical applications l¡i1l

be recommended when pest populations have attained an economic threshold

level" The Èhreshold 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 corlgc-
tive pesticides or taking some other pest conÈrol measure.'

The third type of assistance will provide the producer with better crop

producÈÍon information" This information would include the latest pro-

duction and pest rnanagement innovations, such as integrated conËrol

meËhods "

The crop insurance services Eo 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

wiËh the value equal to Èhe full value of the crop loss would reduce in-

secËicide use. The cost of the premiun would be subsidized by the pub-

Iic, 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 is concerned with net incoue from crop production, a

trade-off occurs between the expected loss due to insect danage and

risk" Producers, because of their risk-averse nature, would forego some

expecÈed revenue to reduce the risk of pest damage. This is illustrated

in Figure 2.7" As the leve1 of pest.icide applied increases, crop losses

are reduced and expected net income íncreases. The net income expecta-

tions are maximized at poínÈ Q. As crop losses are reduced by increas-

ing insecticide applÍcations, the risk associated with the losses are

also reduced. ApplicaÈions at raÈes greater than Q reduee risk, howev-

er, expected net income is declining" The decision criÈerion uay be

19 Mirrnowski, eE al, r op. cit" r p. 17.
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Risk,

Net fncome
Percentage
Crop Loss Net

Level- of Pesticide Use

Fígure 2.f
Rel-ationship Between Pesticide Use, Expected Net

Income and Crop Loss with a Risk Band

soi.irce: John A. Miranowski, ulhrich F.I,ü. Ernst and F?ancis H. cummings,?rCrop fnsi:rance and Infonnation Servj-ces to Contro] Use of pest-
icides?r (I,rtashington, D.c. : Environmental protectioir Agency, EpA-
6OO/5-74-018, .September 1gT4), pp. ZJ and, 2).
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summarized as the trade-off between net income and risk to maximize pro-

ducer utí1iËy.

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

function was used:

t=tr(i-S)y*-TC-pxX

where:

t=

Py=

$=

Y*=

net. income per acre,

price per unit of the crop,

fraction of the crop lost due to insect damage,

maximu¡o 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 cot.ton r.ras set at a single value representaËive of Èhe

current. market va1ue. The specification of the utility function corre-

sponded to the risk-averse nature of the producers. The risk factor v/as

defined to be the variance of the expected crop loss for a given control

sËraÈegy" Nine control actions or chernical rates (O to 40 pounds per

acre) were used to det.ermine the expected neÈ income figures. A1so, 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 pesi densiiy approached an economic threshold. The



uninformed group sprayed automatically at regular

¡mounted to 24 to 26 applicaEions per season.

40

intervals which

The simulation results indicated that lrith pest nanagement 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 eompared

with those of the uninformed producers.which would maxinize expected net

revenues at 30 pounds, buË because of risk the maximum utility was at-

Eained when 35 pounds per acre was applied. For the inforrned producers,

Ëhe 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 Èhe participating producer r¡ras $3

per acre ¡+hich vlas tnore Ëhan neutralized by the increased efficiency in

cotton producÈion. Producers would not participaEe in the information

services for the single reason that they lack information about Èhe

gains that would be provided. Producer participaEion in the informaËion

service woul-d increase efficiency in cotton production and reduce insec-

ticide use.

To simulate the crop insurance optionr. seven alt.ernative policies

rirere provided Ëo Ëhe Èr,ro groups of producers aÈ f ive subs idy Levels .

The alternatives are Iisted as follows:

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

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

full loss coverage beyond a deductible of 0 percent;

full loss coverage beyond a deductible of l0 percenË;

full loss coverage beyond a deductible of 20 percenË;

I.

2"

3"

l!-
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fu1l loss coverage beyond a deductible of 30 percent;

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

Èhe Federal Crop Insurance now provides; and

7. no insurance.

In addition, the public sector subsidies r.rere simulated as 0, I0,25,50

or 100 percent reduction of the insurance premiums.

The sínulation results demonstrated t.hat the ínsurance alternatives

v/ere 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 f00 percent. This slight reduction in insecticide use is not

likely to offset the large public subsidy. The only fu1l loss coverage

insurance alternative to be accepted under the conditions of less than a

50 percent premium subsidy r/as the zero deductibility option. It \,Ias

concluded that for uninforned producers, the insurance options would be

accepted only under heavy public subsidies, however, Ëhis would provide

in several of the options an incenlive to complet.ely discontinue insec-

licide application.

The simulation results show the informed producer to be rnore flexi-

ble. If the public subsidy on insurance premiums was less than 50 per-

cent, the informed producer would choose the no insurance opÈion. At

the 100 percent subsidy leve1, all insurance alternat.ives would be pre-

ferred, however, the co-insurance and Federal Crop Insurance systems

probably would noÈ reduce insecticide use. For the full loss coverage

alternatives with the deductibilities of 0 and 10 percent, no insecti-

cides would be used. At ihe 20 and 25 Percent deductible levelsr,q!¡".

5.

6"
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applicaÈions \.7ould be significantly reduced but with a great cost to the

public.

2"5 SI]MMARY

The theoretical aspects of pesticide use, insurance and infornaatÍon

services were sumnarized in the preceeding chapEer" A selection of lit-

erature which developed and presenÈed 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 beetläs in rapeseed. The review r¡as separated into

three secËions, each of v¡hich developed an economic aspect of pest con-

Ëro1. 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 Ëhe problem of pro-

duction under the uncertain conditions of pest attacks. Game theory was

uËilized to incorporate risk and uncertainty surrounding pesÈ control

decisions to maximize producer profits or utility" The fínal secÈion of

the review provides an insight into the possibilities for insurance and

inforrqation services to reduce the uncertainties of pest control and

Èhereby reduce insecticide use.

Classical economic theory under perfect knowledge provided the basis

for the studies done by HiIlebrandt, Headley, and Ha11 and Norgaard.

Hillebrandt in 1960 forrna1ized the concept of a dosage response function

relating optimum pesticide applications Ëo the cost of the chemical, the

price of Ëhe crop, as well as the intensity of the attack. The optimal

quantity of insecticicie applied occurs where the rnarginal value product
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is equivalent to t.he price of the chemÍcal for a given leve1 of pest in-

formation" Headley in 1968 determined that about $4 worth of marginal

value product resulted frou the application of $i worËh of pesticide"

This apparent sub-optimal level of pesticide applicaEion gives justifi-

cation for the trend of rapid increases in the demand for agricultural

pes ticides .

Headley in L972 formalized the concept of an economic threshold pest

populaËion" This threshold population occurs where the cost of control

is equivalenË to t.he yield benefits in urarginal terms. Control of pest

populations greater or less than this threshold would be sub-optimal in

terns of profitability to the producer. Hall and Norgaard in 1973 added

the concept of tining of the pesticide applications Èo the conditions

for optimal pesÈ control. Tirning as a variable of the production pro-

cess rrras determined to be independent of crop prices, control costs and

rate of application. The optirnal tining of chemical pest conÈrol is a

function of the biological growth pattern of the Pest.

The main restriction with the articles summarized Èo this point is

the assumption of perfeet knowledge in the production process. Cost of

chemical applications are knom and government 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 in the areas of fuEure crop prices 
' Pest

population dynamics, and the chemical dosage response functions. The

article by Carlson in 1970 included t.he uncertainties in a decision-the-

oretic pest control example to maximize expected profits. The possible

conirol strategies âre named actions vrhile Ëhe probable levels of PesË
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populations are states of nature. From each possible action-state of

nature combinaËion results a particular crop yield which may be analyzed

in monetary or utility teras. Carlson uti1ized Bayes's theorem to in-

corporate forecast ínfornation 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 porLion of the literature review focuses on tr¡ro concepËs

which are thought to alleviate the uncertainties surrounding pest con-

t,rol. The mosÈ complete study in the areas of specific-risk insurance

and information services options was done by ì,Iiranowski, Ernst and Cum-

mings in L974" 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-

naÈion services option showed the most promise in reducing insecticide

use by inproving the produà"t'" knowledge about the crop-pest-pesticide

relationship" Producers are willing to accept the program of informa-

tion services if the benefit potenËials are publicized.

The arÈicles reviewed in this chapter contain analytical procedures

which pertain to the problem of control of flea beetles on rapeseed.

Dosage response funcÈions as theorízed 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 applicaEion rate, is incorporated with crop price expectations

and flea beetle dauage probability distributions into pay-off lcatrices

as defined by Carlson. The profit motive is the choice criterion for

the selection of Ëhe appropriaÈe control sÈrategy.



Chapter III

METHODOLOGICAL CONSIDERATIONS

3"I INTRODUCTION

The decision model used in this analysis simulates possible outcomes

of returns in relation to the subjective future assessurent that a pro-

ducer may have t.oward expected flea beetle damage and rapeseed prices.

Thís analysis evaluaÈes the effect that chemical treatments have on the

yield of rapeseed by controlling flea beetle ínfestations. Flea beetle

damage reduces rapeseed yield while chemical insecticides may reduce

this damage. The various control Eeasures are analyzed solely in Ëerms

of private cost effectiveness. Insecticide dosage response funcÈions

were developed from experimental plot data and are used as a method of

relating the levels of chemical application Ëo increases in yield. In-

creases in yield over a strategy of no treatment were calculated for six

insecticide treatments for selected leve1s of flea beetle density.

3.2 THE CONCEPT'T]AL MODEL

The conceptual model is the logical process of producer decision-mak-

ing. IE is hypothesized that these decisions are made on the basis of

expectations for Ëhe future. In 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

pasÈ experiences" Figure 3.1 is the schematic representation of a

-45-
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producer's decision-making model. The producer uËilizes the available

inputs of production to opÈimally produce a crop. Given the producer's

objeetives and perception of possible pest danage, the decision is made

to choose among the available control strategies Ëo reduce erop loss"

3"2"L Chemical Control of Flea Beetles on Rapeseed

Three types of chemical insecticides are used, either individually or

in combinaÈ.ion, to control f Iea beetle inf es tations in l,Ianitoba. The

three studied chemicals and their formulations are: carbofuran 5 per-

cent granular, lindane-based seed tråatmenÈs, and carbofuran 48 percent

flowable. Supracide 25 percent ernulsifiable concentrate is also used in

t.his analysis where insuffÍcient experimental daÈa restricted the exami-

nation of the carbofuran 48 percent flowable.

Furadan 5 G (carbofuran) is an in-furro\.r granular systemic insecti-

cide. This chernical 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.2o Wh"r, mois-

ture is available the insecticide is absorbed into the plant and kills

Èhe flea beetles as they feed on the seedlings" Under ideal condit.ions,

three weeks of protection are given to Ehe rapeseed crop.

Lindane is the basic active ingredient of several commercially manu-

factured rapeseed seed treatments. Some of these chernicafs include:

of AgriculÈure, Entonology Section, Technical
Manitoba Insect Control Guide (I.linnipeg, Mani-

l"faniËoba Departnent
Services Branchr l9Sl
roba), p" 32"

20



Lindasan, Gammasan, Thiralin, Benolin, and Vitavax.2l

4B

The main

difference among these chemicals is the one or more fungicides that are

included to conËrol plant disease. All of these chernicals are in powder

formulations with the exeeption 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

infesÈations for one week to l0 days" It is recommended thaË this forn

of treatment, in practice, should be followed up with a post emergence

))
foliar spray. - This combination of treatments provides about three

weeks of protecËion, wf,ict is sirnilar to the singular application of Fu-

radan granular.

The foliar sprays: Furadan 4.8 flowable (carbofuran), Supracide 25

percenË emulsifiable concentrate (nethidathion), Malathion 25 percent

emulsifiabte concentrate, and Guthion spray concentrate (azinphos-me-

thyl) are all recomuended insecticides to control flea beetles after

plant energence" These sprays can be used by t.hemselves but the crop

protection provided is limited. "Severaf spray applications would be

necessary to provide adequate protection, particularly since the crop

may energe over a period of several days."23 Th" sprays may also be used

to enhance the effectiveness of the carbofuran and lindane treaËments"

SaskaÈchewan Department of Agriculture, Plant Industry Branch, "List.
of Seed TreaÈnent Products for Use on Cereal and Oilseeds" (Regina,
Saskatchewan, 1980).

2I

22 P .H, l{e s tdaL
Cooperator:
44.

rbid "

and W"

Manitoba
Romanow, ttReduce Los ses in Rapeseed , " l'lanitoba

Issue 1981 (l"larch 5, 1981), p.

23

Crop Management
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The seven Ëreatment possibil-ities 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 treatrnent;

6" Lindane seed treatmenË plus Supracide foliar spray; and

7 " Furadan foliar spray.

These options were studied because they are recommended strategies for

Èhe control of flea beetles on rapeseed. The research data developed to

test the relative effectiveness of Ëhe chemicals are used as the basis

of the analyses" Each of Èhe control strategies, their recommended

rates of applicaËion, and 1981 cost of application are listed in Table

3"r.

3"2"2 Insecticide Dosage Response Functions

Tb develop dosage response functions, experimental plot data $rere an-

aLyzed for both single and conbined insecticide treatments. The Ëerm

'dose' refers to the rate of active ingredient per unit applied for a

particular conÈro1 strategy. Hillebrandt defined the dosage response

curve as: "a curve showing, for various doses of pesticide, the yíeld

of crop which is attributable Eo the application of the pesticide."24

The following analysis contains the three types of insecÈicides uÈilized

24 Hilt"brandtr op. cit., p. 464.
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Table 3 " I

Control Strategies for FLea Beetle Infestations
on Rapeseed

============================================= ==================

Control SËrategy and Rate of
Active Ingredient Application

Tirning of
Application

198I Cost Per
Hectare*

1 . No Í-nsect icide

2" Furadan granular
0.280 kg.ai./na.

3. Furadan granular
0.280 kg.ai./ha.

plus
Lindane seed Lreatment
tB gm.ai./kg. of seed

4 " Furadan granular
0 .280 kg . ai . /na.

plus
Supracide foliar spray
140 gm. aí. /ha.

5. Lindane seed treatment.
IB gro.ai./ke. of seed

6 " Lindane seed treatment
IB gn.ai./ke" of seed

plus
Supracide foliar spray
140 gn. al-. llna.

at planting

at planting

at planting

at planting

7 to 10 days after
crop emergence

at planting

at p]anting

7 to l0 days after
crop emergence

$i3.664

$18.2i0

$18.057

ç4.s46

$8.939

7. Furadam foliar spray 7 to I0 days after

====113=:i:ï=15======================::::=:::::::::===========11=33]==

*Prices of insecticides and application costs are explained in
Appendix B.
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on two species of rapeseed to control flea beetle ínfestations" The

chemicals which are assessed include: carbofuran granules, lindane-

based seed treatments, and carbofuran post-emergence 
"pt.y".25

Initially, the chemicals were to be studied on the basis of the par-

ticular type of rapeseed. However, this analysis shows that the insec-

Ëicide dosage responses are equal between the two species of rapeseed.

In statistical terms, based on the number of available observatj-ons, the

mean yield responses resulting from insecticide t.reatments of equal dos-

age lrere found to be equivalent between the various licensed varieties

of the two species: Brassica campeslrés and Brassica napus.

3"2"2"I Carbofuran 5 Percent Granular

Carbofuran observations were obtained from experimental plot data and

Írere ranked aceording Èo Ëhe chemical active ingredient application

rates. In some insEances, certain experímental results r^rere deleted

from the data set. Experiments, or sample observaÈions within experi-

menÈs, vrere discarded where seeding rates r.rere inconsisÈent with proper

managenenE practices.26 E*p"tiruents were also discarded if they r,rere in-

ordinaÈeIy different from results in general. Inordinately different

results would be negative or very extreme positive percentage yield net

gains as conpared wit.h the average" NegaËÍve yields would indicate a

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

25 Fo, a det.ailed description of the estination procedures, data list-
ings and averaging, chemical aggregation procedures, function alter-
natives, as well as the staËistical comparison between the responses
on t.he tvüo types of rapeseed, see Appendix C.

26 Fot the pertinenÈ 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 t.he con-

trol or untreated plot being destroyed so any sma11 yield increase re-

sulting from an insecticide application would be exaggerated when put

into percentage terlos"

0n a theoreÈical 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 p1ot. In oÈher words, it is assumed that the chemical appli-

cation is the only facËor which could affect a yield change. All other

factors are assumed to be constanÈ" The curve could intersect along the

horizontal (chemical rate) axis to the right of the origin, but no data

has been produced which rnight give some insight as to what that thresh-

old rnight be. Using the SttAZAÞl compLlter program for econometric methods

and the chosen log-linear equation estimation, the estimated line could

not be forced through the otigi.,.27 A dumrny point (0.001r 0.001) was

added to the dat,a so Èhe line would approximately be fitted rhrough the

origin.

The chosen form of the dosage response function is of the form:

y=a*blnx

where:

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

, White, "A General Comput.er Program for Econometric Methods
tt Econometrica, L978"

Kenneth J
- SHAZAM,

27
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x = the rate of the insecticide application, and

â, b = the paraueÈers of the estimaËed equation.

The result is as follows:

y = 58.665 + 8.6248 1n x

ThÍs is the estimated equation relating the percentage increase in

yield of rapeseed resulting from various carbofuran 5 percent granular

application rates. This average danage in any given year, although as-

srrmed to result from a flea beetle infesËation, is in reality caused by

a combination of factors such as soii and climatic conditions as well as

cultural practices. For example, in a dry spring flea beetle damage

would be exaggerated because chemical treaÈments are not as effective

under l-ow soil moisture conditions" In addition to the average curve,

curves relating to high and 1ow flea beetle infestations ¡^rere also esÈi-

mated. Because of the combinaÈion of causal factors the curves are re-

ferred to as insecticide dosage response functions under high, average

and low damage condit.ions. The high and low damage curves were esÈimat-

ed to provide a range of insecticide effecÈiveness. The estimaÈion $Ias

done by taking the same slope of the curve as estimated for the average

darnage and plotting Èhe lines through the averaged high and low observa-

tions at the most widely used applicaËion rate of 0.280 kg.ai" per hec-

tare" Table 3,2 presents Ehe resulting carbofuran dosage response func-

tions. Although the recomnended rate ranges from 0.224 to 0.280 kg.ai.

per hectare, the higher rate was used because about one-Èhird of the

carbofuran experimenÈs were performed at this rate. The increases in

rapeseed yield resulÊing from the carbofuran granular applicalion over
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Table 3.2

Furadan 5G Dosage Response Functions and the Percent
Increases Ín Yield at the Recommended
Application Rate of 0"280 kg.ai./ha"

Damage
Level Equations and Coefficients

High YH = 118.74907 t 8"6248 ln x 107"8

Average YA = 58.665 + 8.6248 ln x 47.7 (n2 = 0.8513)
(*). (**)

:::=============::===13=31!?!=!_=!_=2:2113=1:=:=========13=3======

*, **Significance of the parameters aË Ëhe I and 2 percenÈ 1evels,
res pe ct ive 1y "

Percent Increase in
Yield Over Control
Plots
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application over an untreated plot are 107.8r 47.7, and 19.9 percent for

the high, average, and low damage levels, respectively. This analysis

hras constrained to use the same slope for all three dosage response

functions because of a low number of sample observations at chemical ap-

plicaËion 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 Èhe 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 sinilar reasons. The

curve estimation for the lindane chemicals, as with carbofuran, uses a

dummy observati.on (0.00ir 0.001) in the data source, so the estimated

curve wilL be fitted approximaÈely through the origin. The high and low

damage curves were estimaËed about the average curve in a method similar

to carbofuran. At the experimental application rate of I5.50 gm.ai. per

ki'lograro of seed, the high and low yield observations were averaged.

AbouÈ one-half of Èhe lindane experiments were perforned at this rate,

therefore, low and high yields could be esÈimated" At the recommended

application rate of 18"0 grn.ai. per kilogram of seed no plot experiments

were performed, however, yield increases as estimated from the response

functions \¡rere reporËed at this recommended rate" The slope of the

curve estimated for the average level of damage was held constant be-

cause of data limiÈatíons¡ and curves Ì.sere 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 percent,age in-

crease in yield of the lindane treated plots over Ehe untreated plots

r,ras determined t.o be 60 "18, 22"22, and 10.93 percent for the high, aver-

age and low damage levels, respecËively. The lindane seed treatment

dosage response functions aË the Ëhree 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 fo1-

low the same process as the lindane seed treaEment,s and Ëhe carbofuran

granular" I^iith one-third of the plot experiments perforned at each of

70 and 150 gn.ai" per hectare recommended application rates, yield in-

creases vrere taken at Èhe averaged I10 gn.ai. per hectare application

rate. The estimated functions are lisËed in Table 3"4" The percentage

increase in yield resulting from the spray application, over the control

ploÈs, vras 40.59r 25.44, and 14.90 percenL for high, average and low

damage conditions, respectively" The estimated curves are graphed in

Figure 3.4.

3"2"2"4 Insecticide CombinaËions

When t.he chemical control of flea beetles is practiced on rapeseed,

the utilization of combinations of two insecticides is possible. The

chernical conbinations analyzed in this thesis are as follow:

1. Furadan granular plus lindane seed treatments;

2" Furadan granular plus a posi-emergence spray; and
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Table 3.3

Lindane Seed TreatmenË Dosage Response FuncEions
and the Percent Increases in Yield at the

Recommended Application Rate of 1B grn.aí"/kg of seed

Damage
Level

Percent Increase in
Yield Over Control

Equations and Coefficients Plots

High YH = 53"82286 + 2"L98l ln x 60.18

Average YA = 15.868 + 2.1981 ln x 22.22 (R2 = 0.3629)
(*) (**)

=t::=============:: ===!:?l=22'=12=!=!:)=3!1=1:=:======13=3]=================

*, **Significance of the paraneters at the 2 arrd I0 percent
levels, respeclively"
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Table 3.4

Carbofuran Foliar Spray Dosage Response Functions
and Ëhe PereenËage Increases in Yield at the

Recommended Applícation Rate of t l0 gm. ai-. /lna.

========================================================

Damage
Level Equations and Coefficients

Percent Increase in
Yield Over Control
Plots

High

Average

YIl = 30"3314 + 2.1814 ln x

YA = 15.190 + 2.1814 ln x
(*) (*)

40.s9

25.44 (n2 = 0.9884)

Low YL = 4 "64L4 * 2"I8I4 ln x 14.90

*Signíficance of t.he paraneters aÈ the I 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 1imitations" The experimental observations

that did exist analyzing the conbination of insecticides were not per-

formed under similar conditions" As we1l, Ëhe scarcity of observations

made the curve estímation iropossible. The additions to rapeseed yield

caused by the Èhree alternaËive insecticide conbinations r^rere taken from

one experiuent perforned. in rg77 on B. napus ,"p."""d.28 rhe foliar

post-euergence spray utilized was Supracide 25 percent emulsifiable con-

centrate (nethidathion) which roay be subsËituted for the carbofuran 4.8

flowable foliar spray at a higher applicaËion rate.29 t't.thidathion has a

moderate toxiciËy while carbofuran 4.8 flowable is highly Èoxic.30 o1-

though the entire dosage response functions could not be esËimated, the

Percent additions to yield over the single insecticide treatments r¡rere

calculated frou this particular experiment. The percent yield additions

from the chernical conbinations vrere added to the percent increase in

yields estimated, at the recommended application rates, for Èhe single

treatmenÈ dosage response functions.3l

P.H. I,Iestdal, I^l . Romanow and I^I.L. Askew, t'Comparison of the Effects
of Different rnseeticides, Applied for the controL of the crucifer
Flea Beetle on Rape, on Beetle Numbers, PlanË Injury, Development and
Yieldr" in Pesticide Research Report, conpiled annually by the Expert
Committee on Pesticide Use in Agriculture (1977), pp" 153-154.

Manitoba Department of Agriculture, Ent,onology section, Technical
Services Branch, 1981 Manitoba Insect Control Guide (Llinnipeg, Mani-
Eoba), p. 32.

30 Manitoba DepartmenÈ of Agriculture, Entornology Section, Insecticide
Handbook: for Manitoba Pesticide Dealers an{ Applicators (t^Iinnipeg,
Matritob", tggOl, pp. 23 atta ZA,

â1
" See Appendix C for the procedures of Insecticide Dosage Response es-

timates.

28

29
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The assumption is rnade that the percentage yield additions estimated

for the i-nsecticide combinations would hold constant for each level of

dosage" This assumption was made because of insufficient test results

t.o indicate either an increasing or decreasing increment in yield Ëo the

primary ínsecticide treatment as the leve1 of damage increases. For ex-

ample, using carbofuran granular plus a foliar spray at any given 1evel

of dauage, the spray augmenËs the carbofuran response by 0.8307 percent.

A comparable value was calculated for the carbofuran granular plus lin-

dane seed Lreatment 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 1ow, average and

high dosage levels. The carbofuran granular in conbination with the

lindane seed treaÈuent is estimated Ëo be approximately equivalent to

the cornbination of carbofuran and a foliar spray" The equivalence is in

terrûs of dosage response, noÈ necessarily eost 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 frauework.

3"2"2"5 Surunary and Application of the Insecticide Response Functions

The estimated log-linear dosage response functions for the three dan-

age levels for each insecticide straËegy 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 TreaÈed Plots Over
Control Plots for the Insecticide Combinations

Applied at Recommended Rates

Damage
Level

Furadan Plus
Lindane

Furadan Plus
Foliar Spray

Lindane Plus
Foliar Spray

Low

Average

20.7 3

48.53

20.72

48.52

23.93

35.22
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rate sho\,r, for each level of damage, the percentage increase in yield of

the treated plots over the control plots. The danage conditions refer

to the combination of cultural, climatic and agronomic conditions which

may exaggerate the true extenË of the flea beetle densities. Thís 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 t.he per-

centage increases in yield for any insecticide Èreatment is equal to

zero at very low or very high damage states of nature" For exampler uD-

der very 1ow damage conditions, or state of nature, the chemícal has

nothing to react upon to effect an increase in yield. Similarly, at a

very high danage state of nature t.he density of the pest population is

so great that no amount of insecticide could counteracÈ the destruction

of the entire rapeseed crop.

When Èhe rate of insecticide application is held constant, as a re-

comrnended rate, the percent yield responses increase as the intensity of

the daroage conditions increase. For example, the change in yield re-

sulting from a chemical treatment under average danage 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 greaÈer than the assuraed high 1eve1 the

effecEiveness of the insecticides decrease. The density of insects per

plant is so greaÈ that crop destruction occurs with any control strat-

egy"

From each of the dosage response curves a percent Íncrease in yield

of t.reated plots over untreated may be obtained for each insecticide ap-

pj-ied at Ëhe recommended rate" The three chemical cornbination yÍe1d
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increases were extrapolated frorn a single experiment, as mentioned pre-

viously, Table 3.6 presents a summary of the effects of various flea

beetle insecticide treatmenÈ 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 roers of the table indicate no increases in yield over an untreated

plot for the very low and very high danage conditions. At the very 1ow

damage level, Èhe flea beeÈIe 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

t.he 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 treaÈment

and a spray is mosÈ effective. Under medium and high damage conditions,

single applications of li-ndane 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 danage resulÈing from flea beetle populaÈion

densities has fluctuated widely over the past number of years" It ap-

pears ÈhaÈ the level of rapeseed damage Ís caused by a number of fac-

tors, with flea beetle populat.ion densiLies being only one of these fac-

tors. 0ther factors which nay affect damage levels are: soil

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

previous fall, climatic conditions at the Èime 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. IÈ 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 Èhis analysis, iÈ

is not only the produeer's expectations of flea beeLle densities that

matlers but the entire spectrum of variables which may intensify the ef-

fects of the flea beetle damage. Therefore, the population density

probabilities are in realiÈy the producer's subjective assessment of the

damage probabilities.

The probabilistic assessment of flea beet.le densities is independenÈ

of the chemical treaEments. The insecticides do affect the level of

darnage resulting from the flea beetle densities but not the probabilis-

tíc expecÈations of the densiÈies prior to the darnage occurring. This

is because t.he population of flea beetles is regarded as being relaËive-

Iy const.ant and the numbers thaÈ attack rapeseed are a snall portion of

Ëhe total. The actual flea beetle densities or damage probabilities in

a historieal sense are unquantified. It is thought that I'fanitoba rape-

seed producers consistently face average Èo high flea beetle densities.

Although quantitative surveys are lacking, populations of flea
beetles appear to have remained consist,ently high in the
sout.hern part of the growing area for at least 10 years and
similar levels Bf abundance are novr being reached in more
northerly 

"r""".J2

I.I.J. Turnock and D.J. Samborski, "Management of
prepared for the Praírie Production Syrnposium
wan, October 29-31, 1980), p. f9.

Plant Pestsrtt a paper
(Saskatoon, Saskatche-

32
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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 Èo very high.

Three probability distributions were postulaËed to provide a sensitivity

analysis with the actual distribution being unknovm. 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 dauage expectations" Each of the distri-

butions has its high probabilíty value set aE 40 percent. For the sen-

siÈivity analysis this high probability is set at each of the low, aver-

age and high levels Lhereby 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 optiual crop yields which rnay result due to

an undesirable damage staËe of naÈure" Since it is unknovm exactly what

particular yield would resulË under specified darnage conditions or

states of nature, two ranges of possible yields have been considered for

each of the trlro rapeseed species, the tvro 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 locaLion and cultural practices.

The yields within the B. napus species of rapeseed were calculated by

assuming five equivalent graduations between zeto and the postulaËed

high yields of 30 and 35 bushels per acre to formulate the tIÂIo yield

ranges. It has been shov¡n Èhat B" campesÈris rapeseed yields one-Lhird
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to one-quarter less than the B. napus species" The l"lanit.oba Co-opera-

tive Tests arrive at the conclusion Ëhat the difference is 33.125 per-

cent based on a three year a0"r"g".33 From the respective lower and

higher yield ranges postulated for B" napus yield ranges vrere 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-

b1e 3.7.

The yields ranging from very high to very 1ow result from very low to

very high damage staËes of nature, respectively. For example, the very

1ow yield of zero r"",rtt" from a very high damage state of nature.

These yields are assumed to occur under condiLions where no insecticide

treatment was used. In other words, if this were an experimental plot

system under consideraÈion, these yields would occur on the untreated

conÈrol plots at t.he various daroage states of naËure.

Percentage increase in yields resulÈing from a chemical application

vTere estimated for each insecticide and cornbination of insecticides at

Ëhe recommended applicaÈion rates from the dosage response functions.

It was assumed that under very 1ow damage conditions, very high rapeseed

yields result and any amount of insecticide applied would no¡ further

increase the yields. At very high damage condiËions t.he resulting yield

would approach zero and any insecticide applÍed courd do nothing to

change this because of the exËremely high population densities. Tables

3.8 through 3"1I shovr the rapeseed yields resulting from insecticide

treatments at different levels of danage. The yields are listed for

both species of rapeseed at two possible yield ranges.

33 s"" Appendix E for the Manitoba rapeseed yield comparative tests.
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Table 3 "7

Rapeseed Yiel-ds l^Iith No Insecticide Treatment

B. napus B" campestris
Yield
Level

Range Range Range Range
Lov¡ Yield High Yield Low Yield High Yield

".."tonnes per hectare

Very high

High

lfedium

Low

r.681

I.26L

0 .840

0.420

r.962

I .47I

0.981

0.490

T.T24

0.843

0.562

0.282

L "3T2

0 .984

0 .6s6

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

1ow and very high damage levels, insecticide treatments do no beËter

than the unt.reated strategy. At the low damage leve1, the highest

yielding strategy is the lindane seed treaÈment plus a foliar spray.

Without taking chemical costs into account the Furadan plus lindane and

Furadan plus a foliar spray conbinations 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

treatloent "

3"2.5 Rapeseed Prices

To estimate what rapeseed prices would be in I9B1 a linear ordinary

least squares extrapolation r.ras done on annual price daËa for the years

1960 through t979.34 rnis linear estimat.e was assumed to be an average

leve1 for producer expectations. High and low expectations v¡ere derived

by taking a one standard deviation inËerval on either side of the esti-

mated average line" The high, average and low prÍce expectations pro-

vide a means of analyzing price sensitivity of the expected value re-

su1ts" The estimated price equations, coefficients and estimates are

listed Ín Table 3.I2.

See Appendix F for the rapeseed
procedures.

34 price data summary and the estimation
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Table 3.12

Rapeseed Price Equations

============ ===== ========= ======================== ====== ========= =======

Price
Level Eqr:ations and Coef ficient.s 1979 r9B0 1981

High

Medium

Low

-23 325 "472

-23 373 + r

-23 420.528

+ Ii"948

1"948 x

+ 11.948

..".$

319.610

272.092

224.564

per tonne.

331.568

284.040

236.s12

343"s16

295.988

248.460

Y

Y

Y
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3"3 MODEL SIßI}{ARY

The conceptual model fornalized in the first section of rhis chapter

sets out the relevanË componenEs of the rapeseed flea beetle decision-

naking model whích are analyzed in this thesis. The producer bases the

pest control decision on the available inpuEs of production, the expect-

ed 1evel of pest damage and the effectiveness of the available control

strategies. Given the producer's subjective evaluation of the pest pop-

ulation and the firn's operating objectives, pesE control measures are

utilized to opÈiüally reduce crop losses. The control measures tested

are the seven insecticide pest control strategies including the option

of no conÈro1. The effectiveness of these strategies Ëo reduce flea

beetle damage is calculated by way of the insecticide dosage response

functions. The rapeseed yields resulting from the various flea beetle

damage staËes of nature are estimated for the tr,ro species of rapeseed

grown in ManiÈoba.

I^Iith probabilities for flea beetle damage sÈates of nature given, as

well as the particular control st.rategy utilized, the cost of insecti-

cide control and rapeseed prices, and the type of rapeseed gro\,Jrì, a de-

cision 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 sErategy roay be chosen to accomplish

this. For the purpose of evaluating the sensitivity of the different

components of Ëhe flea beetle control decision, a range of flea beetle

population probability distributions, rapeseed prices, and rapeseed

yields resulting from the various insectici.de sÈrategies were incorpo-

raied into the analysis.



Chapter IV

PRESENTATION AND DISCUSSION OF EMPIRICA]. RESULTS

4"r INTRODUCTION

This chapter presents a summary of the empirical results estimated

for the decision raodel specified in ChapÈer III. The chapter is dÍvided

into three sections" The first section summarizes and i.llustrates in a

decision tree fortnat the components which nake up this insecticide deci-

sion-making rnodel" 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 resulÈs calculated in

Èhe analysis. The final section is a summary of Èhe expecËed net re-

turns computed frorn the pay-off tables. These expected net return fig-

ures represent the results of the sensitiviÈy analyses performed on the

various components of the decision mode1.

4"2 INSECTICIDE DECISION-MAKING I'IODEL

The components of the insecticide decision-making roodel are i1lus-

trated in a logical decision tree format in Figure 4. l. This decision

tree describes, in sequence, t.he process by which the profit rnaximizing

objective may be att.ained. Given that rapeseed is to be gro\,ln, the pri-

mary producLion decision is the choice between Ëhe turo species. The de-

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

for recomr."U"U_";T.:t"t practices of rapeseed"35 s"" Appendix D
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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 coroparable conditions,

however, the B. campestris varieÈies yield about one-third l-ess 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 producer faces is the choice among the

seven alt,ernative flea beetle control strategies. The optimal choice is

determined by analyzing the expected ret.urns 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 reLurns. There are five main components of this decision pro-

cess which could affect the final outcome" The factors which nay change

the choice of the control strategy are: the type of rapeseed groT¡rn,

chemical prÍces and applicaÈion cost.s, effectiveness of Èhe chemicals

used, price of the final product, and the state of nature or damage 1ev-

el present in the systen"

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 greaÈer

yields than the B. campestris species, therefore the monetary returns

resulting are greater" Although the percentage of the erop 1osË between

rapeseed species is equal for a given state of nature, the roonetary re-

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

The possibility exists that a different optinal control strategy roay be

selecËed for B. napus because Èhe expected moneËary losses under no
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control are tnuch greaÈer than the losses suffered by the B" campestris

species.

Chemical prices and application costs are an important fact,or in the

determination of the optimal control strategy" If costs of a parLicular

strategy increase rel-ative to another equally effective strategy, the

optinal profit maximizing strategy v¡ould be to select the insecticide

which costs the least"

The effectiveness of the insecticide strategies r¡rere determined froro

Lhe respect.ive insecticide dosage response funcEÍons at the recommended

application rates. Each insecticidê's effectiveness was measured in

Ëerns of a percentage increase in yield over an unÈreated plot under

comparable damage conditions. Five 1eve1s of damage conditions r{ere as-

sumed and rapeseed yields resulting from each insect.icide strategy \¡/ere

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 acËua1 yields

could not be accuraËely deËerroined fron the avaifable data, two yield

ranges were t.aken for comparative purposes. From these unËreated yield

ranges, the yields resulting fron Ëhe various insecticide control strat-

egies were calculated.

Rapeseed yields are iuportant ín the decision process because they

may be nultiplied by a probability of occurrence and the price of the

final producË to forrnulate an expected return for each strategy. For

example, the application of an insecticide was assumed to result in a

parÈicular yield for each of the five possible states of nature. These

yieJ-ds, when nultiplied by the probabilíty for the states of nature,
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result in an expected yield. This figure uay then be multiplied by the

príce of the product less the costs of the chemical and application to

give the expected neË revenue" This is done for each conErol straEegy

and Ëhe optimal chosen maximizes Ehe expected net revenue.

The price of the f inal product r{ras est,imated by ordinary leas t

squares regression. Since the price of the product is an important fac-

tor in the decision process in terms of the producer's expeetations for

the future, three príce possibiliËies were given to provide a sensitivi-

ty analysis. The optinal control sËrategies are det.ermined from the ex-

pected net revenues t""rriting from each of the high, mediurn and low

price condÍtions.

The state of nature probabilities were the most difficult factor to

quantify and are t.he most imporlanË component in the formulation of ex-

pected net revenues. The entire decision-making process depends upon

representative probabilities for an opt.imal strategy to be selected. If

the damage sËates of nature were known r,rith certainty there would be no

need for this type of decision analysis. For example, if the probabili-

ty of a very 1ow danage state of nature were 100 percent, no insecticide

should be used because the flea beetle densities are insufficient to

cause a yíeld reduction. Sinilarly, a I00 percent probability of a very

high damage sËate of nature indicaEes Ëhat no insecticide should be used

because the flea beetle densities are so intense thaË the crop would be

lost at any application rate"

The three states of nature more in line with acLual damage conditions

are the low, average and high levels of damage. Each state of nature

utilízes an insecticide strategy Èo reduce damage, however, Èhe
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prediction of a 100 percent probabílity for a partÍcular state of nature

to exist is noË plausible. A wide range of cultural, climatic, and en-

vironmental conditions affects the flea beetle population dynamics, thus

t,hree probability distributions rvere utilized to provide a sensitivity

to the results" Based on historical and subjective information about

the probabilities, the three distributions were skewed to the Iow, aver-

age and high darnage states of nature, respectively, with the very 1ow

and very high levels of damage liuited to 5 percent probability of oc-

currence.

4.3 INSECTICIDE PAY-OFF TABLES

The following is a discussion of Ëhe results contained within the in-

secticide pay-off tables. Representative pay-off tables, one for each

species of rapeseed under si¡oilar product price and flea beetle damage

conditions, are presented.36 r.bl." 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 rnedÍum price

conditions and an average damage distributÍon.

I'rom these tables, several characteristics exist which are common to

the 18 combinations of sensitivity analyses performed on each of the ra-

peseed species. The 18 cornbinati.ons 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 cont.rol

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

36 S"" Appendix G for a complete listing of the pay-off tabl-e resulrs.
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89

sÈate of nature probability distribuÈion skewed toward 1ow, 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 resulËing from the

various control sËrategies. At the very low damage state of nature, the

preferred strategy is che do nothing approach with the remaining strat-

egies being ranked lower as cosLs 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 t,he third highest net return. In boËh the average and high

damage states of nat.ure, the single application of Furadan granular is

the preferred strategy, followed secondly by the Furadan in combination

wíth Lindane or a foliar spray. The do not.hing strategy is again pre-

ferred for the very high damage state of nature with Èhe other strat-

egies ranked according to the lower costs of application.

4 "4 SIII'ÍMARY OF EXPECTED NET R-ETURN RNSULTS

Each pay-off table indicates expected reÈurns net of chemical and ap-

plication costs for the seven flea beetle control strategies. The ex-

pected net returns are sumnarized fron the sensit,ivity analyses per-

for¡ued 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 rangesr rê-

spectively.
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Expected Revenues Net of Chemical Costs
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Expected Revenues Net of Chemical Costs
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Expected Revenues Net of Chemical Costs
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For illustrative purposes there corresponds to each tabl-ed summary of

expected net revenue results a set of bar graphs showing for the three

levels of damage distribution sker¿ness the expected neË revenues result-

ing at the medium price level. Figures 4"2 and 4.3 refer to the B. ¡s-
pus species of rapeseed low and high yield ranges, respectively, while

Figures 4"4 and 4.5 refer to Ëhe B. campest.ris species of rapeseed 1ow

and high yield ranges, respectively"

The najor characteristic common to each pay-off table calculated is

the ranking of the opEinal insecticide strategies. Optimal refers to

the strategy which provides the greatest expected net returns. These

returns are net, only of the ínsecticide and application costs, ignoring

Ëhe oÈher costs of production, since these are constant for all control

strategies. The optirnal- 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 Ëhe second ranked Furadan granular in conbination wiËh a

post-emergence spray, however the additional cost of the spray applica-

tion r"ras greater than the resulting benefits. A similar outcome was ob-

servgd 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 daroages aÈ any price level, the rankings of the

lindane seed treatment and the spray alternatives are reversed. The

least desirable, or the straËegy which provided the lowesE return net of

insectici.de and application costs, r^Tas the do nothing flea beetle

control straËegy.
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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 1ow yield range for the three proposed probability

distribuÈions and three rapeseed price levels. For the daroage probabil-

ity distribution skewed toward low damage, under low rapeseed price con-

ditions, the highest expected net return resulled frorn the single appli-

cation of Furadan" The expected net return r¡ras calculated to be

ç293"445 per hectare, which represented a net increase of $63.682 over

the receipts received from the do nothing control st,rategy for a $i3.664

per hectare insecticide applícation. This expected net increase in in-

come resulting fron the optimal Furadan granular application, as com-

pared with the least desirable do nothing strategy, rose by 978"477 and

ç93.272 per hectare under medium and high price conditions, respective-

1y.

Under conditions where the probability distribution was skewed toward

average damage, the expected net returns were less than the returns re-

ceived unde r 1ow damage skev,rnes s . Howeve r , when . compared wi th the do

nothing sÈrategy, the benefits received from the optimal application of

Èhe Furadan granular insecticide increased. For example, moving frorn

lov¿ to medium damage skewness under low price conditions, Èhe expected

net return is reduced by $I4"647 to $278.798 per hectare for the Furadan

granular application, but the expected neË benefit over the do noÈhing

strategy increased by $6.236 per hectare. A further reduction in net

returns results for the Furadan application under high danage skewness,

bui the net benefits of the insecËicide applicaËÍon increase when
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compared with t.he greater l-osses 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 priees were

ç73.720, $90.435 and $107.150 per hectare, respectively.

Table 4.4 provídes a listing of the expected net return results for

lhe B. napus varieties of rapeseed for Ëhe high yield range. The ex-

pected net returns for Furadan under 1ow, 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 condÍ-

tions, Ehe expected net returns are $61.018, $5B.It7 and ç54.743 per

hectare greater for the Furadan strategy for the high yield range. At

the high price 1evel, these figures are again increased Eo $70.816,

$67.449 and $63.534 per hectare for the 1ow, average and high damage

skewness, respectively.

Furadan, aE the lor¡ damage skemess and low price level, had an ex-

pected net return of ç344.665 per hectare whÍch was $76.626 per hectare

greater than the do nothing sËrat.egy. As the damage probability distri-

bution shifts to the average and high skewness, t.he expected net. returns

decrease to ç327.584 and $307.645 per hecÈare, respectively, at the low

price 1eve1. Ilowever, the benefits of the Furadan straËegy increase

r¿hen in comparison to the do nothing strategy. The expected per hectare

benefits are ç76"626, $83.907 and $88"354 under 1ow price conditions,

1ow, average and high damage distribution skewness, respectively" These

benefits increase under medium and high príce conditions" For medium

prices, the net benefiËs 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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wirh rhe do nothing srraregy increase ro $111"170, $12I.235 and $127.384

per hectare for low, average and high danage skewness, respecEively"

Table 4 "5 includes Ëhe expected net return summary of the analyses

performed on the low yÍeld range of the B. campestris species of rape-

seed. For the 1ow, average and high damage skewness and low price con-

ditions, the Furadan expected net returns are $191.763, $181.986 and

$f70.644 per hectare, respectively. These returns increase to $23i.059,

$2I9.4I2 and $205"900 per hectare for t.he 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 ç24I.156 per hectare. The expected

net benefits of the Furadan strategy as compared with the do nothing

strategy are $38.ii5, $42.289 and $44.873 per hectare for 1ow, average

and high damage skewness aÈ the low price leveI. These expecËed net

benefits increase to $48.020, $52.993 and $56.071 per hectare for the

medium price 1eve1. At the high price level, the expecÈed net benefits

are $57.925, $63.696 and $67.268 per hectare.

Table 4.6 is the listing of the results calculated frorn the high

yield range of the B. caupesËris species of.rapeseed. The opÈimal 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 reËurns increase to $271"876, $258.260 and ç242.395

per hectare under the nedium price condiÈions. The highest net returns

¡sithin each damage distribution skew-ness v¡as at the high price fevel.

These expected net returns are $317"726, $301.924 and $283.512 per hec-

tare. The expected benefits of the Furadan strategy, as cornpared with
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Èhe do noËhing sËrategy, are greater for the high yield range. The ben-

efits increase as the rapeseed price leve1 increases and as the damage

level becomes skewed toward high damage" The expected net benefits of

the Furadan application for the low price leve1 are $46.737, $51"606 and

$54"588 per hectare at the low, average and high damage skewnessr rê-

spectively" AË the medium price level, the expected net. benefits are

$58.291, ç64.092 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 SMûÍARY AND IMPLICATIONS

The empirical resulËs presented in this chapËer resulted from the in-

secticide decision problem, the components of which \,rere specified in

Chapter III. The flea beetle conËrol decision process that the producer

faces i-s illustrated in a decision tree formaË. The result.s presenËed

in this chapter are grouped into two sections. The first section is an

example of the pay-off tables estímated 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 calculaÈion of the ratio was made for each st.rat-

egyr the comparisons beÈween strategies \¡rere not valid" The limitation

r,rhich affected the validity was the use of the insecticides at the pro-

vincially recoumended application rates. These recommended rates vrere

set as a function of the bioiogicai responsiveness of the insecticides.



103

The limitation invalidated the premise that the straËegy 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 greatesË for the sErategy

that has a less than optimal expected net return, because the insecti-

cide may noE be applied at rates greaËer than recommended" Therefore,

an upper linit is set for the return expected. It is not knovm if the

benefit/cost ratio holds true for mult.iple applications of the insecti-

cide. IÈ would perhaps be useful to consíder insecÈicide strategies at

which equal costs Eay be incurred, so comparison of the benefit/cost

ratios between strategies would not be impaired by Ëhe recommended rate.

However, the recommended rates T¡rere set for other than economic consid-

erations, and social and environmental costs may be nore important at

great.er than recommended rates. It is ín the producer's besË interest

to maximize his net return per area planted rather than per dol1ar in-

vested as measured by a benefit/cost ratÍo, because of the upper limit

of the number of doll-ars 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 optiroization of producer returns occurs when Èhe Fu-

radan 5 percent in-furrow granular insecticide is used. However, with

beEter information concerning the nature of the fl-ea beetle population,

it is plausible Èhat the probability of damage distributions could be

revised. For instance, as the probability of a populaÈion approaches

100 pereent, different cont.rol- strategi es would be implemented to
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rnaximize expected net returns" Under very low and very high damage

conditions, no insecticide would be advised" At low danage conditions,

lindane in combination with foliar spray would maximize returns. Fura-

dan granular would be recommended for the average and high damage condi-

t.ions.



Chapter V

SUMMARY AND CONCLUSIONS

5.1 SI]HMARY

The problem sÈudied in this thesis Ís the economic evaluation of t.he

effectiveness of available flea beetle control strategies. Three main

objectives r^rere def ined in stating the problen. The objectives were:

to review the pertinent theories of insecticide use, to estimate rape-

seed yield responses resulting from particular insecticide straÈegies by

analyzing the available experiuental plot data, and finally, to incorpo-

rate the above infor¡oation into a form by which an j-nsecticide straËegy

roay be optirnally chosen under various price and darnage condition esÈi-

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 weli as irnplications for

further research are also discussed"

To fulfi11 the objective of revÍewing the theories of insecticide use

which apply to evaluating the effectiveness of control of flea beetles

on rapeseed, a wide variety of articles r^¡ere examined. The literature

review covered the theories of insecticide use from three perspectives.

The first regarded the classical economic opËinality conditions for ef-

ficient resource use as the basis of analysis. Inperfect knowledge sur-

rounding the use of insecticides was recognized in the second

-105-
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perspective as an important consideration, and was included in analyzing

producer pJ-anning decisions" Gíven the uncerÈainties of pest control,

Èhe final perspective is the presentation of the possibilities that in-

surance and infonnation services would perhaps reduce unnecessary insec-

ticide applications Lo attain a socially preferred level of insecticide

use while maintaining the private optima. The private optimality con-

siderati.ons 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-

secÈÍcide use under conditions of certainty. When considerÍng addition-

aI successive increments of an inpuË to the production process, holding

all other inputs constant, optimal input usage occurs at the point where

the value of the marginal product for t,he last uniË of input added is

equivalent to t.he price or marginal cost of that input. The applica-

tions to opÈinal 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 estimaÈed for a partic-

ular level of pest infesËaËion with the optimal dosage deËermined by the

slope of Ehe dosage response funct.ion tangent to the slope of an output

price-inpuE cost relationship. This príce-cost relationship is deter-

mined by a nuraber of factors. Hillebrandt investigated Ëhe possibili-

Ëies of increasing and decreasing cost functions, and their effect on

optinal pesticide rates.

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

iicides ín agriculiural produciion differed from the Èheoretical
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economic optinum. The conclusion $ras reached that, on average, a $4

rnarginal value product results from a $1 outlay for the pesticide in-

Puts. AlËhough the results of the analysis are Ín 1963 terms, Headley's

explanaËion for the imbalance in the pesticide market is sti1l relevant.

The imbalance is suggested to be Ëhe primary cause of the large increas-

es in demand for effectíve chemical-s for agricultural- pest control. The

deraand stems from producers who are adopÈing technological innovations

to maximize net reÈurns.

Headley, in later research, defined in economic terms the concept of

a threshold pest population. rt is this pest populaËion at which the

cosÈ of conËrol 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: Ëhe 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 Ëhreshold is also the desired leve1 of pest population.

ConËrol of pest densities Eo levels less than Lhe desired 1evel requires

a cost marginally greater than the marginal revenue received from the

croP saved. Also, if pest densities are controlled to levels greater

Lhan optimal, the revenue lost is greater Èhan Ehe cost savings.

The economic t.hreshold pest population r^ras redefined by Ha1l and Nor-

gaard and included the concept of tirning of the pesticide application as

a determinant in opÈirnal pest management. The timing of application is

described as being independenË of crop prices and chernical costs. The

príce-cost rel-ationship affecËs only the rate of pesticide application"

The Èining of application is defined frorn Ëhe biological interaction of
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the crop-pest-pesticide relationship" The major variables affecting

this relaÈionship 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-

oretíc approach Ëo pest Danageuent r,ras utilized to incorporaÈe the un-

certainties of production to aËtain the goal of profit or utility maxim-

ization" With decision theory, each of the relevant components of the

problem is identified. All possible acÈions or pest control alterna-

tives are listed as are the outco*"" tt.t resul-t for each state of na-

ture or unknown level of pesË damage. The sÈaËes of naÈure 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 situatÍon. The subjective proba-

bility distribution may be updated with the use of Bayes's theorem and

current forecast ínformation 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 Èhe pest. control decision process,

The Èhird perspecEive 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, eÈ a1 ", \¡ras that by reducing uncertainËy, the 1evel of in-

secticides used would decrease. Two possibilities r¡rere presented for
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reducing the uncertainties of pest control. Insurance a1Èernatives and

information services were analyzed in terms of effecËiveness, cost to

the public, and the 1eve1 of acceptance by the target group of produc-

ers. In this study, it was suggested that low cosÈ specific-risk insur-

ance would cause a reducËion in the number of unnecessary applications

which were previously used for self-insurance purposes. Information

services were also suggested to reduce unnecessary pesticide applica-

Èions by providing an increased level of awareness about the actual dam-

age conditions. Simulations r,rere perfor¡aed Eo analyze the ef fect of ac-

ceptÍng a pest control alternatíve. Producers \¡iere calegorized as

either informed or uninformed, defining whether or not insecticide ap-

plications vrere carried out at economic Èhreshold levels. Seven insur-

ance alternatives \.rere presented Èo producers at varying premíum subsidy

levels. It was concluded that the insurance policy alternatives would

reduce insect,icide use, but only under very high subsidy 1eve1s" The

level of reduct.ion of insecticide use differed widely depending on the

type of producer, the particular policy, and the leve1 of subsidy. The

informed producer would be willing to utilize insurance at subsidy 1ev-

e1s over 50 percent, however, some policies resulted in no reduction of

insecticide use. The uninformed producers r^7ere inflexible and slight

reductions in insecticide use occur only at I00 percent subsidy 1eve1s.

The conclusion was reached by l'liranowski, et a1., that information ser-

vices lrere superíor to Èhe insurance alternatives in terms of public

cosË effectiveness in reducing insecticide use. For a $3 per acre cost,

the potential for a 30 percent reduction in insecÈicide use occurred for

Ëhe informed produeer. The informatj-on services would be readily ac-

cepËed if the potential benefits r{ere 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" I,Iithin a certainty

context, the fulfill¡nent of the objective of interpolating the available

test plot data inlo economic terms, the concept for dosage response

functions as defined by Hillebrandt, \ras used" The second perspective

of Ëhe economics of pest control, as enployed by Carlson, provided a

framework by which expect.ed reÈurns could be maximized under condiÈions

of uncertainty in the production process. The Èhird perspective lras

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 irnproved information is

indÍcated in the suggestions for further research.

Dosage response functions that were estimat.ed for the various beetle

control strategies relate to Lhe crop yield resulting from an insecLi-

cide application. The dosage response functions, similar to a standard

product.ion function, were estiuated by varying the rat.e of insecticide

application holding al1 other inputs constanË using experimental plot

datar 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 llas defined as the insecticide dosage response func-

tion relating to average damage conditions" The tenn damage condition

refers Ëo a particular combination of insect damage, climatic, environ-

mental and cultural conditions, defined in this analysis as Ëhe prevail-

ing damage sÈate of naËure. The state of nature varies from year to
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year, therefore dosage response funcËions were also estimaËed for high

and 1ow sËates of nature, The tvlo assumed dosage response functions re-

late to very 1ow and very high damage states of nature" Very 1ow damage

conditions refer to an insignificant population of flea beetles which

would not affect rapeseed yields, while at very high daroage conditions,

no anount of insecËicide applied could offset the total destruction of

the crop.

PercenEage 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 insÈances, correspond to the recommended application rate. For

insecticide combinations, the percent increase j-n yield calcul-ations

utílized yield responses from inferred dosage response functions. The

functions were inferred in the sense Ehat the results from one plot ex-

periment were used to deÈermine the percent additions to yield over the

single insecEicide treaËmedt.

As the 1evel 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 r,rere determined for low, average and high daroage con-

ditions for each control sËrategy, holding the application rates con-

stanÈ. For the very 1ow and very high damage conditions, iÈ was assumed

that no change in yield would result from an insecticide treatment"

The perfontrance of the control strategies, in terms of yield respon-

ses, differed stightly as the leve1 of danage increased. Under low con-

ditions, the lindane and spray combination provided the greatest
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percentage íncrease in yield over an untreated plot. Furadan in combi-

nation with either a lindane seed treatment or a post-emergence foliar

spray was estimaËed Ëo 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 1in-

dane or spray combinations.

Three probabiliËy distributions for damage conditions \¡/ere postulated

to provide a sensitivity of flea beetle densit.y expectations. The dis-

tributions are subjective in nature because the historical fl-ea beetle

population surveys are not readily amenabLe to objective probabilistic

assessment. Also, the rapeseed damage caused by flea beetles may be ac-

cenËuated or reduced by a cornbínation 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 r,rith other influential

factors is assumed with five graduations from very low to very high dam-

age. The estimated distributions are al-so 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 tr^Jo species of rapeseed were

assumed to be given by the prevailing sËate of nature. For complete-

ness, two ranges of rapeseed yields were used for each species. Each

range had five graduations from very 1ow to very high yields resultÍng

from very high to very low levels of danage, respectively. These yields

were assumed to be representative of the yields obtained under no flea

beetle conËro1, Given a particular eontrol sËraLegy, the yields were
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adjusted by the percentage íncrease in yield calculated by the respec-

Ëive dosage response function and damage state of nature.

The rapeseed prices and chemical costs used were in 1981 Lerms. The

rapeseed prices were determined by linear regression on annual data for

Ëhe past 20 years" Sensitivity analysis of the price result.s v¡as pro-

vided by estinating high and 1ow prices. These prices were derived by

taking a one standard deviation interval on either side of the estimated

average price 1ine"

The cornponents of the decision problem ouËlined above are corobined in

a decision-theoretic framework as in the second perspective of the Iít-

erature revi.ew. To fulfil1 the final objective of evaluating in econom-

ic terms, the al-ternative flea beetle control strategies, private costs

and reÈurns of treatments were incorporated in pay-off tables. Five

damage states of naËure 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 vrere calculat-

ed for Ëhree rapeseed price levels less onl.y the insecticide and appli-

cation costs. To calculat.e net return expectations for each insecticide

strat,egy, a damage probability distribution was used. The basis for the

selection of the opËinal insecticide sËrategy was the ¡caximization of

expected net. returns"
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5"2 CONCLUSIONS AND LIMITATIONS

The results of Ëhe sensitivity analyses performed on the pay-off ta-

b1es, in terms of the assumed probability of damage distributions and

rapeseed price levels, indicate that the Furadan 5 percent granular in-

furrow st,rategy provided the highesË expect.ed neÈ 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

treatmenË. However, the additional cosË associated with Ëhe spray and

lindane application ranked these strategies second and third, respec-

tively. The lindane and spray conbination would be the preferred sËrat-

egy given a cert.ainty expectation of lor¡ flea beetle damage, however

given the probabilities used in Èhis analysis, the strategy is ranked

fourth. The spray by itself ranked fífth erith the lindane seed rreat-

ment sixth. However, when the probability of damages disËribution is

skewed Ëoward high damages, the lindane seed treatment provides a

slightly beËter reÈurn than Èhe spray. The least desirable strategy, in

terms of expected net returns, was the do nothing strategy, however it

would be preferred given the certainty expectati-on of very 1ow or very

high damage conditions.

The resulËs calculated based on plot data coincide with the cont.rol

sÈrategy rankings detennined frorn the survey, as presented in Appendix

A. The average provincial rapeseed yield as determined frorn Ëhe survey

results was 20"2 bushels per acre. Furadan granular yíelded 24.4 bush-

els per acre whíl-e the lindane seed treatments yielded 21.0 bushels per

acre. The do nothing control st.rategy with ten sample observaÈions

yielded only 10.6 bushels per acre.
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IrIithin 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 reÈurns resulting from the various control

strategies remained unchanged" Also, the three probability of damage

distributions utilized failed Ëo change Ëhe optiural straËegy. Although

the expected net return values decreased as the damage probability dis-

tribution rvas skerved toward higher damage, the reduction had no effect

on the optinal choice

To fulfill Lhe objectives set out ín Chapter I, several assumptions

were made which may impose some limitations on the interpretation of the

results. From the prÍ.roary plot data that was used to estimate the dos-

age response functions, yield inf erences \,rere made to the l_ess cont-

rolled conditions present in a producer's field. To provide enough of a

range of inseclicide application rates for curve estimation, cross sec-

tional and time series data were pooled and aggregat.ed. 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 rnay be exaggerated by environmental and cultural

condiËions. Because these exËernal factors could not be excluded even

on a ploË basis, the concept of damage condítions was assumed ¡o incor-

porate Èhe variation in yields. Five levels of damage conditions vzere

assuned from very low to very high and were referred to as states of na-

ture. From the damage state of nature, of which fl-ea beetle densÍties

ate a part' a parËicular yield of rapeseed results. The yields differed



ri6

because of the characteristics of the species gror^m and the areas that

Ëhey are grown in. A range of rapeseed yields t,ras assumed under condi-

tions of no insecLicide control. The percenËage 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 calcul-ation of expect.ed net returns required the estimaÈion of a

probability of damage distribution. The distribution was constructed by

combining historical and subjecÈive evaluations of the pest situaËion.

A choice of three levels of skewness for the probability distribution

enabled a sensitivity analysis of Ëhe resulÈs. The estimated damage

distributions may be found unrepresentative, given further research into

the quantification of the probabilistic flea beetle damage expecta¡ions.

llowever, alrhough 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 opEimal st.rategies occurred.

5"3 SUGGESTIONS FOR FURTHER RESEARCH

It would be useful to have updated infornation dealing with actual

flea beetle conditions. rnformation, as concluded by Miranowski, et

a1", reduced unnecessary insecticide applications due to the uncertain-

ties concerning pest control. Information could also promote the use of

an optmal pest managenent strategy. I,Iith 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

leve1 of ar{areness ¡.¡ould be beneficial to the producers. The survey
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indicated índicated that 74 percen! of Ëhe I'faniËoba producers used ín-

secticídes to control for flea beetles. Of these producers only 45 per-

cent used the strategy ranked fÍrst by this analysis" This low accep-

tance by producers could perhaps be overcome if the potential benefits

lrere publicized" Information updates would be useful in formulating

posterior damage distributions, as done by Carlson using Bayes's theo-

reu" A rnodel for forecasting flea beetle densities based on past popu-

lations, cultural- and environmenËal conditions would be useful for in-

corporation into producer planning decisions.

In this analysis, the dosage response functions for each insecticide

were esËimated utilizing experimental plot data at application rates

near to the recommended rates. The accuracy of the curves ouËside the

range of the data is questionable and it would be useful Èo see what

happens to yields aË application rates greatly different than recommend-

ed. Experiments performed aE these rates r,¡ould test the accuracy of the

estimated functions. In tÈris thesis, recommendations were made for ac-

tual- fields from data calculated from experimental p1ots. lleasurement

of insecticide effectiveness on commercial fields would enable us to de-

termine whether the economic analyses performed are sufficiently realis-

tic.

Because of t.he toxicity and persistence of the insecticides used,

further research into t.he potential health hazards and negative environ-

mental effects would give more meaning to the costs of application re-

ported in this thesis" The eosts reported in thÍs thesis were in pri-

vate terns, but for completeness, negative exËernality effects should be

included in ihe deË,ermination of an opËÍma1 pes! control strategy.



BIBLIOGRAPHY

Agrawal, R"C. and
Agricult.ure, "
1968 "

E.0, Headley. rrApplications of Game Theory in
Journal- of Agricultural Economics. Vol. 19, No. 2, l{ray

Agricultural rnstiÈute of canada. I'Pesticides, Agriculture and the
EnvironmenEril Agronel¡s. January IgBI.

Anderson, Jock R. "Risk Efficiency in the Interpretation of
Agricultural Production Researchr" Review of l"Iarketing and
Agricultural Economics. VoI. 42, No. 3, September I974.

John L. Dillion and Brian Hardaker. Agricultural Decision
Analysis. Ames, Iowa: The Iowa State University press, Ig77 

"

Bauer, L. "Risk and UncertainÈy: How to Handle in planning and
Practice.r' Paper presented to the Farn Managenent and. Agricultural
Appraisal 1978 Proceedings, in cooperation vrith the Agriculturar
rnstitute of canada Annual conference, Regina, saskatchewan, July
r97 8.

Bullen, F.T. "Benefit/Cost
ProLect ionr tt Proceedings
5, r970.

Analysis of Varíous Degrees of Crop
of the Ecology Society of Australia. Vo1.

Burgess, L., J. Dueck, G.A" Petrie and L.G. Putnam. Insect pests and
Diseases of Rape and Mustard. Vancouver, British Cof"m¡ia: nap-eseed
Association of Canada, No. 48, November 1977.

. "Flea Beetles (Coleoptera: Chrysomelidae) Attacking Rape
crops in the canadÍan Prairie Provincesr" canadian Entomologist.
Vol.109, No.1, January 1977.

Buse, Rueben c. and Daniel I,I" Broneley" Applied Economics: Resource
Allocation in Rural America. Ames, rowa: rowa staÈe university
Pr"s", lgZS; 

-Canrnell, M.E. and M"J" I^Iay. I'Economics of
Control of the Black Bean Aphid, Aphis

Forecasti-ng for Chernical
Fabae, on the Field Bean,

Vicia Fabar" Annals of Applied Biology. Vo1. 85, No. 3, April 1977"

Carnpbell, Harry F. I'EstimaÈing t.he l"larginal Productivity of
Agricullural PesÈicides: The Case of the Tree-Fruit Farms in the
Okanagan Valleyr" Canadían Journal of Agricul-tural Economics. Vol"
24, No" 2, JuIy 1976"

- 118 -



1i9

Canada Department of Agriculture" Pesticide Research Report. Compiled
annually by the Expert CornmitteffiiãTgric"1ture,
L967-I979, inclusive,

carlson, Gerald A. "A Decísion Theoretic Approach to crop Disease
Prediction and Controlr" American Journal of Agricultural Economics.
VoI" 52, No. 2, May 1970.

. ttlnsurance, Information, and Organízat-ional Options in pest
Review of Phytopathology" Vo1" 17 , 1979.Management r 

tt Annual

. "EconomÍc and Biologíca1 VarÍab1es Affecting Demand for
Publicly and Privately Provided pest rnformation.rt paper presented
aË the American Agricultural Economics Association Annual l{eeting,
university of rllinoi.s, urbana-champaÍ.gn, rllinois, July 27-30, I980.

and C.E. Main. ttEconomics of Disease-Loss Managementrrr Annual
Review of Phytopathology. VoI. L4, I976.

Cochran, Mark. rrselecÈion of 0pËinaL Pest. Ilanagement Strategies Under
uncertainti-es: A study in Apple production.tt An unpublished mimeo,
1980.

croft, Brian A. rtPotentials for Research and rrnplementation of
Integrated Pest Management on Deciduous Tree-Fruitsrt in Pest Control
SÈraËegies. Edward H. Snith and David Pirnental (e¿itors), llewJort i
Acadenic Press, I978.

Canada Grains Council. Canadian Grains Industry:
80. Winnipeg, ManitoEãlì98õ.

Daniel , I.iayne W" Applied Nonparametríc
Mifflin Company, I978.

Statistícal Handbook

Statistics. Boston: Houghton

Dillion, John L. and R"R. Officer. "Economic vs. Statistical
Significance in Agricultural Research and Extension: A Pro-Bayesian
Viewrtt Farm Economist. Vo1. 12, No. 1, L97I.

Ehrlich, rsaac and Gary s. Becker. "Market rnsurance, self-rnsurance
and self-ProtecÈionr" Journal of political Economy" vo1. 80, No. 4,
July/August L972

The Faculty of Agriculture. Principles and Practices of Cornrnercial
Farming. Fourth and FifiËh Editions, Winnipeg, lulanitoba: The
University of Manitoba, I974 and 1977.

Feder, Gershon. trPesticides, rnf ormation, and pest I'fanagement under
uncertaintyrrr American Journal of Agricultural Econouics. vo1. 61,
No. I, February t}l9.

Fischer, Levris A.
Canadian Journal

oosome Economics
of Agricultural

of Pest Control in
Economics. Vo1.

Agriculture, tt

16, No" 2, June
1968.



120

Framingham, C.F" and Associates" "1980 Cost of Soybean Production Study
for Manitoba." University of Manitoba, Department of Agricultural
Economics and Fann Management , I.rlinnipeg , I'fani toba , 1980 "

Hall, Darwin C. "The Profitability of Integrated Pest, lvfanagement: Case
Studies for Cotton and Citrus in the San Joaquin Val1eyr" Bulletj-n of
the Ent.omological Society of America. Vol" 23, No. 4, December 1977"

and Richard B. Norgaard. "On the Tirning
Pes t icides r 

tt American
No" 2, May L973.

Journal of Agricultural
and Application of

Economics. Vo1.55,

Hanemann, W. Michael and Richard L" Farnsworth" "Risk Preference and
PercepËions in the Use of I"P"lf"" Working Paper No. 8I, California
Agricultural Experiment Station, Giannini Foundation of Agricultural
Economics, March 1980.

Halter, Albert N. and Gerald I^l . Dean.. Decisions Under Uncertain!¿:
WiËh Research Applications. Cincinn"ti: Sorrtfr-Western euUfistting
Co., I97I.

Headley, J.C. "Estimating the ProducËivity of
American Journal of Agricultural Econornics.
i968.

for the
tglz.

ttDef ining
Future.

the Economic Threshold" in
Iriashington, D. C. : National

Agricultural Pesticides r "
Vol. 50, No. 1, February

Pest Control Strat.egies
Acaderny of Sciences,

. ttThe Economics
Pest Management.. R.L.

of Pest }fanagement" in Introduction to Insect
Metcalfe and W.il. i,uckman (editorÐ,-New-Tõik-:

M" "The Econonic Theory of the Use of Pesticides,
Vol. 13, No. 4, January

John tr^liley, I97 5 .

. "The Economics of Pesl llanagement by Individual Growersr"
Iowa State Journal of Research. Vol. 49, No. 4, May 1975.

. "Econornics of Pest Control: Have Priorities Changed?" Farm
Chemicals. Vo1" 142, No. 2, ApriL L979.

Heady, Earl 0, Economics of Agricultural Production and Resource Use.
Englewood Cliffs, New Jersey: Prentice-Hal1, Inc., 1965.

Hillebrandt,
Part I, tt

1960.

PaËricia
Journal of Agricultural Economics "

. "The Economic Theory of the Use of Pesticides, Part II,
Uncertainty,
June 1960.

" Journal of Agricultural Economics. Vot. 14, No. I,

Johnston, S.J
HiIl Book

. Econometric
Company, L972"

Methods. Second Edition, New York: I'lcGraw-



I2I

Kennedy, J.S. "The Motivation of Integrated Controlr" The Journal of
Applied Ecology. Vol. 5, 1968.

Koutsoyiannis, A" Theory of Econometrics. Second Edition, London: The
MacìÍi1lan Press Ltd", 1978.

Larob, R"J" "Biological Considerations for an Economic Analysis of
InsecÈ Pest I'lanagement in Rape." Winnipeg, Ifanitoba: Canada
Department of Agriculture, December I979 (uimeographed).

. "Hairs Protect Pods of llustard (Brassica Hirta 'Gisilba')
Fron Flea Beetle Feeding Danagertr Canadian Journal of Plant Science.
Vo1. 60, No. 4, October 1980.

Layard, P.R.G. and A.A. Walters. I'ficro-Econoroic_ Theory. New york:
McGraw-Hill Book Conpany, 1g7B

Longworth, J.W. and D. Rudd. "Plant Pesticide Economics and Special
Reference to Cotton Insecticidesr" Australian Journal of Agricul-tural
Economics. VoI. 19, No. 3, December 1975.

Manitoba Department of Agriculture. I'fanitoba Agriculture Yearbook.
triÍnnipeg, Manitoba, 1978 and 1979.

. Rapeseed '80. An eight lesson course adapted by the I'fanlt.oba
Depart.ment of Agriculture, produced by the Alberta Department of
Agriculture, and presented to western Canadian rapeseed producers,
I,Iinnipeg, Ifanitoba, 1980.

Entomology Section. Insecticíde Handbook: For Manitoba
Pesticide Dealers and epplicato@itoba, i980.

Technícal Services Branch. 1980 and 1981 Manitoba Insect
ConËrol Guide. l{innipeg, }fanitoba.

Martin, Marshall A., Christopher A. Cashnan and Bruce A" McCarl.ItEconomic Impacts of Restrictions on Seleeted Soybean Insectícides:
An Analysis of a Typical Indiana Farrn." A paper submitted for
consideraËion as a selected paper for the 1980 American Agricultural
Econoroics Association meeÈings, University of Illinois, Urbana-
Champaign, Illinois, July 27-30, 1980"

Miranowski, John 4., Ulrich F"W" Ernst and Francis H. CummÍngs. "Crop
Insurance and Information Services t.o Control Use of Pesticides."
lrlashington, D"C. : Environmental Protection Agency, EPA-600 /5-74-018,
September I974"

National Research Council Committee on Plant and Animal Pests.
Principles of Plant and Anirnal- Pest Control , Vol-une 3: Insect-Pest
Management and Control. I,lashington, D.C.: National Acaderny of
Sciences, Publication 1965, 1969.



r22

Newton, Carlton M. and trÏillian A" Leuschner" "Recognition of Rísk and
Utility in PesË Management Decisionsr" Entomological Society of
America Bulletin" Vol" 21, No" 3, L975.

Norgaard, Richard B" "Integrating Economics and Pest Managementtt in
Integrated Pest llanagement" J"L. Apple and R.F. Smith (editors), New
York: Plenum Press, 1976"

Norton, G.A" "Analysis of Decision-Ifaking in Crop Protectionrtt Agro-
Ecosystems. Vol" 3, No" 1, August 1976"

Osgood, C"E. "Damage Assessment as Part of Flea Beetle I'fanagement on
Raper" Proceedings of the Twenty-Second Annual lleeting: Agricult,ural
Pesticide Society. Brandon, I{anitoba, June 23-25, 7975.

Pimental, David and John H. Perkins (editors)" Pest Control: Cultural
and Environuental Aspects. Boulder, Colorado: WesWier press, ilBO.

Putnam, L.G. rrlnsect Pests of Brassica Seed Crops and Flax: Economics
and Control" in Oilseed and Pulse Crops in l,Jest.ern Canada - A
symposium. J.T.@), cargary, Albetta: wesrern
CooperaËive Fertilizers Ltd., L975.

. "Response of Four Brassica Seed Crop Species to Attack by the
Crucifer Flea Beetle, Phyllotreta Cruciferaer" Canadian Journal of
Plant Science. Vol. 57, No. 3, July 1977.

Raiffa, Howard. Decision Analysis: Introductory Lectures on Choices
Under Uncertainty. Reading, lfassachusetts: Addison-Wesley
Publishing Corpany, Ig7O.

Reichelderfer, KaÈherine H. "A Simulative Approach to the Comparison of
Alternative Methods for the ConËrol of Mexican Bean Beetles on
Soybeans." Unpublished doctoral- dissertation, College Park:
University of Maryland, I977.

. ttEconornics of Integrated Pest Management: Discussionrtt
American Journal, of Agricul-tural Economics. Vol. 63, No. 5, Deceuber
i980.

and Filmore E" Bender" A Simulative Approach to Controlling
Mexican Bean Beetle on Soybeans in Maryland. College Park, I'laryland:
Matyla"d Agric"fturaf nxpãriuent St"tio", Uo. 935, October Ig78.

" "Application of a Simulat.ive Approach to Evaluating
Alternative Methods for the Control of Agricultural Pestsr" American
Journal of Agricultural Economics. Vol. 6I, No. 2, May 1979.

Ruesink, I,fi1 lian G. "Economics of Integrated Pest Managenent:
Discussion - An Entomologist's View of I.P.M. Research Needsr"
American Journal of Agricultural Economics. Vol. 62, No" 5, December
1980 "



r23

Saskatchewan Department of Agriculture, Plant Industry Branch" "List of
Seed TreaËment Products for Use on Cereal and 0i1seeds." Regina,
Saskatehewan, 1980.

Schlaiffer, Robert.. Analysis of Decisions Under Uncertainty" New York:
McGraw-Hill Book Company , 1969 "

Shoemaker, Christine A" "Pest Management ì{odels of Crop Ecosystems" in
Ecosystem }fodeling in Theory and Practice: An Introduction with Case
Histories" Charles A.S. Hall and John W. Day, Jr. (editors), New
York: John l^iiley and Sons, L977.

Slovic, Pau1, Howard Kunreuther and Gilbert F. Whíte. "Decision
Processes, RationaliÈy, and Adjustment to NaÈural Hazards'r in Natural
Hazards: Local , National , G1obal . G.F. I,tlhite (editor), Londoi: -O*for¿ Uttivers.ity fress, Ig74"

Smith, Ray F. ttEconomic Aspects of Pest Controlr" Proceedings of the
Tall Timbers Conference on Ecological Aninal- Control Þy Habitat
l"lanagement. No. 3, I97 I.

. I'Pesticides: Their Use and LiroiÈations in Pest lfanagement"
in Insect Pesr !!¡r¡age¡rent: Readings. Merle Shepard (editor), New
york: ltSS fnf orrnation CorporationJgT3.

Southwood, T.R.E. and G.A. Norton. "Economic Aspects of Pest Ìfanagement
Strategies and Decisions'r in Insects: Studies in Population
Management. P.i^I. Geier, L.R. Clark, l.-l . en¿erson and n.A. Nix
(editors), Canberra: Ecological Society of Australía, I973.

Spur, I{i11iam A. and Charles P. Bonini. StaÈistical Analysis for
Business DecÍsÍons. Homewood, ltlinois: Rictrar¿ t. Irtiinr-Gc.,
rw3.

SËeel, Robert G.D. and James H. Torrie. Principles and Procedures of
Statistics" New York: McGraw-Hill Book Conpany, 1960.

Talpaz, Hovav and Itshak Borosh. "Strategy for PesEicide Use:
Frequency and Applicationsr" American Journal of Agricultural
Economics" Vol. 56, No. 4, November 1974.

-,G.L.Curry,P.J.Sharpe,D.W.DeMiche1eandR.E.Frisbie.

"0ptima1 Pesticide Application for Controlling the Bo11 I,1eevi1 on
CoLtonr" American Journal of Agricultural Economics" Vol. 60, No. 3,
August L978.

Taylor, C.R. t'The Nature of Benefits and Costs Associated with the Use
of Pest Control Methods.r' Paper presented aË the American
Agricultural Economics Association Annual Meeting, University of
Illinois, Urbana-Chanpaign, Illinois, July 27-30, 1980.



r24

Ronald D" Lacewell and Hovav Talpaz. "Use of Extraneous
Informatíon with an Econometric Model to Evaluate Impacts of
Pest.icide Withdrawalsr" Inlestern Journal of Agricultural Econoraics.
Vol. 4, No. 1, July 1979"

Thomson, l,I.T" Agricultural- Chemicals: Book I Insecticides " I977
Revision, Fresno, California: Thomson publicaÈions, I971"

Tummala, v"M" Rao and Richard c. Henshaw (editors). concepts and
Applications of }fodern Decision Models" East Lansing, ltictrigan: MSU
Business Studies, 1976.

Turnock, tr^i"J" ItAdaptability and Stability of Insect Pest Populations in
Prairie Ecosystems" in rnsect. Ecology - papers presented in the A.c.
Hodson Lectures. H.t'f. K¡Irnan and H.c. ctrGng fããiTõTÐl u"i".r"ity
of Minnesota Agriculture Experiment SÈation Technical Bulletin 310,
r977.

R.J. Lamb
Trap-Crop }fethod
1980.

and R.J. Bilodeau. "Report on: t97B Trial of the
of Flea Beetle Control in Rape." Unpublished mimeo,

Turnock, w.J. and D.J. samborski. t'ìfanagement of plant pests.rt paper
prepared for Ëhe Prairie Production Symposium, Saskatoon,
Saskatchewan, October 29-31, 1980"

van den Bosch, Robert. "The Cost of
No. 7, September L972.

Poisons r 
tt EnvironmenË. Vol. 14,

l.JebsËer, J.P.G. "The Analysis of Risky Farn Decisions: Advising
Farmers About the Use of Pesticidesr" Journal of Agricultural
EconomÍcs. Vol" 28, No" 1, January 1977.

I,iestdal , P.H. and I,I . Romanow. "Observations on
Beetle, PhyllotreLa Cruciferae (Coleoptera:

the Biology of the Flea
Chrysonelídae), "

Manitoba Entomologist. vo1. 6, I972"

. ttReduce Losses in Rapeseedrtt Ìrfanitoba Co-operator: Manit.oba
Crop Management Issue 1981. March 5.

Williams, D.B. "Price
Farmers in lllinois,
February I951.

Expectations
tt Journal of

and Reaction to
Farm Economics.

Uncertainty by
Vol. 33, No. 1,

Young, Douglas L" rrEstimation of
I'leasures.t' A paper presented
Association Annual Conference
Cruces, July 20-22, 1980.

Objectives and Synthetic Probability
at. the l{estern Agricultural EconomÍcs

New Mexico StaEe University, Las



r25

APPENDIX A

SURVEY QUESTIONNAIRE AND RESULTS



126

APPENDIX A

SURVEY QUESTIONNAIRE AND RESULTS

I{ithin this appendix are included the applicable insecticide section

of the 1979 Weed Survey questionnaire and relevant Manitoba resulÈs as

coropiled by Agriculture Canada in SaskaÈoon, Saskatchewan. This weed

survey had included an additional question dealing with fl-ea beetle darn-

age and insecticide conËro1 on rapeseed. The pertinent questions of the

survey are listed below. Although the survey r^ras not designed for the

purpose of economic analysis, especially the fornulation of damage prob-

abilities, insight into producer practices is useful.

The Manitoba portion of t.he survey had a total of 45 respondenËs who

greI4i rapeseed. 0f these, three observaEions \¡rere discarded because of

failing Ëo disclose ful1 informaEion. Rapeseed species proportions r^rere

deternined fro¡n Ëhe varietal results. It was calculated that about 80

Percent of Lhe rapeseed varieties gro\^rn in L979 r{ere of the higher

yielding B" napus species and the remainder of the B. campestris spec-

ies. These figures are represenËative of the species proportions growrt

in Manitoba over the past five years. Table 4.1 is a listing of the

relevant. ManiËoba survey results. Observations 17, lB and 24 were de-

leted because of incoraplete Ínformation.

From the survey, ít was determined that about 74 percent of the Mani-

toba rapeseed producers use insecticides to control for flea beetle dam-

age" Of Ëhese producers, 45 percent used an j.n-furrow treatment, 39
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percent a seed treatment, l0 percent a posË-emergence foliar spray, and

about 6 percent used a combination of t\.ro insecticides" This suggests

that Ëhe surveyed producers preferred the higher priced in-furrow Fura-

dan treatment.

Although the producer's assessment of flea beetle damage ís given,

Ëhe results are not readÍly amenable to economic analysis" There \¡ias no

clear set of guidelines by which the flea beetle damage could be accu-

rately calculated by the producer. The danage ratings between surveyed

producers are not comparable because there r^/ere no st.andards set for

ranking the 1evel of daraage. Also, for economic analysis, the benefits

from insecticide control could only be determined if it were knov¡n 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 benefiËs.
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1979 l{eed Survey Questionnaire - Selected Field

Location of Selected Field

ìfunicipali ty:

Questions

t. Present crop in field:

Variety:

2. Number of acres in field:

Yield of crop (bushels/acre):

II. If Èhe presenË crop in this field is rapeseed, please answer the
following questions"

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

no problem
light
medium
heavy

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

yes
no

(c) If you used chemÍca1 control, please indÍcate the specific
product applied:

Specific Product

seed treatment

in-furrow treatment.

posÈ-energence 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 8.1 is a listing for the years l9B0 and

198I of Ehe manufacturers suggested retail prices. The prices vrere con-

verted into price per active Íngredient (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-

datÍons, the cosË per uniÈ of active ingredient, and also the cost per

hectare and per acre of the singular insect.icide applications. Table

8.3 is the listing of the cost of the seven fl-ea beetle control strat-

egies including the insecticide combi-nations used in this analysis.

The cost of running a sprayer, in addiËion to the cost of the post-e-

mergence foliar insecticides, r¡ras deÈermined f ron IgBO cost d,^t^.37

These variable costs were adjusted to 1981 levels by adding tO percenr

to allow for inflationary increases in costs. The costs taken into ac-

count were fuel, lubricaËion and maintenance. The variable costs calcu-

lated rl7ere $0"224 per acre or $0.554 per hectare for I980. The 19gi

costs were $0.609 per hectare.

C"F" Franingham and Associates, "1980 Cost
Study for ManiÈobart (University of Manitoba,
Ëural Economics and Farm Management, I,linnipeg,

of Soybean Production
Department of AgrÍcul-
Manitoba, 1980) "

37
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Table 8.3

f.nsecticide Treatment Costs Per Unit Area*

Insecticide TreatmenË Cost Per Acre
i 980
i98I

Cost Per Hectare
19 B0
198i

Do Nothing

Furadan 5 G.

Furadan 5 G" plus
plus Gammasan 50 S.T. (lindane)

Furadan 5 G" plus
Supracide 25 E.C.

Gammasan 50 S.T" (lindane)

Gammasan 50 S.T. (lindane) plus
Supracide 25 E.C.

Furadan 4.8 Fl.

:

$4 .7 96
5.5298

6.456
7 .3698

6.551
7 .307

i.660
1.8398

3.r45
3.617

I .351
r.657

$r 1.8s2
13.664

r 5 .955
18.210

16.i90
I B .057

4. r03
4 "s46

8.441
8.939

3 .339
4 "059

=========================== ========= =========

*The cost.s íncluded the variable costs of using a sprayer for
the post-emergence foliar sprays.
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APPENDIX C

INSECTICIDE DOSAGE RESPONSE FUNCTIONS3S

Ïntroduction

This appendix summatizes all of the relevant insecticide experimental

plot results obtained from the published Pesticide Research R"port".39

CerËain experiments were discarded and data was aggregated and averaged

for various reasons which will be d.iscussed. From the remaining experi-

mental plot results, dosage response functions were forrnufaËed for each

chemical insecticide. The process of curve estímation relating rates of

chemical applícation Èo 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 Èhe process of curve estimation" All of the observatÍons \^rere from

the B. napus species of rapeseed. As explained earlier, experiments or

sample observations withÍn experiments hrere delered because of cultural

38^-" Dosage response refers to the percentage yield increases resulting
froru an insecticide application" The percentage increase being de-
rived fron the formula:

Treated Plot Yield - Unrreated Yield
% Change in Yield -- x 100

untreated Yield

of Agriculture, Pesticide Research Report, compiled
Expert Committee on Pesticide Use in Agriculture,

39 C"r,rdr DepartmenË
annually by the
1967-r979.
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Table C"1

Carbofuran Sample ObservatÍons
B. napus

================= == ========== ============ ============== == == ===== ==== ====

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

L

2

3
4
5

o "I25
0 .125
0.135
0.135
0"140

0 .210
0.2r0
0.2 r0
0.216
0 "224

0.224
0.224
0.224
0.224
0.224

0.250
0.250
0.280
0 .280
0 .280

0.280
0.280
0 .280
0.280
0.280

0 .280
0 .280

L979 May 28
L979 blay 28
1977 May 31
1977 May 3l
1976 June 2-3

1976 June 3-4
L976 June 3-4
I97 6 't{ay 26
1977 May 31
L979 May 3i

1979 June 5

1979 May 31
1979 June 5
1979 May 3I
1979 June 5

L979 tlay 28
I97 9 t{ay 28
1977 May 11-12
1976 June 2-3
1976 June 3-4

1979 June I I
1979 May 31
1979 June 5
1979 l"Iay 31
1979 June 5

1979 May 31
1979 June 5

59.63
16.77
79.52
25.26
49 "50

85.42
60.42
39.12
22.84
20"0r

8r .19
59.96
18 .23
r8.23
I9.58

7r.56
13"55
16.10
50 .00
77 "08

TT.24
75"02

715.42
100 . 12
25.01

27.32
53.3r

6

7

I
9

IO

11
L2
13
T4
15

T6
I7
1B

19
20

2I
22
23
24
25

26
27
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practices and yield gains incompatible wiÈh normal agronomÍc results.

Tli.e 27 observati,ons ranged in application rates from 0.125 through 0"280

kg"ai"/na. The percencage increase in yields resulting from these car-

bofuran application rates ranged from a low of 1I"24 percenË to a high

of LIs.42 percent" The recorded daÈes of seeding were utilized as a

method by which the particular observation could be traced back to Èhe

original experiment.

Figure C.1 is the graphical illustration of the carbofuran treatment

observations used. These observations r,rere aggregated into four groups.

Two of t.he groups were at each of the upper and lower bounds of the car-

bofuran application rate recommendations.40 wiafrin each of these groups,

Èhe yield results were averaged to avoid biases due to dífferences 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 (0.00i,0.001) was added to the data so the estimated line

woul-d approximately be fitted through the origin.

The process of curve estimation was done with ordinary least squares

regression using a number of alÈernative functional forms. The equa-

tíona1 forms that hrere tested are listed as foll-ows:

1"

)

3.

Yl =a*bx

Y2 = a * b x

Y3=a*b1nx

linear transformation

log-linear trans formation

double 1og-linear Èransfonnat.ion

Manitoba Department of AgriculËure,
Services Branch, 1980 ManiËoba Insect
Èoba, 1980), pp. 14-15.

Entomology Section, Technical

1n

1n

40

Control Guide (lJinnipeg, l'lani-
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Table C"2

Carbofuran Aggregated Sample Observations

No. Insecticide ApplicaEion Rate
Percentage Change in Yíeld

Over UnËreated Plots

. ...kg.ai" lha

0 .00r

0.r32

0.2i0

0.224

0 .00i

34.14

5r.95

37.79

5 0.280 55.06
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4,

5"

Y4=a+b/x

Y5=a*blnx

reciprocal trans formation

log-linear t rans formation

Each of these equations was graphed and compared, to determine the best

fit Èo the data. This was accomplished by raking the original experi-

menÈal plot data at the recomuended rates and comparing with the pre-

dicted values on each equaËion. Figure C.2 depicts the equation compar-

j.sons. Equations number 2 and 3 were discarded because of their highly

positive slopes vriËhin the recoumended rate ranges. Equation number I

proved to be a good fit within the recommended rate range, but implied a

constant linear increase in yield result.ing from equal increments of the

insecticide. Equation number 4, because of its maxinal asymtotíc prop-

erties, !üas Ehought to be the besÈ form under theoretical considera-

tions. For example, no mat.t.er hov¡ much of the insecticide ís applied,

only some maximal limit increase in yield could be atÈained. However,

wÍÈh equation number 4, this naximum yield was almost fu1ly attained aË

a relatively 1ow leve1 of insecticide application.

The chosen functional form of t,he estinated equation was:

Y=a*blnx

where:

Y = percent change in yield over an untreated plot,

x = rate of t.he insecticide application, and

a, b = coef ficient,s of the equation"
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Lindane Seed Treatments

The observations for the estimation of the lindane seed treataent

dosage resPonse function came from experimenLs perforned on B. napus ra-

peseed as did the carbofuran granular observaËions. The result.ing sam-

ple size is less than carbofuran at 16 observations. These observations

enconpass application rates over a wide range, from 5.7r to 93"75

gro.ai. /kg. of seed. The increases in yield resulting from a lindane ap-

plication over an untreated plot ranged from a 1ow of 5.62 percent to a

high of 72.7I percent. Table C.3 is the listing of all of the observa-

tions which were used in t.he dosage response function estimation.

The l-indane seed treatment observations were p1oÈLed, in Figure c.3,

t.o illustrate how they hrere aggregated into six groups. The observa-

Ëions r{ere averaged within the groups so a single point represented each

group. The resulting aggregated and averaged data is listed in Table

c.4.

Carbofuran Foliar Sprays

The experiuental observations utilized are listed in Table C,5. All

of tfre observations were obtained from experiments perforured on the B.

campestris species of rapeseed. The tests done on B. napus rapeseed

ïùere confined to a total of tr.¡o 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 wiËhin the

recommended application rate range of 70 to 150 gn.ai. /ha., and one

group is at. a rate much greater than what is recommend.d.4l

41 rui¿"
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Table C"3

Lindane Seed Treatment Sanple Observations

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

1

2
3
4
5

6
7

8
9

10

" 
gro. ai " /kg " of. seed .

5"7r
7 .68

r5.42
15.42
15 .42

15.50
r5.50
i 5.50
15.64
25.00

25.00
30.84
30. 84
31 .28
46.88

L97I ìlid-l"Iay
L976 June 2-3
I976 June 3-4
1976 June 3-4
L976 June 3-4

I97I }fid-May
1978 Mid-May
I97B Mid-May
1979 June I 1

197 6 \lay 26

L977 May 3l
1977 May It-I2
1976 June 3-4
1979 June 11
I97 5 tlay 28-29

9.79
27 "86
23.96
12 "50
62.09

55.96
7 2.71
48.63
5.62

TT.24

i 4.35
6.78

33.33
5.62

25.04

11
L2
I3
L4
15

L6 93 .7 5 197 5 t{ay 28-29 27 .03
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Tab1e C"4

Lindane Seed Treatment Aggregated
Sample ObservaËions

================== ================ =============== ============== =========

No. Insecticide Application Rate
PercenLage Change ín Yield

Over Untreat.ed Plots

gm. ai " /ke. of seed

0.001

6 "96

15.49

25.00

30.99

46.88

0.00r

18 "83

40.2r

12 .80

15.24

25.04

7 93.75 27.03
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Table C"5

Carbofuran Sprays Sample Observations

=========================== ===========================

No. Rate of Application DaËe of Seeding Z Increase in Yield

. " ..gn. aí. /ha" " "

70"00

70.00

70.00

1 40 .00

r 40.00

1 40.00

7 00.00

7 00 .00

1974 June 5

I97 4 May 6

I97l l{ay 12

1973. May 24

1972 lIay 16

I97I Ì{ay 12

I97I t[ay L2

l97O l{ay 2I

46 "50

r9.56

12.09

17.70

34,67

21.72

24.39

34.17
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The observations rdere averaged to a single point i,¡ithin each

Ëhese averages are listed in Table c"6" A1so, within this

durnmy observati-on (0"001, 0.001) is listed and is used for

sponse function estimation to approximate the origin.

150

group and

table, the

dosage re-

InsecËicide 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 cornbinations of insecticÍde applications

for that experimenE. The rapeseed was seeded at 5.6 kg./tra. on May lI
and 12, 1977 at Oakville' Manitoba on a 20 acre field. The plors within

the field were replicated nine times for each insecticide treaËment.

The spraying of Supracide occurred one week after crop energence. The

Gamuasan 50 percent and Lindasan 75 percent insecticides are the lindane

based seed treatments.

The cheurical co¡obinations 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 exauple, the Furadan plus a lindane seed treatment

yierded 0.830 percent better than Furad.an alone. This percentage in-

crease in yield was added to the dosage responses for Furadan, calculat-

ed earl-ier at each danage leve1, to formulate the corresponding yield

responses for the insecticide combination.
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Table C.6

Carbofuran Sprays Aggregated Sample Observations

= ================================= ========= =============== ==== === === == ==

No" Insecticide Application Rate
Percentage Change in Yield

Over Untreated Plots

0 .001

70.00

I 40 .00

0 .001

26.05

24.7 0

4 7 00.00 29 "28
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Table C.7

1977 Insecticide Trial Yield Results*

======================= === === ========= === ====

Treatment.s Seed Yield

.kg.....
0.280 kg.ai "/na" Furadan 5 G. 15.65

0"280 kg.ai " /na. Furadan 5 G. plus
14 grn.ai"/kg. seed Gammasan 50 percent 15.7g

0.280 kg.ai./ha. Furadan 5 G. plus
140 gro. aj-./lna. Supracide 25 E.C. 15.70

14 gn.ai./kg. seed Gammasan 50 PercenL 13.74

14 gm.aí"/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 gn.ai./kg. seed Lindasan 75 Percenr plus
140 gm. aí. /ha" Supracide 25 E.C. 16.4I

140 gro.ai./ha. Supracide 25 E.C. L4 "34

!Ï:l===========================================================11=11===

*P.H. I^Iestdal, l,l . Romanow and I^l .c. Askew, "comparison of the Ef-
fects of Different Insecticides, Applied for the Control- of the Crucifer
Flea Beetle on Rape, on Beetle Numbers, planl rnjury, Development and
Yie1d," in Pesticide Research R3lcr!, compiled annually by the Expert.
Committee on-Þesticiãu Use-in effiutrrrr 

",(ßll) , pp. 153-i54.
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Reaction of Insecticide to Type of Rapeseed

This section provi.des Ehe staËist.ical proof that the reaction of in-

secticides on B. napus and B. canpestris species of rape are equal for

t.he 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 $/ere estirnated us-

ing experimental observations from B. carqpestris rapeseed, while Èhe

functions for the seed treaEments were from B. napus rapeseed. Lirnited

numbers of yield results r¡/ere the most serious constraint to the analy-

sis, but also a range of application rates was needed for curve estima-

tion. The estination was confined to Ëhe experiments done on the par-

ticular species of rapeseed t.hat provided this rate range as well as

degrees of freedom.

For Ëhe lindane seed treatments, the 16 observaËions from the B. gg-

pus experinental plots had application rates rangíng from 5.7I to 93.75

gm.ai./kg. of seed. The number of observations obtained fron B. campes-

tris were limited to five points at. the single application rate of about

15.5 gro.ai./kg. of seed, At this application rate, the B. napus species

experiments had seven observations. The observations are l-isted in Ta-

ble C"8"

For the foliar spray experiments, eight observations

the B. canpestris plots to fornulate the dosage response

total number of observations in B" napus rapeseed were

at the application raËe of 70 gro. aí" /ha. Ar this rat,e,

tions were obtained from B" campestris experimenÈs" The

the foliar sprays are listed in Table C,9.

were used f roro

functions. The

confined to t\^7o

three observa-

data points for
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A statistical test was used to deternine if the samples of the two

chenical treatments v/ere significantly different within each of the Èwo

species of rapeseed" The Tukey's quick tesÈ was used to determine if

the samples came fron identical population".4'This test uËil-izes the

actual sanple 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 populaËions was accepted for both the

lindane seed treat.ments and the Furadan foliar sprays. Therefore, the

insecticide dosage response functions for one species of rapeseed woul-d

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 sane would hold true. The

percenÈage yield increases of the treated p1oËs over the control plots

for the seven treatment st.rategies, whether est,imated by or inferred

from the dosage response functions, would hold equal for both rapeseed

specíes: B. napus and B. campestris.

Wayne W. Daniel,
Mifflin Company,

Applied Nonparametric
1978), pp. 7 I-73.

42 Statistics (Boston: Houghton
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APPENDIX D

RECOM}IENDED CULTURAL PRACTICES FOR RAPESEED

Int roduction

This appendix contains a summary of dates of seedíng and rates of

seeding for rapeseed, which are recommended to western Canadian produc-

ers. The information presented includes recommendations for both Lhe

Brassica napus (Argentine) and the Brassica campesÈris (potistr) species

of rapeseed. This information was used as a partial criterion to rejecÈ

cert.ain experimental plot results. The date of seeding data, and Lhe

resulting number of frost-free days, was the sole criterion for the de-

cision between the species of rapeseed to be grovrrt.

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 spri-ng clinatic 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 ManiÈoba is illustrat-

ed in Figure D.1" For the B. napus and B. campesËris species of rape-

seed, the number of days required for maturity are 92 to 102 and 73 to

83, respectively.43

TL?'" The Faculty of
Farming, FifiÈh
roba, 1977), p"

Agriculture, Principles and
Edi tion (I,linnipeg , Manitoba :

108 .

Practices of Commercial
The Urjrt\rer"ity of ¡f""i-
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Figure D.1

Average Number of Frost-Free Days Above OoC

source: The Faculty of Agriculture, principr-es and practices of
.C="*r"""irt p."ri"g, For:rth B
University of Manitoba, 19TT), p. 19.
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The following is a summary of the effects that date of seeding have

on the rapeseed crop and the implicat.ions of these effects on this anal--

ysis. The seeding date affects seven characteristics of rapeseed pro-

duction: emergence, stand establishmenE, 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 relat.ed to the seeding date. The later in the

spring that planting occurs, the fewer the number of days to plant erer-

gence. AIso, as Ëhe soil watrtrs upr later in the spring, Ëhe rate of

seed germination increases. Table l.i contains the effect of date of

seeding on plant emergence and seed gernination. The results indicate

that the posËponement of planting nay be beneficial to plant yields.

However, there is a trade-off betv¡een the postponement of planting and

Èhe danger of serious losses in the event of fall frosts.

As a result of date of seeding, the number of days to plant maturity

ís greatly affected. AlÈhough a later plant.ing may result in the crop

naEuring Ín 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 rnaturity within the growing

season. A later planting dat.e still resulËs in a fall harvest later

than an earlier seeding date even though the number of days to uaturity

is reduced"

The date of seeding affects t.he seed yield to a significant extenÈ.

Although dependenË on other factors, such as soil, climatic, cultural

and locational conditions, the seed yield varies greatly if the planting

date is postponed" It is, therefore, recommended that the B. napus



r61

Table D " I

Effect of Date of Seeding on Plant Emergence
and Seed Gerroination

=== === === ====== === ============ ====== ====

Percent Seed Gennination

Days to Plant Emergence Soil Tenperature
Type of

Rapeseed Early May Late lfay Cool 5oC I^/arm l5 oC

B. campestris 8-1 r 5-7 30 >92

3==:nry=============l=11===========l=l============::========== ==a_=?_:====

Source: Manitoba Department of Agriculture, Rapeseed '80, an eight les-
son course adapted by the Manitoba Department of Agriculture,
produced by the AÌberta Department of Agriculture and presented
Èo I^/estern Canadian Rapeseed Producers (I.linnipeg, Manitoba,
1980)¡ pp. 525-526.



varieËies (t"tidas, Tor"rer, Regent) be seeded

the B" canpestris varieties (Torch, Candle,
l! ItJune"" Figure D"2 illustrates the effect

variations in planting dates. This figure

the yields resulting from the two species

abouÈ Ehe end of May" A farner would be

either species at this daÈe.

162

between May 5 and May 30 and

Span) be seeded before nid-

s upon yield resulting from

indicaÈes that, on average,

of rapeseed are equivalent

indifferent between planting

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. campesrris (eotisn¡

species are 4 to 7 kg ./ua. and 5 Lo 8 kg./ba., respectiruly.4s Fi-gure

D.3 is an illustration of the effect of seeding rate on yie1d, for two

planting techniques. This test of seeding rates performed on the B. ne-

pus speeies concluded t.hat. at rates above the recommended range only

marginal increases in yield resulÈ.46 41"o, r" illustrated in the fig-

ure, only a srnal-1 effect on yÍe1d results due to a variation of the

seeding rate r^rithin the recommended range under comparable conditions.

The Faculty of Agriculture,

Ibid., p. 518.

Ibid., p. 519"

44

45

46

op. ci.t., p" I12"
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( B. compeatris )

'@

r500 .ÂRGENTINE (8. nopuø l

Effect of Rate of

Figure D.2

Seeding on Rapeseed yield

Soi:rce: Manitoba Department of Agricultr.ire, Rapeseed. 'BO, an eight l-esson
corrrse adapted by the Manitoba Department of Agricul-ti.lre, produced
by the Alberta Department of Agricul-tr.lre and presented to Inlestern
Canadian Rapeseed Producers (Winnipeg, Manitoba, fgBO), þ"529"
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Figure D.J

Effect of Seeding Rate on Yiel-d

source: Manitoba Department of Agriculture, Rapeseed 'Bo, an eight fesson
course adapted by the Manitoba Departmentof Agricul-tçre, produced.
by the Al-berta Department of Agriculture and presented to Ir,Iestern
canadian Rapeseed producers (winnipeg, Manitoba, tl8o), p.5r9.
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APPENDIX E

}ÍANITOBA YIELD COMPARISON OF THE B. NAPUS AND B. CAMPESTRIS

SPECIES OF RAPESEED

This appendix ís a listing of the rapeseed species and varietal yield

performance in Manitoba" The data was col-lected from the 1977, 1978 and

1979 ManÍtoba 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.1. 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. canpestris species yielded on average one-third

(33.125 percent) Less than Ëhe B. napus species.
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Table E.l

Yield of Rapeseed Varieties in I'lanitoba

======== ====:::= ================ =============== =:=:= =================== =

Yield

Species and VarieËy L97 7 T97 B r97 9
Three-Year Species
Average Average

B. napus

Altex

Regent

Tower

B. campestris

Candle

Torch

r 460 1 310 I 383

1 545 r 426 I si3

2 280

2 .180

2 263

1 868

L 9I4

T 798

I 755

r 643

I 548

r 968

T 9L2

r 870

i 384

r 495

T 917

r 440
===============:===============================================

source: Manitoba Department of Agriculture, Rapeseed jgg, an eight 1es-
son course adapted by the Manitoba Department of Agriculture,
produced by Alberta Department of AgrÍculture and presented Eo
I^¡estern canadian Rapeseed producers, I.Iinnípeg, ManiÈoba, 1990,
p. 222"
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APPENDIX F

I"IANITOBA RAPESEED PRICE TRENDS

The purpose of this appendix is to present a sunmary of the daEa and

estimation procedures used to forecast 1981 rapeseed prices. The data

was obtained for the 20 year period from 1960 to 1979. The results uTere

estj-mated in a linear form by ordinary least squares regression. The

historical data as well as the estimated l-íne are presenËed in a graphi-

cal form in this appendix.

The regression !/as 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 equaÈion.

For the purpose of a sensitivity analysis, a line was also estimated

one standard deviation on either side of Ëhe estimated Iine. The re-

sulting l9B1 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"1" The acËua1 as well as Ëhe esËimaÈed lines are

graphed in Figures F.1 and F.2, respectively.
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Table F"l

Rapeseed Metric and Imperial Historical_ prices

========== ========================= ====== === ===== === ========= ========= ==

Prices

Year Per Bushel Per Tonne

19 60
I9 61
1962
1963
1964

1965
1966
1967
19 68
1969

1970
797 r
1972
1973
r97 4

r97 5
r97 6
197 7

197 8
r97 9

$2 "00
I .80
r.75
2.50
2.70

2.45
2 "45
1.80
1.88
2.40

2.35
2 "r5
3.10
5.84
7 .07

5.11
5.82
6 .50
6.25
5.75

$ 88.09
79.36
77.16

110.23
119.05

1 08 .02
r 08 .02
79.48
82.89

I 05 .82

r03.62
94 .80

I 36 .68
257 .50
31 r .70

225.3r
256.5r
286.60
27 5.59
253.53

Source: Manitoba DeparÈment of Agriculture, Manitoba Agriculture Year-
book (I,Iinnipeg , Manitoba , 197 9) .
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APPENDIX G

RESULTS

Contained \.rithin this appendix is a complet.e 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- stratggy and state of nature combinaËions. Each

staLe of naËure has a probability of occurrence, therefore, an expected

value for that coh¡mn may be calculated by summing the products of the

monetary net returns and the probability of the assocÍated state of na-

ture. This expected monetary value (EMV) resulting from each possible

control strategy may be algebraically described in the following manner:

EtlV = X In .p(X)]

where:

ElfV = expected Eonetary va1ue,

lT = profit or return net of chemical and application costs for a
particular control sËraLegy-sËate of nature combinatÍon, and

P(X) = probability thaÈ the state of nature or damage level (X)
will occur.

The profit (n) or reÈurns net of chemical and application costs are

calculated at each staEe of nature or damage 1evel as follows:

î=lYield "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 = Èhe cost of the control strategy utilized"

The following tables are divided into two sections, each of which has

Èwo sub-secÈions. The two sections being the pay-off tabl-es for each of

the two species of rapeseed" The two sub-sections are the yield ranges,

lower and higher, for both species. Wíthin each of these four sub-sec-

tions, nine tables, the sensitiviÈy of the resulÈs, are listed. The

sensitivity anal-ysis is based on varying t.he crop prices and the skew-

ness of the flea beetle damages probability distribution.
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