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ABSTRACT 

A framework for analysing the trade-off between economic yield from a crop and build-up of 

resistance to pesticide caused by repeated applications of pesticides is developed.The goal in 

this paper is to develop a framework in which questions about the trade-off between 

resistance and yield can be posed and then to answer the questions about the agricultural 

decision problem.The modelling approach is based on a sub-model for the pest dynamics and 

the crop dynamics.The age-dependent model clearly explains the use of pesticides to 

eradicate the pests in the crops.Numerical results are presented only for age-dependent 

susceptibility,however ,since crop consumption plays no role in accumulation of resistance 

by the pest component of the model. 
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INTRODUCTION: 

A framework for analyzing the trade-off between economic yield from a crop and 

buildup of resistance to pesticide caused by repeated applications of pesticide is developed. 

The analysis begins with the case of age-independent pest dynamics, by arriving from an 

external pool. Initially, it is assumed that the pest genetics of interest with resistance to 

pesticide dominant and susceptible pests more fit in the absence of spraying. 
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DEFINITIONS: 

Let y be a dependent variable and x an independent variable and y=f(x) is an 

unknown function of x.The notation for differentiation varies depending upon the author and 

upon which notation is most useful for the task at hand.The Leibniz’s notation is more useful 

for differentiation andintegration whereas Lagrange’s notation is more useful for representing 

derivatives of any order compactly and Newton’s notation is often used in physics for 

representing derivatives of low order with respect to time. 

General Definition: 

Given F, a function of x,y and derivatives of y.Then an equation of the form 

{\displaystyle F\left{x,y,y’,\Idots,y^{(n-1)}\right)=y^{(n)}} is called an explicit ordinary 

differential equation of order n. 

An explicit ordinary differential equation of order n takes the form 

{\displaystyle F\left{x,y,y’,y’’,\Idots,y^{(n-1)}\right)=0 } 

THE AGRICULTURAL DECISION PROBLEM: 

It is common in many agricultural enterprises to use pesticides to control pests. It is 

also commonly observed that as pesticides are applied, resistance to the pesticide builds up as 

susceptible pests are removed from the population.Thus, anagricultural manager is faced with 

a decision problem of the following kind: By spraying his field this year, to increase the 

present year's economic yield, he increases resistance to the pesticide, which, in principle, 

reduces future yields. It is this decision problem that is studied here and in an accompanying 

paper by Plant et al.(1983). The goals in these papers are to develop a framework in which 

questions about the trade-off between resistance and yield can be posed and then to answer 

some of the more important questions. The models are formulated in a way that is sufficiently 

realistic to provide useful results, but, at the same time, is sufficiently simple to understand 

the behavior of the model. 
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Pest Control Strategies: 

Previous simulation studies (e.g.Regev et al.,1976), have shown that the age structure 

of the pest population plays an important role in determining pest control strategies. 

Dependence on age structure occurs in two aspects of the model: susceptibility to the 

pesticide, and consumption of the crop. The introduction of age structure greatly complicates 

any model. This complication is minimized by assuming that pests inhabit colonies founded 

by a pregnant female. Spider mites behave this way (Carey and Bradley, 1981). The colonies 

have an age structure that depends on the age of the colony; for example, younger colonies 

have more eggs and larvae, and older colonies have more adults. If the pest population has an 

age-specific susceptibility to the pesticide, then each application of the pesticide will change 

the age structure of the already established pest colonies. This is of no consequence if crop 

consumption is not age specific and if only one application of the pesticide is made. For the 

present, the change in age structure due to pesticide application is neglected. In the study of 

the age structuredmodel, a simplified formulation that adequately represents the age-

dependent effects is presented. This model does not require theassumption of a single 

pesticide application per season. 

 

THE AGE-INDEPENDENT MODEL: 

To start, consider a model for the case in which pesticide susceptibilityand crop 

consumption are independent of age. Let X(t) be the total number of pests in the field at time 

t, and let C( t) be a measure of the value of the crop. The most commonly used such measure 

is the leaf mass (Gutierrez et al., 1975). Assume that the crop is harvested before density 

dependent effects become important. 
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The equation for the crop dynamics is therefore 

dC = rcC– vx ; C(t)>0 (1) 

dt 0 ; C(t)=0 

C(0) = Co, 0<t <T 

where Co is a positive constant. The parameter re is the intrinsic growth rate of the 

crop, v is a measure of the pest's unit rate of consumption of the crop, and T is the length of 

the season. 

 

SOLUTIONS OF THE AGE-INDEPENDENT MODEL 

The economic quantity of interest is the total discounted yield of crop over the 

economic horizon. The effect of changes in assumptions on the genetics of the model. The 

standard case is that in which the parameter a is 1. The size of a reflects the degree of 

outcrossing between colonies and the number of pest generations during the season. When a 

= 0 there is  either random mating or only one generation per season. As shown in Fig. 5, the 

value of a makes virtually no difference in the model. The third curve in Fig.5 corresponds to 

the case in which there are only two classes, resistants and susceptibles. 

 

THE EFFECT OF AGE STRUCTURE ON THE MODEL 

In this section the effect of the age structure of the pest component in the dynamics of 

the model is studied. The formulation of the model incorporated age dependence in both 

susceptibility to the pesticide and consumption of the crop. Numerical results are presented 

only for age dependent susceptibility, however, since crop consumption plays no role in 

accumulation of resistance by the pest component of the model.The reason is that in the latter 

case a portion of the geneticallysusceptible population is effectively resistant, so that the 

selection pressure on the genetically susceptible population is reduced. In the preceding 
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paragraph it was seen that each class may be effectively subdivided into two groups, young 

and old, corresponding to the age of the colony. This motivates a simple approximation for 

the case of age-dependent susceptibility. The total population of each class is divided into 

two categories: young and adult. 

X1(t; n) = no of homozygous resistant (RR) pests in the field at time t in season n 

X2(t; n) = no of heterozygous resistant (RS) pests in the field at time t in season n 
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APPLICATIONS OF PEST MANAGEMENT: 

Monitoring and Managing pest levels instead of eliminating pests can preserve the 

environment , reduce costs , protect the health of humans and animals and maintain beneficial 

organisms such as birds , bees , butterflies and other pollinators.Integrated pest 

management(IPM) an approach that uses knowledge about pests and their life cycles,cultural 

practices, nonchemical methods and pesticides to manage. Early proponents of IPM 

suggested using five basic strategies to improve insect management: 

Step 1 : Monitor and scout insects to determine insect types and population levels. 

Step 2 :Identify pest and host accurately. 

Step 3 : Assess and consider economic or aesthetic injury thresholds. 

Step 4 : Implement a treatment strategy using mechanical , cultural , biological or chemical 

controls. 

Step 5 : Evaluate success of treatments. 

Pesticides may be an attractive option for homeowners because the formulations can be 

inexpensive, easy to use and provide quick results. However they often also impact beneficial 

insects and other non-targeted organisms. An IPM plan may be slower to show results and 

could require more effort than spraying a chemical but the reduced impact on the 

environment can be worth the investment 

 

TOOLS: 

Prevention is the first tool in pest management because it is the most effective, least 

expensive, most environment friendly solution.Choosing a healthy plant that thrives in the 

desired location with the available light, planting it carefully, and ensuring that it has 

adequate water and nutrients prevents stress and minimizes pest problems.Stressed plants can 

attractpests.The second most important tool is early intervention.Being present and observant 
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in the garden ensures early detection.The third most important tool isn record 

keeping.Tracking what happens in the garden enables a gardener to recognize patterns and 

make informed decisions.Record planting dates,varieties,purchaselocation,dates of problem 

onset,weatherconditions,management strategies and their effectiveness and other kinds of 

information that help us to recognize relationships and form gardening strategies. 

 

MANAGEMENT: 

Keeping plants healthy and preventing plant stress helps plants to better withstand and 

repair the damage caused by an insect or mite pest. Some evidence indicates that healthy 

plants resist infestation by pests better than plants with low vigor. The most effective and 

most important of all practices is to observe what is going on in the garden. Many serious 

disease or insect problems can be halted or slowed by regularly visiting the garden, knowing 

what to look for, recognizing potential problems and intervening early. Cultural methods of 

suppressing insect and mite problems in the landscape include preparing the soil, choosing 

plants hat are adapted to the site conditions that are not attractive to pests and that are tolerant 

of insects and diseases, rotating crops, interplanting, timing planting dates to avoid pests, 

managing weeds and planting trap crops. 

 

PLANT SELECTION: 

Conducting a soil test and applying only the recommended amount of fertilizer and 

lime maximizes the benefit to the plant while minimizing problems related to excessive use 

of fertilizer. Covering the soil with several inches of organic mulch protects the plant in 

several ways: reducing soil water loss to evaporation, minimizing weed competition, 

providing nutrients and creating a suitable environment for earthworms and microorganisms 

that keep the soil loose for roots and breakdown organic material to release nutrients. Use 
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disease-free and insect-free certified seeds and plants if available. Select plants that are sturdy 

and have well developed root systems. Diseases and insects in young seedlings can start in 

greenhouses or plant beds and later cause heavy losses in the garden when the pests are 

introduced along with the seedlings. Always buy plants from a reputable grower who can 

assure their plants are healthy. Resistant cultivars are those that repel are unattractive to or 

otherwise are unsuitable as food for certain pests or that withstand feeding by certain pests 

with little reduction in yield or quality.Some cultivars may not taste as good to the pest.. 

 

DELAYING PESTICIDE RESISTANCE: 

To use fewer pesticides it is important that pesticides when used are effective at 

killing pests. Pests can become resistant to pesticides making pesticide ineffective for 

management. Resistance is genetic in nature and an insect or mite cannot become resistant or 

acquire resistance during its life. Resistance is stimulated by widespread application of a 

pesticide but some individual pests survive and pass on genetic factors to the next generation. 

A chemical cannot adjust in response to genetic changes in the pest population that help the 

pest survive the chemical application. Thus the surviving pests can transfer the resistance 

factors into the population allowing the population to become resistant over a period of time. 

Repeat applications with one type of pesticide eventually remove almost all the susceptible 

individuals from a pest population and leave only those with the resistant gene. Pests can 

become resistant to insecticides to which they have been never exposed. This can happen 

only when two insecticides have a similar mode of action. Mode of Action is how a pesticide 

specifically kills a pest. If two or more pesticides attack the pest in the same way a resistance 

mechanism to one insecticide may also provide resistance to the other even though the pest 

may never have been exposed to that second insecticide. 
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CONCLUSIONS: 

The main conclusions of the paper are these. First consider the model itself. There are 

a number of simplifying assumptions, such as spatial independence, linear dynamics, 

simplified temperature effects, genetics, and age structure, that we do not consider crucial for 

our purpose. While such assumptions would be important for a simulation model, the goal 

here is to develop models that will provide qualitative predictions and interpretations.The 

main cause is the explosive growth of the resistant population during the later seasons. This 

growth is so rapid that the other two classes are swamped as the susceptibles decline to a 

level that cannotmaintain a significant heterozygous population. 
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