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MANAGEMENT OF RESISTANCE OF ARTHROPODS TO PESTICIDES:
PRINCIPLES AND PRACTICE
T.J. Dennehy and C. Omoto
Cornell University, Geneva, NY

SCOPE OF PEST RESISTANCE TO PESTICIDES

Though it has been over 80 years since the first discovery of a major agricultural pest becoming
resistant to a pesticide, it was not until the 1850's that producers became familiar with pesticide
resistance as a result of the widespread development of insect resistance to DDT, Since then,
growers of many agricultural commodities have come to expect the eventual loss of pesticide
effectiveness due 1o pest resistance. By the mid-1980s, there were records of 447 resistant
species of insects and mites, 100 resistant species of plant pathogens, 55 resistant species of
weeds, 2 species of nematodes, 5 species of rodents, and greally increasing reports of resistant
human pathogens (Georghiou 1986).

Insects and mite account lor, far and away, the greatest numbers of cases of resistant
organisms, however, other groups of resistant organisms are important and threaten public health
throughout the world, Resistant bacteria in hospitals, resistant malaria organisms and rodents
resistant to rodenticides all pose very serious problems--in the U.S. as well as in Developing and
Third World countries. You may have seen the recent (November, 1892) Public Broadcasting
program detailing the sharp increase in fatalities in the U.S. resulting from antibiotic-resistant
tuberculosis. Though my presentation will deal specitically with resistant arthropods, it is worth
remembering that resistance to chemical controls can and has been expressed in essentially any
group that is combatted with chemicals--whether fish, frogs, plants, or other organism.

I wish to acknowledge that many of the concepts detailed herein are derived from the writings of
two tounders of modern pesticide resistance management--G.P. Georghiou of the University of

California, Riverside, and the late R.M. Sawicki of the Rothamsted Experimental Station in
England.

PRINCIPLES OF RESISTANCE

Defining Reslistance
To fully understand resistance, it is essential to distinguish between two common but very
different contexts in which the word “resistance” is used. Specifically, it is important to understand

how resistance Is delined in the scientitic context versus how it is manifest in the field (Dennehy
1987).

Resistance, frem the scientific perspective. is a heritable, statistically defined decrease in
sensitivity to a chemical of a pest population, relative to the response of susceptible (pristine)
populations. Therefore, the presence of resistance can be demonstrated by comparing, in
laboratory tests, differences in susceplibility between a population, that can withstand to some
degree the effects of a pesticide, and a susceptible population. The existence of resistance does
not necessarily mean that a chemical will fail in the field. Pesticide etfectiveness is influenced by
numerous factors and resistant pests may or may not be adequately controlled by any given set of
treatment conditions (rate, volume, coverage, elc.). Irrespective of the outcome of specific
application circumstances, the fact remains that resistant pests can be demonstrated to thwart the
toxic action of a pesticide to degrees of which susceptible pests are incapable.

istani manifest in the fiel

Resistances that are manitest under field treatment conditions result in measurable reductions
in the “relative efficacy” of a pesticide. Estimating the impact ot this reduction of centrol comprises
an imporiant step in managing resistances (Denholm et al. 1984). To do this, conventional spray
trials are replicated, with the same application equipment and conditions used by growers, at field
locations with ditferent levels of resistance. When resistance reduces the relative efficacy of a
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pesticide, the chemical will be significantly less effective at locations with higher frequencies of
resistance than at locations with lower frequencies, or no resistance

Because field trials usually do not reveal the development of resistance in its early stages, by
the time that field personnel notice that pesticide performance is declining, resistance often has
built up to fairly high frequencies in populations. It is for this reason that information from laboratory
tests, rather than field expenence, must be used for early detection of resistance. Loss of relative
efficacy of a chemical is not necessarily proof of resistance. For example, some instances of poor
pesticide performance initially attributed 1o pest resistance. have proved to be due to breakdown
of pesticide by soil microorganisms or due to high pH of spray water.

Selectlon--the Process Driving Resistance Development

Resistance develops via the process of selection by a chemical en the genetic variation in
susceptibility present within a pest population. How selection happens is easy to understand. At
first, often only a very small proportion of a pest population can survive exposure 1o the pesticide,
but each time the pesticide is applied, a greater propartion of resistant individuals survive than do
susceptible types. In other words, each use of the pesticide increases the proportion of the less-
susceptible individuals in the population.

The degree to which any give resistance reduces the relative efficacy of a pesticide depends on
both the frequency and intensity of the resistance. Frequency refers to the proportion of the pest
population that is resistant; intensity is the 'strength’ of the resistance. Obviously, resistance is
more likely to bacome a problem as the frequency of resistant individuals increases in a
population. But the intensity of a resistance can also affect the pesticide’s efficacy in the field. In
some cases, the susceptibility of resistant pests is reduced very little by resistance. In others, the
pests become virtually immune to the pesticide (Figure 1). Therefore, a population may have a
resistance of low intensity present at a high frequency (proportion of the population) without
significantly affecting tield performance of the pesticide. On the other hand, a very intense
resistance might reduce the efficacy of a chemical, even when present at low frequencies in a
pest population.

Mechanisms of Resistance

There are two common mechanisms by which insects and mites overcome the toxic action of
pesticides, increased metabolic detoxification and decreased target site sensitivity (Scott 1990).
Resistant pests with enhanced metabolic detoxification are able to disarm toxic pesticide
molecules more rapidly than susceptible individuals, The net result is that less of the active
pesticide sprayed on the field reaches the target site in the pest. For example, one mechanism of
resistance o pyrethroid insecticides in houseflies is enhance oxidative metabolism.

With the second common mechanism of resistance, decreased targe! site sensitivity, the
physiological target for the pesticide in the resistant insect is less sensitive to poisoning than in
susceptible individuals. For example, organophosphate insecticides kill pests by inhibiting
acetylcholinesterase, an enzyme that is imporiant in nerve function. Some insects, mites, and

ticks resistant 10 organophosphates have a form of the target enzyme that is less sensitive to
poisoning.

Resistance also can be enhanced by reduced cuticular penetration of the pesticide, though this
appears o be less common than the aforementioned resistance mechanisms. Reduced
penetration, acting alone, generally resulls in only low intensities of resistance, but when
combined with increased metabolic detoxification or decreased target site sensitivity can resull in
very intense resistances. Lastly, a little-studied but potentially important resistance mechanism
invoives changes in pests’ behavior. It is likely that some behaviaral resistances enable pests to
reduce contact with pesticides on treated plants.

Cross-resistance and Multiple Resistance

Nearly half of the recorded cases of resistant insects and mites are ones in which pests are
resistant to between two and five different classes of chemicals. Such pests, resistant to many
pesticides. pose an especially difficult problerm when chemical control is required. Understanding
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the distinction between multiple resistance and cross-resistance is necessary to grasp the
practical ramifications of pests having more than one resistance factor.

[{ resistan

Many resistances are conterred by a single major genetic factor that differs between resisiant
and susceptible pests. When a single factor confers resistance to more than one pesticide, this is
cross-resistance. For example, a mechanism making insects resistant to parathion also dramatically
reduces susceplibility to a number of other organophosphates. Therefore, when parathion
becomes ineflective due to resistance, some other organophosphates also lose efficacy because
of cross-resistance. The key point is that with cross-resistance a single mechanisms is responsible
lor resistance 1o more than one pesticide, and cross-resistance, when it occurs, can cause
rasistance 1o build up to pesticides that you may never have used.

Multiple resistance

With multiple resistances, two resistance mechanisms are acquired independently through
exposure 1o two difterent pesticides. For example, some spider mites possess resistance 1o
cyhexatn and dicofol. However, these resistances are acquired by two separale genetic
modifications, and resistance of the pest to one product does not affect susceptibility 1o the
other. When a pesl s resistant 1o two pesticides the only way to find out if it is due o cross-
resistance or multiple resistance is by conducting genetic studies in the laboratory.

Reslistance Stabllity

Resistances can be either stable or unstable in the field, depending upon many tactors invoiving
the pest, the chemical. and the agncultural system of interest (Dennehy et al. 1990). A stable
resistance increases in frequency when a pesticide is used and does not decline appreciably
thereafter. An unstable resistance also increases in response 1o pesticide treatments but
decreases in frequency during intervals when the pesticide is no longer active. This phenomenon
of instability of resistance. when it occurs. can be exploited 1o manage resistance. Under a given
sel of circumstances, research can be conducted to estimate the length of time needed for the
frequency of resistant pests to be ‘reset’, i.e., to decline to levels existing betore the last
treatment was applied. Then a resistance-management program ¢an be assembled that deploys
pesticide rolations that exploit this resetting of resistance.

The shortest interval in which the same chemical can be used and still allow resistance
frequencies lo reset can be called the minimum reset interval. It treatments are spaced at less than
the reset interval, the resistance increases in a stair-step tashion (Figure 2), but if the interval
between treatments is as long or longer than the reset interval, there will be no net increase in
resistance. Reset intervals will vary between crops and geographic locations. However, once an
appropriate reset intervai has been established for a system, appropriately selected pesticides
can be used in rotation to sustain their efiicacy and monitoring of resistance can be done to
evaluate the success of the program.

Factors Influencing Resistance Development
Researchers have shown thal resistance development in pest populations is influenced by a very
large number of biclogical, ecological, genetic, and operational factors (Georghiou 1983).

« Charactenstics of the pest, such as the rate of reproduction, the number of generations per
year, and mobility of the species.

« Charactenistics of the ecosystem, such as proximity to untreated areas, suitability of alternate

hosts for pest development, immigration of susceplible pests and eftectiveness of biological
control.

Genelc factors include:
= The number of genes conterring resistance.
= The frequency and intensity of resistance genes in the population
« The ability of resistant individuals to grow and reproduce relative to susceptible pests.

Qoerational tactors nclude:
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= Treatment thresholds.

» Application methodology and equipment.

« Characteristics of the chemical, such as selectivity and persistence.

« Chemical-use strategies such as chemical rotations or mixtures, use of reduced rates of
chemicals, and selective timing and placement of applications.

In practice, many of these factors are not readily manipulated by growers. From the practical
standpoint, growers wishing to thwart resistance would do well 1o give attention to the following
factors influencing resistance:

+ How effectively you deploy methods of integrated pest management.
« How often you use pesticides.
* How you select and apply the pesticides you use.

Condensing this even further, growers who use pesticides the most sparingly have the most
effective resistance management programs. Conversely, experience has shown that resistance
cannot be managed in situations where a pesticide is used many times each season.

Chemical Use Strategles for Reslstance Management
Since variables involving selection and use of pesticides are often readily manipulated by
growers, identifying optimal chemical-use recommendations is a critical step in building a
resistance management program. Chemical use recommendations have been conceptualized by
G.P. Georghiou as being based on one of three different strategies:

= Management by moderation,

= Management by multiple attack.

« Management by saturation.

Management by moderation involves reducing overall chemical use or persistence. This, as
already pointed out, is likely the most universal principle for successfully thwarting resistance.
Chemical use or persistence can be reduced by:

= Using lower dosages of pesticides (when appropriate).
= Using higher treatment thresholds.

* Using chemicals with shorter half-lives.

« Treating only limited areas in groves or figlds.

+ Maintaining unsprayed areas as refugia.

= Spraying only specific pest stages.

Many of these approaches are already common components of IPM programs and represent
good pest management. Practices that protect and promote natural enemies contribute to
resistance management since they reduce pesticide use (Hoy 19590).

Management by multiple attack involves using either mixtures or rotations of pesticides to thwart
resistance. Use of mixtures, for example tank mixes of two or more pesticides, is based on the
concept that insects resistant to one peslicides will be killed by the other companent(s) of the
mixiure, and few pests will be resistant to the entire mixture. Though mixtures of fungicides have
been used for years to combat resistance, both field experience and models have shown that
mixtures should be avoided whenever passible with insects and spider mites. Commonly, use of
mixtures of insecticides or acaricides has resulted in pest populations developing high
frequencies of resistance to gll pesticides in the mixture, an outcome resulting in disastrous
conseqguences for IPM programs. By far the safest approach is to rotate insecticides or acaricides
so that each product is used as seldom as possible in any given season.

Management by saturaticn involves methods that overcome resistance mechanisms present in
pests. Most commonly discussed is the approach of combatting resistance by using high rates of
pesticides, ones that kill resistant as well as susceptible pests. Deceptively reasonable on first
inspection, this approach rarely works in practice. The reason is that pesticide residues are usually
deposited very unevenly in most field situations, even when very high rates are used. Uneven
deposition of toxicant allows resistant pests lo survive in greater proportions than susceptible,
thereby increasing resistance. In addition, use of high rates can have many detrimental impacts on
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beneficial organisms and the environment. A completely different application of the management
by saturation is that involving use of chemical synergists, products that enhance the action
chemicals. Some synergists have been used successfully to neutralize metabolic pathways
conferring resistance.

Critlcal Issues Regarding Chemical Use Strategies

It is very clear that many complex factors influence the cutcome of resistance development in any
given agricultural system. Equally clear is the fact that dogma and rhetoric tar outweigh field data in
the area of resistance and resistance management. Therefore, we must be weary of all
generalizations and ultimately, our resistance management recommendations for any given
system should be based, whenever possible, on field trials conducted in that system.
Nonetheless, in the absence ol compelling field data to the contrary, certain generalizations are
compelling regarding chemical selection and use 1o manage resistance to insecticides and
acaricides (Roush 1989, Denholm and Rowland 1992)

To mix or Nt 10 mix:

The answer to this questions turns out to be very ditferent for insecticides and acaricides,
versus for fungicides. Whenever possible, it is advisable to ayoid mixtures of insecticides and
acaricides. There are practical reasons for using mixtures--they are required at times when multiple
pests must be controlled. The point is that, in the absence of compelling field data 1o the contrary,
mixtures should not be promoted for the purpose of resistance management (with insecticides or
acaricides). There are some very limited situations in which mixtures offer an advantage over
alternations of products, but these conditions occur only rarely. Most importantly, when mixtures
are used and these conditions do not occur (which is often) the outcome is more rapid
development ol resistance to gll components of the mixture.

The reason that mixtures have been used widely and successiully with fungicides is that the
older, ‘conventional’ fungicides, like the dithiocarbamates (e.q., maneb) and the phthalimides
(e.q., captan), are multi-site in mode of action. In other words, they inhibit fungal growth by
damaging many different physiological and biochemical processes in the organism.
Recommended mixtures of fungicides have involved combinations of such multi-site compounds
with the more modern, single-site fungicides. Conspicuously, pathologists generally do not
recommend mixtures of single-site compounds for resistance management. By contrast, virtually
all insecticides and acaricides marketed in the past 30 years have one or few major sites of action

in arthropods, making them of the same general high resistance nsk as the modern, single-site
fungicides.

High rate versus low rate;

One unfortunate misunderstanding stemming from the concept of safturation, described above,
is that of the practicality of killing resistant pests, and avoiding resistance, by using high rates of
pesticide. In practice, the conditions that are necessary for a high-rate strategy to work almost
never exist in groves or fields that are sprayed with conventional spray equipment. The reason is
that a uniformly high residue cannot be achieved. Residue discontinuity allows resistant pests 10
survive in greater proportions than susceptible pests and the end result is the worst possible
oulcome--very strong selection for resistance. High rates almost always increase selection for
resistance. Moreover, high rates of mos! pesticides are often much more detrimental to beneficial
organisms than are lower rates, thereby reducing or eliminating the resistance management
benelit of natural enemies. Unless there is data 1o demonstrate otherwise, use as low a rate as
practical to achieve needed results.

The final two prachical rules of thumb for managing resistance to insecticides and acaricides are
o, whenever possible, select pesticides that have shorter residual lives (within practical
limitations) and ones that are least damaging to beneficial organisms.

PUTTING PESTICIDE RESISTANCE MANAGEMENT INTO PRACTICE

Impetus for PRM: Why bother?
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As the rate at which new pesticides are registered dwindles and pesticides continue to be lost to
resistance, growers are linding increasingly that they have key pests that no registered product
controls adequately. Though it is fantasy to believe that we can successfully manage resistances if
pesticides are not used sparingly, evidence from many systems around the worid indicate that,
with good IPM practices and appropnate choice and use of pesticides, the efficacy of many key
pesticides can be prolonged considerably and in specific cases efficacy can be sustained over
long periods of time.

In the past, resistance studies typically have been undertaken or supported by chemical
manufacturers only after a pesticide has been used for many years and failures of the product in
the field have become commonplace. These circumstances describe reactive resistance
management. Resistance is known or strongly suspected (repeated reponts of product failure),
and the initial research objectives are to develop ways to monitor resistance, assess its intensity
and frequency in field populations, and characterize the biochemical mechanism(s) of resistance.
Thereatfter, field studies focus on understanding how quickly resistance builds up tollowing
chemical treatment and how fast, if at all, it declines in the absence of the pesticide.

In recent years, progressive chemical manufacturers have not waited until their products have
failed before initiating resistance management etforts. Some producers are now addressing
management of resistance trom the very early stages of product development. They are collecting
base-line susceptibility information from populations collected from around the world, looking for
potential resistance problems, and proposing provisional anti-resistance use strategies for their
products early in the process of development. These proactive resistance management efforts
reflect an overall increase in the sophistication of the Industry's resistance management efforts
and they are likely 1o prove very beneficial.

PRM Is an Integral Component IPM

Pesticide resistance management will extend the useful life of pesticides used in agricultral

production. Yet, resistance management is likely to be successtul only in cases where pest
managers:

« use reasonable treatment thresholds;
= routinely monitor pests; and

« make full use of non-chemical methods such as biological and cultural controls, sanitation
and plant resistance.

For well developed IPM systems considerable progress is being made toward putting in place the
essential components of resistance management programs. Our presentation will provide
examples of such advancements as they relate 1o management of mite resistance in California
cotton, New York apples, Florida citrus and Brazilian citrus.
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FIGURE 1. The frequency and intensity of resistance both determine the degree
that resistance will reduce the effectiveness of pesticide applications.
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FIGURE 2. Reset intervals of unstable resistances. When spray applications of
a chemical with unstable resistance are made at intervals equal to or greater
than the minimum reset interval, it prevents the stair-step increase in resistance
that occurs when the chemical is used more frequently.
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O FUTURO DOS INSETICIDAS NO BRASIL

CRISTIANO WALTER SIMON
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Ha umn século, exatamente, um produto de protegao de plantas quimicamente sintetizado,
ajudou a controlar patogenos pela primeira vez. De fato, este é um importante aniversirio porque
a sistematica e efetiva protegao de plantas hoje praticada no mundo inteiro, partiu dos proprios
laboratorios de pesquisa da indistria. O produto sob nome comercial de “Antinonnin”, langado
em 1982 para combater um patogeno de floresta, e criagio desta industria, como o sdo muitos
outros marcos na criagao nha historia da protegao quimica de plantas. Ainda que, justificadamente
orgulhosos dos sucessos conseguidos no passado, a industria se direciona agora para os grandes
desafios do futuro.

A populagio mundial crescen de aproximadamente 1,7 bilhao de habitantes quando da
introxlugao do primeiro produto agroquimico, para os muitos mais de 5 bilhées de pessoas na
Terra, hoje. I esse enorme crescimento da populagio continua. Alids, ¢ mais como uwina explosao:
a cada segundo, trés pessoas nascem em nosso planeta. Em outras palavras, uma nova cidade com
uma populagao de 250.000 pessoas ¢ “criada” a cada dia: todo més, o equivalente a uma nova
cidade como a do Rio de Janeiro aparece em nosso planeta. No fim do seculo, a populagao da
Term sera entao de mais ou menos 6,5 bilhoes, cada qual tendo seus ou suas proprias
necessidades, incluindo a exigéncia, de fato um direito, de ter alimento suficiente para si.

Infelizmente, a terra usada para fins agricolas, nao pode ser aumentada indefinidamente.
A destruigao das florestas tropicais ainda existentes no nosso planeta, seria o mesmo que
proclamar a sentenga de morte da nossa atnostera. Cada metro quadrado de floresta ¢ uma parte
do "pulmao verde” da Terra e uma imporante reserva de dgua. Eliminar as florestas por
queimadas, também intensifica o efeito estufa, que poderia acabar sendo um desastre para o
nosso clima. O dioxido de carbono e liberado, quando essas tremendas quantidades de materia
vegetal sao queimadas, e isso aparentemente também contribui para o perigoso aumento de

temperatura da atmosfera da Term.
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Em contraste, areas de terra aproveitaveis estao se tornando escassas. Mais e mais terras
de cultivo degeneraram-se e transformaram-se em estepes pelo manuseio improprio do nosso
precioso solo. De acordo com estimativas publicadas no "Global 2000”, o estudo ambiental
comissionado pelo ex-presidente dos Estados Unidos Jimmy Carter, ao fim da década de 70,
previu que cerca de 2,75 milhdes de hectares - quase 3 milhdes de hectares de terra aravel, por
si 50 serao perdidos como resultado da acumulagao de sais apos irmgagao, por volta do ano 2000.
Esta ¢ a fonte de alimento para aproximadamente 9 milhées de pessoas, e bilhoes de toneladas
de solo fértil sao perdidas por causa da erosao.

O solo disponive] para fins agricolas esti, desta forma, diminuindo. Como conseguéncia,
a necessidade de um manejo adequado ¢ inevitavel; entretanto o plantio intensivo, conseguindo
altas colheitas, deve reduzir, tanto quanto possivel, a excessiva exaustao do solo. Como uma de
muitas tarefas, este esforgo também requer adequado programa de protegao das culturas.

Uma pesquisa realizada pelo Instituto de Economia Agricola do Centro de Tecnologia
Federal da Suiga demonstrou que em uma previsao sobre a pesquisa e desenvolvimento de
produtos quimicos e biologicos, em defesa vegetal, nos proximos 20 anos, os programas serao
direcionados pela forte pressao da:

* Opiniao piblica;

+ Condigoes economicas;

» Influéncias politicas;

* Legislagao e regulamentagao.

Um dos aspectos mais importantes quando se quer prever como sera "O Futuro dos
Inseticidas do Brasil”, ¢ sem divida poder avaliar, como serao as futuras abordagens no
Desenvolvimento de Inseticidas dentro do contexto da Ciéncia e da Regulamentagao
Pertinente.

Para comegar, vamos avaliar onde estamos e como chegamos a este ponto. Temos que
admitir que a evolugdo nos ultimos anos fol espantosa, sobretudo apos a descoberta dos organo-
sintéticos e suas utilizagoes na agricultura nos ltimos 50 anos. Naquela época, a pesquisa na drea
de inseticidas era voltada para produtos persistentes e de amplos espectros de agao. Outrora,
a alta eficiéncia agronomica era fator fundamental no desenvolvimento de inseticidas. Hoje,
estamos lodos cientes que as questoes ambientais estao merecendo o mesmo nivel de
importancia que as questoes telacionadas a saude humana, e devem mesmo faze-lo, uma vez
que sao interdependentes. Ainda que concordando com esta tltima observagao, e indo mais longe,
o Conselho de Assessoria em Ciéncias da Agéncia de Protegao Ambiental dos Estados Unidos
(EPA) recomendou aos seus administradores que "O valor dos ecossistemas naturais nao se

limita a sua utilidade imediata para o homem. Tém um valor intrinseco, moral, que precisa
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ser medido em seus proprios termos e protegido por sua propria causa’. A indistnia que
produz, comercializa e wiliza substancias quimicas nao esta menos interessada ou preocupida
com  questoes ambientais,

Comegamos conduzindo testes prospectivos com inseticidas, para determinar os riscos para
a saude humana e, em menor grau, os riscos ambientais. Admite-se que a énfase era voliada para
a eficacia,

Queremos lembrar, que a descobenta do efeito inseticida do DDT (primeiro inseticida
organico sintético) deu ao seu descobridor, Paul Miller o Prémio Nobel de Medicina, Mais de
2 milhoes de pessoas forun salvas, na ¢poca, gragas as aplicagoes do DDT no “Controle de
epidemias transmitidas por insetos”. Robert Metealf, da Universidade de Hlinois, chamou aquela
decada de época do otimismo, tal era a euforia que reinava pelas aplicagoes do DDT. O Dr.
Marcos Kogan, em Anais do | SIMI, nos relata que, na propria sociedade de entomologistas dos
Estados Unidos, se comentava que o DDT iria resolver todos os problemas ocasionados pelas
pragas. No entanto, o que aconteceu! Aplicagoes erradas, exageradas e irracionais, onde extensas
areas geogruficas foram cobertas por aplicagoes, contribuiram para o desenvolvimento da
resisténcia de insetos a determinados defensivos agricolas, Hoje, de acordo com o proprio Prof.
Kogan, sao conhecidas aproximadamente 500 especies de insetos e dcaros resistentes a
inseticidas.

Ninguem esta negando, que existiram problemas com produtos quimicos nos anos iniciais
de protegao de plamas; problemas que ninguem poxdia nem mesmo suspeitar nagueles dias. Antes
louvados como “miraculosos”, os agroquimicos daqueles dias sem divida tiveram seus lados
negativos, uo lado de indiscutiveis vantagens. Essas desvantagens, de fato, somente se toraram
evidentes com o progresso cientifico. Mas, aprendemos com esses erros, e muitos dos problemas
iniciais fornm resolvidos. Também os agricultores mudaram. Atualmente, estao desejosos de
combinar o valioso conhecimento de seus antepassados sobre natureza e as praticas culturals, com
ateenologia moderna e metodos ecologicos. O resultado ¢ o "Manejo Integrado de Culturas .

A necessidade de um confiavel suprimento de alimento na sociedade atual, somente pode
ser atingida, se as culturas forem protegidas contra insetos, doengas e plantas daninhas. Pesquisas
para as solugoes dos problemas de protegao de plantas ¢ um trabalhoso processo interdisciplinar.
Envolve nma faixa ampla de diferentes clentistas, 1éenicos e economistas, todos contribuimdo e
suas especialidades na procura de solugoes priaticas e economicas.

A experiencia mostron ae homem que nao se deve combater os insetos, ¢ sim manejia-los.
I necessario, mais do que nunea, preservar predadores, pamsitas ¢ polinizadores, permitindo que
os mesmos possam desempenhar seu papel atil na agricultura. Na verdade, o ninguem imreressi

um  excessivo consumo  de  defensivos agricolas, pois tal excesso acaba  provocando o
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aparecimento de pragas resistentes. Nao interessa ao agricultor nem ao comerciante ¢ ao técnico,
que hoje deve prescrever receituario agronémico, a indicagao de um produto resistente; isso pode
levar a perda da credibilidade pelos seus consulentes. Para a indistria de pesticidas que, a duras
penas cria novos produtos, a resisténcia ¢ assustadora, porque impede que o inseticida tenha um
consumo adequado e prolongado, abreviando a vida atil dos produtos.

Hoje a pesquisa na area de desenvolvimento de inseticidas esta gerando produtos mais
especificos, mais seletivos, de baixa toxicidade ao homem e animais de sangue quente, de
rapida degradag@o no meio amiente, além da alta eficiéncia agronémica.

A indistria é a grande propulsora do Manejo Integrado de Pragas (MIP), pois
acreditamos ser ele um caminho seguro, para minimizar o impacto ambiental. No passado, isto
parecia ser muito mais o papel de drgaos de pesquisas e universidades no nosso pais. Hoje,
estamos de maos dadas. O dilema da resisténcia, que tem estado presente ha anos, com relagao
aos inseticidas, também contribuiu para o desenvolvimento de programas de MIP mais uma vez,
a indistria esteve profundamente envolvida neste processo.

Entender como as moléculas se comportam e como interagem com moleculas de
organismos vivos, ajuda-nos a predizer que substancias apresentam possibilidades de interagir em
sistemas vivos. Direcionando nossa sintese, o processo de descoberta se torna mais eficiente.
Mesmo assim, somente uma substancia em 20.000 testadas satisfaz todos os severos requisitos
exigidos e atingem o mercado.

Usar as defesas praprias da natureza é outro meio de encontrar novas moléculas com
atividades biologicas. Para isso, necessitamos de um conhecimento datalhado do ambiente e as
interagoes entre a cultura e suas pragas. Procuramos meios de identificar e entio sintetizar ou
fermentar substincias que protejam sistemas naturais especificos. Esta forma promete um
tratamento novo e especifico para a defesa vegetal.

Outra drea importante de pesquisa e desenvolvimento € o continuo monitoramento e
melhoramento dos produtos. O maior desafio é encontrar formas de controle de pragas, usando
a menor quantidade possivel de ingrediente ativo, utilizado de forma correta, de modo que
salvaguarde o operador, o consumidor e o ambiente. Isso ¢é feito por meio de novas formulagoes,
embalagens e métodos de aplicagao, para assegurar que os produtos estao sendo usados
apropriadamente,

A eficiéncia de um ingrediente ativo pode ser melhorada, considerando-se em que forma
ele atua melhor. Isto é em parte determinado pelas suas propriedades fisico-quimicas e, em parte,
pelo modo como ele age na planta e na praga. Houve um tempo em que a maioria dos agentes
de protecio de plantas eram aplicados como sélidos dissolvidos em agua. No entanto, grandes

avangos foram alcangados nesta area, desenvolvendo novas formulagGes, as quais reduziram
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consideravelmente a quantidade de ingrediente ativo que precisa ser aplicado, melhorando a
seguranga no manuseio do composto. Formulagoes liberando o ingrediente ativo vagarosamente
no ambiente, sao geralmente mais eficazes que os métodos de pulverizagao tradicionais. Granulos,
revestidos por polineros naturais on sinteéticos, podem diminuir a quantidade de ingrediente ativo
que precisa ser usado. Proteger a substancia ativa em capsulas de polimero, ¢ outro modo de ter
a substancia onde ela ¢ mais necessaria ¢ manté-la la. Métodos de compactar pos em granulos
soliveis em dgua, tabletes ¢ pellets, assim como os sacos soluveis em agua, sao todos
desenvolvimentos que diminuem a possibilidade do usuario ter contato acidental com o produto
agroquimico durmante a aplicagao.

O transporte, manuseio e o descarte de agroguimicos sao influenciados pelo modo como
a formulagao e embalada, A seguranga nessas atividades, tem sido um fator importante em
recentes desenvolvimentos, Os principais riscos de seguranga no uso de agentes de protegao de
plantas vem de derramamento acidental, mistura incorreta e descarte sem cuidado. Desenhistas
e projetistas de embalagens estao procurando simplicidade e robustez em procedimentos de
embalagens e aplicagao. Uma dessas inovagoes ¢ o saco solivel em agua. Dissolve-se
rapidamente liberando o conteido dentro do tanque de pulverizagao e nao deixando nenhum
material de acondicionamento para ser jogado fora. Tambem, apresenta como vantagem o fato
do usuario nao entrar em contato com o produto de nenhuma forma. Por causa da dificuldade de
descarte de embalagens vazias de agroquimicos foram concebidos recipientes reutilizaveis.
Tambem vem sendo melhorada a eficiéncia das embalagens convencionais de forma a serem mais
faceis de verter e de screm mais facilmente lavaveis. Estas e muitas outras inovagoes de
acondionamento sao parte das tentativas combinadas para assegurar o uso correto e seguro dos
produtos. Tentamos manter um equilibrio entre simplicidade e alta tecnologia. Em colaboragao
com orgaos oficiais de pesquisa, a indistria estda desenvolvendo uma série de novas técnicas de
pulverizagao para prover as necessidades de ambos, o pequeno agricultor e o empresario agricola.
Estas diferentes tecnologias de aplicagao visam primordialmente proteger o usuario do contato
acidental com o agroquimico e direciona-lo da melhor forma possivel.

Sisternas de enchimento fechados, onde o produto formulado e injetado diretamente no
equipamento de pulverizagao imediatamente antes do uso, evita erros de concentragao e nao deixa
excesso de solugao de pulverizagao para ser jogado fora ao final do tratamento, e, tambeém
eliminam a possibilidade de derrmmamento acidental durante a mistura e preparagao.

Estamos tambem seguros que a educagao e o treinamento devem continuar recebendo
por parte da nossa industria especial consideragao. Temos demonstrado, que estamas preocupados
com o emprego correto e seguro dos produtos fitossanitirios, através de notorios programa de

eventos, que temos desenvolvidos com apoio de orgaos oficiais, entidades de classe e de
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associagoes ligadas ao nosso setor. Atraves da area de educagao e treinamento, temos divulgado
o desenvolvimento de formulagio e embalagens inovadoras produzidas pelas nossas associadus.

Ao que tudo indica, por muitos anos, havera demanda por produtos quimicos na defesa
das lavouras. Isto porque, por mais que se procure tratar os sistemas agricolas como ecolagicos,
eles sao por natureza, altamente instaveis. O agro-ecossistemna ¢ relativamente fragil, constituido
de muitos individuos, porém de poucas espécies. Essa caractenstica o faz muito ténue, suseetivel
ao desequilibrio.

Aqui nos assiste o direito de ressaltar a responsabilidade do engenheiro agronomo, a
responsabilidade do técnico. Enguanto o ecologo procura preservar o ecossistema natural, o dever
do engenheiro agrénomo €, no minime, duplo:

* Madificar o ecossistema para transforind-lo num agro-ecossistema, uma unidade

produtiva,

* Preservi-lo para continuar produzindo, ¢ garantir sua  estabilidade para geragoes

futuras.

De modo crescente, a agricultura intensiva estara voltada para aquelas dreas mais
apropriadas para agricultura sustentavel, liberando dreas marginais para conservagao, recreagio
€ Oulros Usos.

Nas dreas de agricultura intensiva, mais esforgos serao utilizados para otimizar o uso do
agrogquimico, usando a minima dose efetiva atraves da melhoria dos sistemas de monitoramento,
melhorias na época de aplicagao e integragio com outras tecnologias,

No mundo em desenvolvimento, onde a necessidade para a melhoria na protegao de
plantas ¢ maior, mas onde os pesticidas sao usados somente em pequena porcentagem da area
agricola, o principal desenvolvimento sera a transferéncia e adogao de recnologia ja existente no
mundo desenvolvido, com grandes énfases na seguranga do uso e exceléncia no desempenho do
produto.

Ainda hia muitas oportunidades para novos produtos, apesar de existirem poucos
problemas de protegao de plantas para os quais nao existam medidas praticas de controle
baseados na quimica. Estas oportunidades aparecem porque ha uma continua necessidade de
substituigao de ingredientes ativos e formulagio ja existentes, para satisfazer as mudangas
ambientais, os usudrios e as demandas econdmicas.

Os novos produtos serao:

* seguros para o ambiente, para o usuario e para 0 consumidor e culturas tratadas.

* altamente ativos e com custos competitivos.

» flexiveis e convenientes no uso,
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* compativeis com outros produtos e apropriados para uso em programa de Manejo
Integrado de Pragas.

A tendencia da moderna agricultura € a de substituir os defensivos agricolas tradicionais
Por autros mals seletivos e espeeificos. Defensivos agricolas 1ém sido o grupo de substancias
quimiteas mais pesquisado de 1odo o mercado. Isto nao é verdadeiro apenas nos nossos dias: ja
ocorna na decada de 60, embora os dados daquela epoca sejam bastante escassos aos nossos
alhos, quando comparados com os padroes atuais. Hoje, apos a fase de “screening”, muitos
produtos com excelente perfil agronomico, isto ¢, seletivos, especificos, e eficazes, sio
descartados em fungao de sua toxicologia e de sua persiténcia no meio ambiente. Essa tem sido
a4 tonica da indiustria nos seus recentes programas de pesquisa. Hoje, os investimentos em
pesquisa e desenvolvimentoa de um produto agroquimico, sio de tal ordem que o fluxo de caixa
acumulado passa a ser positivo somente vinte anos apos o descobrimento de uma molécula em
laboratorio, ou seja, 6 anos, aproximadamernte, apos o langamento comercial; o custo desse
desenvolvimento gira ao redor de 80 milhaes de dolares, sendo que 50% desses gastos sao
destinados a estudos de toxicologia, metabolismo e meio ambiente. Nao existem produtos
quumicos 1o bem estudados quanto dos seus riscos e efeitos secundarios, como os defensivos
agricolas. O desenvolvimento desses insumos 1ém sido direcionado para que agricultores e
consummidores de alimentos possam dispor de produtos mais seguros ao homem e ao meio
ambiente. Inseticidas biologicos, mseticidas fisilogicos, inibidores de crescimento, feromonios
sinteticos, substineias naturais ¢ o engenharia genetica tém sido o objetivo precipuo das pesquisas
das industrias dedicadas a0 desenvolvimento de produtos fitossanitarios,

A biotecnologia aplicada & defesa vegetal avangara rapidamente e levara a
introdugao de produtos microbiologicos e novas variedades de culturas nos proximos anos.
Algumas destas introdugoes poderao ser importantes regionalmente, mas, no total, ¢ improvavel
que constituam mais de 3% do mereado de produgao de plantas no ano 2000.

De longe, a nmis importante contribuigno da bioteenologia para a agricultura sera a
introdugao de variedades moditicadas de culturas, A resistencia de culturas a insetos e patogenos,
substitmrao alguns usos de pestieidas embora decadas serao necessarias antes que pragas e
doengas complexas sejum exclusivamente controladas pela biotecnologia, sem a suplementagao
do nso de agroqunnicos.

Muitos novos piretroides uoretados estao sendo desenvolvidos. Por exemplo, Naummann
e colabordores da Baver apresemtaran dados sobre Benfluthrin, no qual o isomero [R-rans
mostra bom eteita de choque sobre mosquios ¢ moscas, ao contririo do isomero [R-cis, que
mostra atividade como insencicda de salo,

Novos eteres piretrondes foram apresentados por Krause e colaboradores da Hoechst.
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Ha muitos dados sobre novos acaricidas estimulados pela necessidade de novos produtos
nesta area, como consequéncia da pressao das autoridices regulamentadoras sobre produtos
antigos.

Tem sido observado significativo avange na atividade de reguladores de crescimento de
insetos, particularmente piriproxifen , que esta sendo desenvolvido como um imitador de
horménio juvenil pela Sumitomo.

Um mimero de novos toxofores foram apresentados, particularmente os azois inseticidas
da ICI, que atam através do bloqueio dos canais de potassio dependentes do calcio axonal.

Os produtos naturais evidenciam uma fonte rica de novas estruturas com atividade
biologica interessante. Tem-se verificado que varios compostos, ocorrendo naturalmente e com
tipos estruturais diversos, possuem imponantes propriedades como agentes para defesa vegetal.

Ocorre algumas vezes que o nivel de atividade e propriedade de tais compostos os tornam
apropriados para aplicagao direta como agroquimicos (por exemplo, as milbemicinas e
avermectinas). Usualmente, os produtos que ocorrem naturalmente servem tanto como uma fonte
para sintese quimica, como um instrumento para explorar noves modos de agao, podendo
inclusive servir para redirecionar programas de pesquisa.

Apesar de todo esse indiscutivel progresso, criticas as priticas culturais e protegao quimica
de culturas continuam. Alias, as chamadas ao “retomo a natureza” parecem clamar mais alto que
nunca. De qualquer modo, um completo “retorna a natureza” nao é e nao pode ser possivel. A
linica forma de salvarmos nossa Terra da ameaga iminente da explosao populacional ¢ atraves
de mais progresso cientifico. E, neste ponto, especialistas do mundo inteiro concordam.

No Brasil, a defesa sanitiria vegetal ¢ regida por moderna e rigida legislagao. Com a
promulgagao da Lei 7.802, em 11 de jullio de 1989, regulamentada pelo decreto 98.816, de |1
de janeiro de 1990, podemos dizer que o Brasil deu o passo definitivo no sentido de adequar-se
as exigéncias de qualidade para produtos agricolas reclamadas em ambito domeéstico e
internacional.

Em primeiro lugar, os produtos fitossanitarios e afins passaram a ser comercializados
obrigatoriamente mediante a apresentagao, pelo usuario, de receitudrio agronémico proprio
prescrito por profissional de nivel superior legalmente habilitado.

Amparados na nova legislagao, os Ministérios da Agricultura, da Saide e o IBAMA, em
suas areas de competéncia, baixaram nornas e aperfeigoaram mecanismos especificos destinados
a garantir ao consumidor a qualidade dos produtos, seus componentes a afins, tendo em vista a
identidade, atividade, pureza ¢ eficicia.

O capitulo das infragoes abrigou, em 16 itens, consideragoes referentes a todos os

elementoas envolvidos no amplo processo que configura a atividade de defesa fitossanitaria,
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contemplando no seu capitulo VIIL, praticamente, desde a pesquisa até a aplicagido no campo.

No seu artido 13, a lei fixou: "Quando organizagoes internacionais responsaveis pela
saude, alimentagao ou meio ambiente, das quais o Brasil seja membro integrante ou signatario
de acordos e convénios, alertarem para riscos ou desaconselharem o nso de agrotoxicos, seus
componentes e afins, cabera ao orgao federal registrante avaliar imediatamente os problemas e
infonmagoes apresentados, consultando o orgao oficial de agricultura, saide ou meilo ambiente,
conforme o caso”.

O artigo 14 esclarece que "o registro para novo produto agroloxico, seus componentes ¢
afins sera concedido se a sua agao toxica sobre o ser humano e o meio ambiente for
comprovadamente igual ou menor do que a daqueles ja registrados para a mesma finalidade”.

O rol das proibigoes, cancelamento ou impugnagao contido nas segoes Il e IV, abrange
o que de mais ngido ¢ amplo vem sendo atualmente considerado em todo o mundo em torno dos
produtos fitossanitarios.

Mas o tempo esta realmente correndo e ¢ por isso que nao podemos e nio poderemos
descansar sobre os louros do passado. Continuaremos a trabalhar com grande determinagao, a fim
de minimizar os conhecidos riscos da protegio quimica de culturas e faze-la cada vez mais
segura. Sempre que possivel e promissor tentareimnos novos rumos em nosso esforgo. Mas temos
que reconhecer que a mais avangada protecao biologica de culturas e os métodos altamente
aclamados da engenharia genética estao ainda em seus primardios. Se poderao eles subsiituir o
protegao quimica de plantas e, ao menos baseado no estagio atual de conhecimento, questionavel.
Por este motiveo, os agroquimicos sao e sero indispensaveis no seu segundo século de existéncia
coma parte de "“Manejo Integrado de Culturas”, mas somente quando absolutamente necessarios
¢ somente naquelas quantidades recomendadas para cumprirem os objetivos aos quals se
destinam.
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ABSTRACT

Although the classical approach to biological control has been extremely successful for control
of many insect pest species, management of insec! pests in crop systems may require a
broadening of this approach through development of new methods for evaluating biological
control agents in the context of crop systems. Naturally-occurring and introduced biological
agents should be allowed to function without major interferences from other control tactics and
other crop production practices. Evaluation of biological control strategies may be
accomplished by analysis o! crop management system models which incorporate the effects of
biclogical control agemts in the context of the crop production system. Computer simulation of
alternative crop production strategies offers a means to explore a large number of combinations
of biological control agents and predict how they might perform in the crop system
environmeant. A serious challenge will be 1o acquire the biological and ecological knowledge that
is necessary 1o understand the key biological processes at a level that they can be modelled and

the experimental studies required 1o quantitatively describe crop system effects on biological
control agents.

INTRODUCTION

Biological control of insects in crop systems can be complicated by the fact that many
crop systems are relatively short lived, highly perturbed systems in which many or most of the
insect pest species invade the crop from areas outside the cropping system (Barfield & Stimac,
1979, 1981, Barfield et al 1980; Stinner et al 1983; Stimac 1990). Another complicating
factor is that successful biological control of one pest can be interrupted by control tactics
(chemical pesticides) implemented for the control of other pests not under biological control
(Barfield & Stimac 1980). Also, crop production practices such as cultivation, irrigation and
fertilization can interfere with successful biological control of insect pests by indigenous and
introduced natural epemies (Stimac 1990). The insect pest populations do not exist in
Isolation, they are part of a complex network of interacting components of the crop sysiem
(Stimac & Barfield 1979; Stumac & O'Neill 1983, 1985). Therefore, biclogical control in crop
production systems should be evaluated in the context of crop systems and may differ from the
classical biological contral approach.

| do not wish 1o criticize classical biological control because we all know that the
classical approach to biclogical contro! af insect pests has produced some tremendous successes
and has demonstrated the value of this pest control strategy lor a wide variety of crop and non-
crop systems (Huttaker and Messenger 1976). During fifty years. seven biological control
programs in Califormia produced more than $100 million in benefits (van den Bosch et al
1685). Imagine what the benefits of biocontrol programs have been during the past 100 year
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history on a worldwide basis. Cerainly the economic benefits of classical biological programs
are sufficient for us to believe that this approach to pest control has a place in every country of
the world.

However, the classical approach to biological control is not an appropriate strategy for
all pests in all production systems in all situations. Therefore, my subject, my objective here
today is to stimulate everyone to begin 1o think of what the next generation of biological control
will be. What will be the biological control approach in crop systems 50 years from now?
What methods are we going to use ? We know that the current methods of biological control are
not sufficient to eliminate the dependence on chemical pesticides in crop production systems.
Will this always be the case or will the next generation of biological control at least diminish
use of chemical pesticides? | suggest that if biological control is to play a major role in future
pest management programs for crop systems, we must develop new methods for evaluating
biological control agents in the context of crop systems.

MANAGEMENT DECISIONS

I would like to start by demonstrating how complicated a production system really is and
why it is so complicated to evaluate a tactic or biological control strategy within the context of a
crop production system. Almost everything we do during the production season can have a
potential effect on the biological control agents that we want to introduce, conserve or
manipulate. There are many decisions that we make before planting a crop that may have
profound etfects on the success of biological control agents (Table 1).

Decide which crops to plant

Decide total acreage to plant

Determine field sizes and spatial arrangement

Determine field sizes and planting dates

Determine preparations for each field (cultivation, fertilization and pesticide
applications)

EIELD LEVEL WITHIN-SEASON DECISIONS

Cultivation schedule
Fertilization schedule
Irrigation schedule
Schedule for pest controls
Harvest date

A farmer that must make these decisions every year does not even think much about what the
effects will be but these decisions may have profound effects on the pest problems that the
farmer will encounter. These decisions in part determine the structure of the crop production
system and the capacity of the naturally occurring biocontrol agents. Many times we do not even
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consider that it we change some of these decisions before planting of the crop that we can have
benefits.

All of these decisions. both pre-season and within-season, can have effects on the
performance of biclogical control agents because they are integrated into the crop production
system and with the tactcs that we use for pest control. What | want 1o say with this is that the
production system is very complicated. The philosophy of classical biological control is to
procure a natural enemy and release it into nature and hope it does well. | am proposing that we
need to discover methods to analyze biological control agents at the level of complexity of the
crop production system as | have shown here. How can we do this ?

COMPLEXITY OF CROP SYSTEMS

When we think about a pest and a control method for the pest in the crop, we usually do
not think about how the pest arrived in the field where we want to control it. Figure 1 is a
spatial hierarchy of processes that can occur before a pest species is observed in a particular
field of a crop. | present this figure so that we can remember how a pest arrives in the crop of
interest. This example is from south Florida but | think that Brazil has very similar systems
in the state ol Parana for example. The upper part of the figure represents what happens before
a pest arrives in a field. Pests can onginate from areas very far away and through active or
passive migration enter into a large region hundreds or thousands of kilometers away from the
source, Passive migration can be movement on weather fronts or by wind. For example, the
velvetbean caterpillar. Anticarsia gemmatalis, which is a pest in soybean in north Florida may
come yearly from Central or South America. The pest inoculum from the regional inoculum
moves through migration or dispersion into smaller areas. Each of these smaller areas have
crop and non-crop host plants for the pest to survive and reproduce. This is what determines
the potential of a pest species to become a pest in whichever crop in the area. In the area there
are multiple fields of each crop and it is at this field level that we define our pest contral
objectives, ignoring the influences from other fields and non-crop host plant communities.

Within each field there is a species hierarchy (Figure 2) that can be attached 1o the
bottom of the spatial hierarchy of Figure 1. The species hierarchy figure shows what happens
within the crop at the field level. The crop can be divided into functional plant parts such as
leaves, roots stems and pods. These plant parts have potential to serve as a resource base for
different types of pests. The next level in the hierarchy is categories of pests such as nematodes,
plant pathogens, weeds and insects. Each category can have mulliple species populations. Below
this pest species level is the level for natural enemies of the pests populations. This is the level
appropriate for evaluating introduced biological control agents in the context of the whole crop
system. Just add another circle 1o the figure for each biological control species and connect it 1o
the pest population that it effects directly. However, the biological control agents can have
indirect effects also but these are evaluated by how the activities of the biological agents filter
through the web of the crop system. This is why biological control agents should be evaluated
within the context of the cropping system.

The indirect etfects are the ones that are difficult 1o evaluate. Consider the example of a
soybean defoliator species such as the velvetbean caterpillar that has parasiles, predators and
diseases (Figure 2). Suppose that in a given field. there 1s a fungal disease that kills velvetbean
caterpillar larvae but there is another foliar tungal pathogen damaging soybean leaves, |f
during the season a fungicide is applied to control the plant disease, it may also kil the
beneficial entomophagous fungus, thereby destroying the natural biological control of the
velvetbean caterpillar larvae. This demonstrates the need to evaluate any tactic you wish 1o use
in terms of how the effects of the tactic will filter throuah the crop system

113



RIS o) pappoW) May £ op somads 1sad o anin st Suliasiap eyl sassasosd jo Aydiesany pitedg

SIt]d 1SoH
dous oy

dna \

S1UB{] 1SOH
meg x

doidr oy

s

msiadsi)
wnoaouj QosSeas 21w
1594 Lot
TH BIATY 2
fes1adsiq e
ad o [essadsiq

.. .. oy

10
woresify

satoadg
153 JO 1004
ruotiay

saadg
1894 JO
BRI

_— 3

HORIFY
aatssig

T on

uonRIAgy
ALY

BL6 L
| unbiy

risot

1594

& Many

dog )y
unajios

114



‘(zg61 sewng woy payipoyy) doio piay B w Salwsua |eimeu pue sisad jo Ayoiesaiy saimadg 7 ainbiyg

wiomIey
aroy)

JporRmay
10Uy 100y

.-_H%:m R amsmen %
pPod WmusEsn 4
To!
B EED s13I10
suagoyied el s 5 suafoyieg e suafoyied s101RBT[0J3( suafoyied sapojewan
a5 Furpaag-pod q
pa 1 Iefog 10asu]




The next level in the crop system is the one representing processes that determine pest
population levels. Cansider a conceptual model of an insect pest population represented as a flow
diagram (Figure 3). Boxes represent the number of individuals in each of the stages and arrows
between boxes represent the processes involved in transition from one stage to another,
Mathematical models of the processes (emergence, mating, oviposition, development and
mortality) can be constructed 1o describe the rates of change in numbers of individuals in each
stage. Therefore, one can estimate or predict the status of the insect population on any given day
and simulate with a computer program the changes in the pest population.

Mated Oviposition Eclosion
M Q [Ty g sma
Moths Mortality
Moruu‘Img Mo;anty Mortality Molting
Adult Adult
Moths Moths MEd.iI;:n
Emergence / Mortality Molting
I / b, 4
Mortality
Pupaec | . La.rgaee
Pupation Ls

Figure 3. Conceptual model of an insect population with key biological processes determining
rates of transitions between classes (Modified from Stimac 1982).
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MATHEMATICAL MODELS OF CROP SYSTEM COMPONENTS

The mathematical moedels can be very complex with many equations to represent the
bioloaical processes but the general form of the insect population madel is simple (Stimac &
O'Neil 1985, Sumac 1990).

General Insect Pest Model
Nigor = Nig Dy (1 - M)+ [equation 1]
where, N1 = number of individual in stage | at time t
D; = development rate for stage i
M, = mortality rate of stage i

i = net immigration rate of stage i.

Generic Mortality Model
The mortality can be represented by a more detailed submodel, including the various
types of mortality factors. For M, in equation 1, we can substitute equation 2., the generic
mortality model (Stimac & O'Neil 1985).
Mi = (Mgreg + Mpar + Mgahy + Mp) [equation 2]
where. M; = stage specific mortality rate
Mpreg = Mortality imposed by predators
Mpar = Monality imposed by parasites
Mpamn = Mortality imposed by pathogens
my = background mortality.
This equation integrates the different sources of mortality that effect each stage of the pest
population.
Each of the types of monality can be represented by parameters (Elvin et al 1983,
O'Neil 1984; Godlrey et al 1989) or models (Frazier & Gilbert 1976; O'Neil & Stimac 1388a,

1488b). Consider some models for the predation process. Frazier & Gilbert (1878) describe
the number of prey attacked, N, , as

Ng=Ng [ (1 - & BTP®Noy (3 _ gaNery |

117



where, Ng = number of prey

b = predator demand rate

T = time

P = number of predators

a = predator discovery rate.
In this predation model, predators search more as predator demand increases. O'Neil (1984)
modeled predation rate as a function of leaf area of the plant that predators must search to locate
prey.

Na=PV( (c,e %Y 4+ c,)

where, P = number of predators

V, = number of prey per unit leai area

¢, = maximum leal area searched

¢, = rate of change in area searched

¢, = minimum leat area searched.

In this model the predator-induced mortality is strongly influenced by changes in the crop leaf
area, which is a function of many components in the crop production system. This is another
example of why biclogical control agents should be evaluated in the context of the crop system.

Models of this type can be constructed for each pest population and then integrated into a
model of the crop so that the combined effect of multiple pest species can be evaluated in terms
of effects on the crop.

General Crop Growth Model

A good example of a general crop growth model is the physiological process model of
Gutierrez (Gutierrez et al. 1976).

dw/dt = dp/dt - G.dQ/dt - R,W - R.dc/dt
where, dp/dt = photosynthetic production rate

G, = growth respiration

dQ/dt = plant tissue growth rate

R, = maintenance respiration rate
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W = standing crop

R, = stored starch respiration rate

dac/dt = rate of change in carbohydrate reserves.

The physiclogical process model is necessary 1o be able to integrate the effects of all types of
stress factors, biotic and abiotic (Jones et al 1980, 1985). | am not going to discuss the
complicated details of the crop model because this is not the intent of my presentation but | will
refer you to several papers where such detalls are discussed (Gutierrez et al 1976,1977;
Jones et al 1980, 1982, 1985: Penming et al 1982, Wilkerson et al 1983a, 1983b: Zur et al
1983).

A crop growth model and pest population models are important components of a crop
system model that can be uséd 10 evaluate biological control agents in the context of the crop
system but there are other essential components

Key Components of Crop Management System Model
Physiological process Mode! of Crop Growth
Pest Population Models
Pest Damage Models
Maodels of Control Tactics
Economic Model
Weather Inputs.

The crop system model can be used to evaluate biological control tactics or pest
managemen! sirategies using biological and chemical pest control tactics (Stimac 1985, 18801
A computer program incorporating the mathematical equations of the component models and
weather npults is used 1o simuldte alternative crop production scenarios. The model serves as a
tool with which many different crop production and pest management sirategies can be analyzed
through computer simulation. The types of information needed for running a computer
simulation are crop variety, planting date. row spacing, soil type, daily weather (solar
radiation, temperature, humidity. rainfall, pan evaporation, and wind speed). influxes of pest
and beneficial organisms, irngation schedules or cnteria, and crop and pest management
techniques.

EVALUATION OF PEST MANAGEMENT STRATEGIES WITH COMPUTER SIMULATION

In order 1o illustrate how computer simulation can be used 1o evaluale allernatve pest
management tactics in the context of the crop system, | will present some example simulations
from the Soybean Integrated Crop Management Model (SICM), developed at thg University of
Flonda (Wilkerson et al 1983, Jones et al. 1985). The pnmary insect pest species is the
lepidopterous defoliator, Anficarsia gemmatalis Hubner. the velvetbean caterpillar.  This
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species is also an important pest of soybean in Brazil and is commonly known as "lagarta da
soja". The pest control tactics to be evaluated in the simulations are chemical insecticides and
biological control for management of velvetbean caterpillar (VBC), This pest species invades
soybean fields in north Florida from warmer southern areas. Prior to the arrival of the VBC in
the spring or summer, a complex of indigenous arthropod predators establishes in the soybean
crop (Elvin et al 1983, Godfrey et al 1989). For the first 4 simulations, assume that the
influx of VBC is of normal magnitude and average timing, abundance of arthropod predators
(when present) is average and daily temperatures are average for a 20-year period for the
north Florida soybean growing region. The control tactics are no insecticide applied or methyl
parathion (184 g/ha) or carbaryl (92 g/ha) applied when the density of medium and large VBC
larvae exceeds 20 per 0.92 meters of row of soybean plants. Table 2 summarizes the results of
the simulations in terms of soybean crop defoliation, VBC larval density. soybean yield and net
profit.

Sim. Control Preds. Max. Defol. Max,. No. Max. Yield Net

No. Tactic (day) Larvae kg/ha Profit/ha
1 noinsecticde present 100 (120) 26 289 5 1050
2 no insecticide absent 100 (100) 38 243 $ 1.09
3 methyl parathion present B85 (120) 185 347 $ 12.09
4 carbaryl present 34 (112) 2B 397 $ 27.92

In simulations 1 and 2, no insecticide was applied for VBC control. In simulation 1, predators
of VBC were present but predators were absent in simulation 2. Comparing the results of these
two simulations allows an assessment of the value of the naturally occurring biological control
from predators. In both simulations 100% defoliation occurred but without predators VBC
larval densities rose 1o higher levels and maximum defoliation occurred 20 days earlier than
when predators were present. Note that soybean yield was lower when predators were absent.
The value of the predators is demonstrated best in economic terms. With predators present the
net profit per hectare was $ 9.41 higher than when predators were absent. This suggests that
control tactics that damage predator populations may intertere with natural biological control
from indigenous arthropod predatars.

In simulations 3 and 4 chemical insecticides were applied when VBC larval densities
exceeded an action threshold of 20. In simulation 3, three applications of methyl parathion
werg made as compared with two applications of carbaryl in simulation 4. Note that the
difference in the choice of the chemical control tactic resulted in a difference of 2.3 times more
net profit when carbaryl was used. This dramalic difference was due to the eflect of the
chemical control tactics on the predator population (Stimac & O'Neil 1885). Methyl parathion
applications nearly completely destroys indigenous predators whereas carbaryl is much less
damaging to predators and better conserves the natural biological control of VBC in soybean
fields. It is clear from these simulations that predators are valuable and warth conserving but
this conclusion would have been difficult 1o make without evaluating the biclogical control in the
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context of the crop system.

A second sel of computer simulations was run 10 evaluate a chemical and a biologica
control tactic for VBC when the influx of moths into soybean is abnormally heavy. Foi
simulations 5, 6 and 7 it is assumed that the influx of VBC is so heavy that if no control for VBC
Is used the crop would be completely defoliated early during formation and filling of pods anc
seeds. For these simulations the weather and predator abundance is the same as for simulations
2-4. Results of the simulations is summarized in Table 3.

Table 3. Simulations with heavy influx of velvetbean caterpillar (VBC) and arthropoc
predatars present.

Sim  Control Max. Defol. Max. No. Max. Yield Net

No. Tactic (day) Larvae bu/acre Profit/acre
5 noinsectide 100 (110) 32 89 s-sass
6 orthene 100 (140) 26 26.5 $ 1221

7 Bacillus 60 (110) 20 33.8 $ 60.05

thuringiensis

From the results of simulation 5 it is obvious that when VBC influx is heavy. some insect pest
control tactic is necessary to avoid unacceptable economic losses of nearly $ 84 per acre
($ 207.56 per hectare).

The VBC control strategy in simulation 6 was application of 1.3 Ibs./acre of orthene
when density of madium and large VBC larvae exceeded 20 per 3 row feet of soybean plants. The
strategy for simulation 7 was the same except a microbial insecticide, Bacillus _thuringiensis
(BT), was applied at a rate of 0.25 Ibs./acre instead of orthene. Simply changing from
application of the chemical orthene for the biological pesticide BT may seem like a subtle change
but 1t had profound effect when evaluated in the context of the crop system which includes
naturally occurring biological control agents, in this case predators. The microbial pesticide
did not effect predators of VBC but orthene did, resulting in a difference in net profit of § 47.84
per acre ($ 118.21/ha). By using the microbial pesticide and conserving all natural biological
control from predators, net profit increased nearly 4-fold.

The example | have given with evaluating a bacterium as a biological pesticide in order to
preserve indigenous natural enemies is only one example of how simulation models can be used
1o evaluale biological control agents. These evaluation methods are also applicable to evaluation
of genetically engineered orgamisms or for determining the types of characteristics that
genetically engineered biocontrol agents should have (Stimac 1990).

As you will see in the presentation of Dr. Marjorie Hoy in this Congress. she and her
colleagues are researching genetic techniques to change charactenstics such as pesticide
resistance and development and fertility rates. The simulation techmques | have presented here
today could be used to evaluate how these changed charactenstics of biclogical control agents
would work in the context of crop systems

| am not suggesting that the methods that | have described here today are applicable or
necessary for all situations because there are some situations where it will never be praclical
1o get all information needed 1o build complex models. But use of these techniques where
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applicable and feasible will allow us to enter into the next generation of biological control,
where computer technology and genetic engineering are combined to discover pest management

strategies with a strong biclogical control basis and far less dependence on chemical pesticides
{Stimac 1990).

CONCLUSIONS

| hope that | have convinced you of the need and value of evaluating biological control
agents for insect pests in crop systems in the context of the crop production strategy. Although
new methods for analysis of biological control agents will have to be developed and the classical
approach to biological control expanded. this growth in methodology will allow more
comprehensive strategies of insect pest control to be explored. A greater emphasis on crop
production system management will be realized.

Computer simulation of alternative pest management systems can be used to explore the
desirability of various combinations of attributes of biclogical control agents to determine how
they might function in the environments in which we want to use them, the crop production
system. Desired attributes may be considered in defining goals for uses of biotechnology for
engineering biological control agents.

If the use of biological control in crop systems Is going to reduce heavy reliance on
chemical pesticides. the predictability of performance of biological control must be close to the
risks associated with use of chemical pesticides. This is a big failure with present biclogical
control programs for crop systems because there is little predictability or ability to evaluate
risks. If we can't predict the effects of implementing biological control tactics at the same level
that is currently possible for chemical pesticides, chemical control will always be an appealing
alternative for farmers. We have arrived at a point that we need to admit this and begin to
discover better evaluation and predictive methods.

A serious challenge to the development of biological control agents for the next
generation with methods like those | have presented here today will be the experimental studies
required to quantitatively describe crop system effects on exotic natural enemies and engineered
biological agents. What will be the most difficult challenges for using the methods of evaluation
that | have proposed today will not be writing the mathematical equations or computer
programs. It will be 1o acquire the biological and ecological knowledge that is necessary 10
understand the processes at a level that they can be modelled. This is an experimental challenge.
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