Chapter 23: Pest Management


Case Study


Along Came a Spider— Biological Pest Control


Since agriculture began about 10,000 years ago, we have been competing with insect pests for the food we grow. Today we are not much closer to winning this competition than we were then, mostly because of the astounding abilities of insect pests to multiply and, through natural selection, rapidly develop genetic resistance to poisons we throw at them.


Some Chinese farmers use a biological strategy to help control insect pests. Instead of spraying their rice and cotton fields with poisons, they build little straw huts around the fields in the fall.


These farmers are encouraging insects’ worst enemy, one that has hunted them for millions of years: spiders (Figure 23-1). The little huts are for hibernating spiders. Protected from the winter cold by the huts, far more of the hibernating spiders become active in the spring. Ravenous after their winter fast, they scuttle off into the fields to stalk their insect prey.


Even without human help, the world’s 30,000 known species of spiders kill far more insects every year than insecticides do. A typical acre of meadow or woods contains an estimated 50,000–2 million spiders, each devouring hundreds of insects per year.


Entomologist Willard H. Whitcomb found that leaving strips of weeds around cotton and soybean fields provides the kind of undergrowth favored by insect-eating wolf spiders (Figure 23-1, left). He also sings the praises of a type of banana spider, which lives in warm climates and can keep a house clear of cockroaches.


In Maine, Daniel Jennings of the U.S. Forest Service uses spiders to help control the spruce budworm, which devastates spruce and fir forests in the Northeast. Spiders also attack the much-feared gypsy moth, which destroys tree foliage.


The idea of encouraging populations of spiders in fields, forests, and even houses scares some people because spiders have bad reputations. A few spider species, such as the black widow, the brown recluse, and eastern Australia’s Sydney funnel web, are dangerous to people. But most spider species, including the ferocious-looking wolf spider, do not harm humans.


Even the giant tarantula rarely bites people, and its venom is too weak to harm us or other large mammals unless we are allergic to it. As we seek new ways to coexist with the insect rulers of the planet, we would do well to be sure that spiders are on our side.


This chapter looks first at the advantages and disadvantages of the conventional chemical approach to pest control based on using synthetic chemical pesticides.


Then it discusses the advantages and disadvantages of a variety of biological and ecological alternatives for controlling pest populations.


Figure 23-1 Natural capital: working with nature. Spiders are insects’ worst enemies. Most spiders, such as the wolf spider (left) and the crab spider (right), found in many parts of the world, are harmless to humans.


Pest & Disease Control


A weed is a plant whose virtues have not yet been discovered.


RALPH WALDO EMERSON


This chapter addresses the following questions:


What are pesticides, and what types are used?


What are the advantages and disadvantages of using chemicals to kill insects and weeds?


How well is pesticide use regulated in the United States?


What are the alternatives to using conventional pesticides, and what are the advantages and disadvantages of each alternative?


23-1 PESTICIDES: TYPES AND USES


How Does Nature Keep Pest Populations under Control? Natural Enemies


Predators, parasites, and disease organisms found in nature control populations of most pest species as part of the earth’s free ecological services.


A pest is any species that competes with us for food, invades lawns and gardens, destroys wood in houses, spreads disease, invades ecosystems, or is simply a nuisance. Worldwide, only about 100 species of plants (which we call weeds), animals (mostly insects), fungi, and microbes (which can infect crop plants and livestock animals) cause about 90% of the damage to the crops we grow.


In natural ecosystems and polyculture agroecosystems, natural enemies (predators, parasites, and disease organisms) control the populations of about 98% of the potential pest species as part of the earth’s free ecological services and thus help keep any one species from taking over for very long.


When we clear forests and grasslands, plant monoculture crops (Figure 6-25, p. 118) and douse fields with pesticides, we upset many of these natural population checks and balances. Then we must devise ways to protect our monoculture crops, tree plantations, and lawns from insects and other pests that nature once controlled at no charge.


What Are Pesticides? Ways to Repel or Kill Pests


We use chemicals to repel or kill pest organisms as plants have done for millions of years to defend themselves against hungry herbivores.


To help control pest organisms, we have developed a variety of pesticides or biocides—chemicals to kill or control populations of organisms we consider undesirable.


Common types of pesticides include insecticides (chemicals that kill insects by blocking reproduction, clogging their airways, or disrupting their nervous system), herbicides (chemicals that kill weeds by disrupting their metabolism and growth), fungicides (fungus killers), and rodenticides (rat and mouse killers).


Biocide is a more accurate name for these chemicals because most pesticides kill other organisms as well as their pest targets.


We did not invent the use of chemicals to repel or kill other species; plants have been producing chemicals to ward off, deceive, or poison herbivores that feed on them for about 225 million years. This is a never-ending, ever-changing coevolutionary process: Herbivores overcome various plant defenses through natural selection; then new plant defenses are favored by natural selection in this ongoing cycle of evolutionary punch and counterpunch.


As the human population grew and agriculture spread, people began looking for ways to protect their crops, mostly by using chemicals to kill or repel insect pests. Sulfur was used as an insecticide well before 500 B.C.; by the 1400s, people were applying toxic compounds of arsenic, lead, and mercury to crops as insecticides.


Farmers abandoned this approach in the late 1920s when the increasing number of human poisonings and fatalities prompted a search for less toxic substitutes.


Bad news. Traces of these nondegradable toxic metal compounds are still found in soils dosed with them long ago.


In the 1600s, farmers used nicotine sulfate, extracted from tobacco leaves, as an insecticide. In the mid-1800s, two more natural pesticides were introduced: pyrethrum (obtained from the heads of chrysanthemum flowers) and rotenone (extracted from the roots of various tropical forest legumes). These firstgeneration pesticides were mainly natural chemicals or botanicals borrowed from plants that had been defending themselves against insects eating them and herbivores grazing on them. In other words, we learned to copy nature.


In addition to protecting crops, people have used chemicals produced by plants to repel or kill insects in their households, yards, and gardens. Compared with some commercial insecticides, these chemicals can be less expensive and less of a potential health hazard.


See the website for this chapter to find out about natural chemicals and methods that can be used to control weeds and to repel or kill common pests such as ants, mosquitoes, cockroaches, flies, and fleas.


What Is the Second Generation of Pesticides?


Chemistry and Natural Plants to the Rescue


Chemists have developed hundreds of chemicals that can kill or repel pests, and they have improved natural pesticides produced by plants.


A major pest control revolution began in 1939, when entomologist Paul Müller discovered that DDT
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(dichlorodiphenyltrichloroethane), a chemical known since 1874, was a potent insecticide. DDT was the first of the so-called second-generation pesticides. It soon became the world’s most used pesticide, and Müller received the Nobel Prize in 1948 for his discovery. Since then, chemists have made hundreds of other pesticides by making slight modifications in the molecules in various classes of chemicals (Table 23-1).


Since 1970 chemists have returned to natural repellents and poisons produced by plants. They have copied nature by improving first-generation botanical pesticides and adding microbotanicals (Table 23-1).


They also developed pesticides based on a variety of natural chemicals found in the leaves and seeds of the remarkably versatile neem tree (Figure 11-17, p. 211, and Solutions, p. 213).


In 2003, Colorado State University biologist Jorge Vivanco discovered that knapweed, an invasive weed that has taken over large areas of grazing land in the West, may hold the key to developing effective natural herbicides. He and his colleagues found that the roots of this plant secrete a toxic chemical compound (catechin) into the soil that can wipe out all other surrounding plants. They found that adding toxic catechin to the soil or spraying it on weeds killed undesirable plants within a week. This new natural herbicide, discovered by learning from nature, should soon be on the market. Scientific curiosity and observing nature pay off.


How Are Pesticides Used Today? Almost Everywhere


Since 1950 we have greatly increased our use of a variety of increasingly toxic synthetic pesticides on crops, lawns, golf courses, and in households.


Since 1950, pesticide use has risen more than 50-fold, and most of today’s pesticides are more than 10 times as toxic as those used in the 1950s. About three-fourths of these second-generation pesticides are used in de-
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Table 23-1 Major Types of Pesticides


Type Examples Persistence Biologically Magnified?


Insecticides


Chlorinated DDT, aldrin, dieldrin, toxaphene, lindane, High (2–15 years) Yes hydrocarbons chlordane, methoxychlor, mirex Organophosphates Malathion, parathion, diazinon, TEPP, DDVP, Low to moderate (1–2 weeks), No mevinphos but some can last several years Carbamates Aldicarb, carbaryl (Sevin), propoxur, Low (days to weeks) No maneb, zineb Botanicals Rotenone, pyrethrum, and camphor Low (days to weeks) No extracted from plants, synthetic pyrethroids (variations of pyrethrum), rotenoids (variations of rotenone), and neonicotinoids (variations of nicotine) Microbotanicals Various bacteria, fungi, protozoa Low (days to weeks) No


Herbicides


Contact chemicals Atrazine, simazine, paraquat Low (days to weeks) No Systemic chemicals 2,4-D, 2,4,5-T, Silvex, diuron, Mostly low (days to weeks) No daminozide (Alar), alachlor (Lasso), glyphosate (Roundup) Soil sterilants Tribulan, diphenamid, dalapon, butylate Low (days) No


Fungicides


Various chemicals Captan, pentachlorophenol, zeneb, methyl Most low (days) No bromide, carbon bisulfide


Fumigants


Various chemicals Carbon tetrachloride, ethylene dibromide, Mostly high Yes (for most) methyl bromide


veloped countries, but use in developing countries is soaring.


After growing rapidly, pesticide use on crops in the United States has leveled off since 1980, but nonagricultural uses have increased. About one-fourth of pesticide use in the United States is for ridding houses, gardens, lawns, parks, playing fields, swimming pools, and golf courses of pests.


According to the U.S. Environmental Protection Agency (EPA), the average lawn in the United States is doused with 10 times more synthetic pesticides per hectare than U.S. cropland. Golf courses get almost as much pesticide per hectare as lawns get. Children rolling around in the grass on treated lawns and in city parks can pick up dangerous levels of some of these chemicals. They are especially vulnerable because they are still developing and can absorb more of these chemicals in proportion to their body weight than adults do. Health scientists warn that exposures to these and other toxic chemicals early in life can increase the risk of developing learning disabilities, behavioral problems, some forms of cancer, and other chronic diseases in childhood and in adulthood. Pesticide company officials dispute such claims.


The EPA also estimates that 84% of U.S. homes use pesticide products such as bait boxes, pest strips, bug bombs, flea collars, pesticide pet shampoos, and weed killers. What pesticide products are used where you live?


Sending someone roses, carnations, or other cut flowers is a nice gesture. Most of the cut flowers sold in the United States are imported from countries such as Colombia and Ecuador. Bad news for romance. According to a 1995 report by the World Resources Institute, flowers from these countries are heavily dosed with fungicides, insecticides, and herbicides. This poses health threats to the tens of thousands of workers, most of them women, who work in flower farms and greenhouses for about $5 a day. Environmentalists urge us to buy organic flowers.*


Some pesticides, called broad-spectrum agents, are toxic to many species; others, called selective or narrow spectrum agents, are effective against a narrowly defined group of organisms. Pesticides vary in their persistence, the length of time they remain deadly in the environment (Table 23-1). In 1962, biologist Rachel Carson warned against relying on synthetic organic chemicals to kill insects and other species we deem pests (Individuals Matter, p. 27).


23-2 THE CASE FOR PESTICIDES


What Are the Advantages of Modern Synthetic Pesticides? Many Benefits


Modern pesticides save lives, increase food supplies, increase profits for farmers, work fast, and are safe if used properly.


Proponents of conventional chemical pesticides contend that their benefits outweigh their harmful effects.


Conventional pesticides have a number of important benefits.


They save human lives. Since 1945, DDT and other chlorinated hydrocarbon and organophosphate insecticides probably have prevented the premature deaths of at least 7 million people (some say as many as 500 million) from insect-transmitted diseases such as malaria (carried by the Anopheles mosquito), bubonic plague (carried by rat fleas), and typhus (carried by body lice and fleas).


They increase food supplies. According to the UN Food and Agriculture Organization, about 55% of the world’s potential human food supply is lost to pests— about two-thirds of that before harvest and the rest after.


Pests before and after harvest destroy an estimated 37% of the potential U.S. food supply; insects cause 13% of these losses, plant pathogens 12%, and weeds 12%.


Without pesticides, these losses would be worse, and food prices would rise. Figure 23-2 (p. 522) shows five of the most common insect pests in the United States and their ranges.


They increase profits for farmers. Pesticide companies estimate that every $1 spent on pesticides leads to an increase in U.S. crop yields worth approximately $4 (but studies have shown this benefit drops to about $2 if the harmful effects of pesticides are included).


They work faster and better than alternatives. Pesticides control most pests quickly at a reasonable cost, have a long shelf life, are easily shipped and applied, and are safe when handled properly by farm workers.


When genetic resistance occurs, farmers can use stronger doses or switch to other pesticides.


When used properly, their health risks are very low compared with their benefits. According to Elizabeth Whelan, director of the American Council on Science and Health (ACSH), which presents the position of the pesticide industry, “The reality is that pesticides, when used in the approved regulatory manner, pose no risk to either farm workers or consumers.” According to the EPA, the worst-case scenario is that synthetic pesticides in food cause 0.5–1% of all cancer-related deaths in the United States, or 3,000–6,000 premature deaths per year, far less than the estimated number of lives saved each year by pesticides.
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*You can search for local farms, farmers’ markets, and community groups that supply fresh and dried organic flowers at www.localharvest.org. There are not many organic flower growers in the United States, but this could change if the demand increased.


Pink bollworm ranges overlap Boll weevil European red mite Gypsy moth caterpillar Grasshopper


23-3 THE CASE AGAINST PESTICIDES


What Is the Major Problem with Using Pesticides? Insects Have an Evolutionary Advantage


Insects can rapidly become genetically resistant to widely used pesticides.


Opponents of widespread pesticide use believe their harmful effects outweigh their benefits. They cite several serious problems with the use of conventional pesticides.


The major problem is that the widespread use of synthetic pesticides accelerates the development of genetic
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According to studies by microbiologist Bruce Ames, we consume far more natural pesticides produced by plants than synthetic ones produced by humans. Ames also contends that exposure to natural pesticides in food causes more cancers than exposure to synthetic pesticides—although neither exposure poses much risk.


Newer pesticides are safer and more effective than many older pesticides.


Greater use is being made of botanicals and microbotanicals (Table 23-1).


Derived originally from plants, they are safer to users and less damaging to the environment than many older pesticides. Genetic engineering is also being used to develop pest-resistant crop strains and genetically altered crops that produce pesticides.


Many new pesticides are used at much lower rates per unit area than older products. For example, application amounts per hectare for many new herbicides are 1/100 the rates for older ones, and genetically engineered crops could reduce the use of toxic insecticides.


What Is the Ideal Pesticide?


An Ongoing Search


Scientists work to develop more effective and safer pesticides, but through coevolution pests find ways combat the pesticides we throw at them.


Scientists continue to search for the ideal pest-killing chemical, which would have these qualities:


Affect only the target organism


Not cause genetic resistance in the target organism


Disappear or break down into harmless chemicals after doing its job


Be more cost effective than doing nothing The search continues, but so far no known natural or synthetic pesticide chemical meets all or even most of these criteria.


Figure 23-2 Geographic range of five major pests in the lower 48 states of the United States. (Data from U.S. Department of Agriculture)


resistance to these chemicals by pest organisms. Insects breed rapidly (Figure 23-3), and within 5–10 years (much sooner in tropical areas) they can develop immunity to pesticides through natural selection and come back stronger than before (Spotlight, p. 524).


Weeds and plant disease organisms also develop genetic resistance, but more slowly. Since 1945, about 520 species of insects (Figure 23-4), 280 plant disease organisms, and 150 weed species have developed genetic resistance to one or more pesticides.


Because of genetic resistance, many insecticides (such as DDT) no longer do a good job of protecting people from insect-transmitted diseases in some parts of the world. This has led to the resurgence of tropical diseases such as malaria. Genetic resistance can also put farmers on a pesticide treadmill, whereby they pay more and more for a pest control program that often becomes less and less effective.


What Are Other Problems with Using Pesticides? Some Serious Concerns


Pesticides can wipe out natural enemies of pest species, create new pest species, and end up in the environment, and some can harm wildlife and people.


Another problem is that most pesticides kill beneficial species as well as the target pest species. For example, most insecticides kill natural predators and parasites that help control the populations of insect pest species.


Wiping out natural predators can unleash new pests, whose populations their predators had previously held in check, and can cause other unexpected effects (Connections, p. 173). Of the 300 most destructive insect pests in the United States, 100 were once minor pests that became major pests after widespread use of insecticides.


With wolf spiders (Figure 23-1, left), wasps, predatory beetles, and other natural enemies out of the way, the population of a rapidly reproducing insect pest species can rebound and even get larger within days or weeks after initially being controlled.


Also, pesticides do not stay put. According to the U.S. Department of Agriculture (USDA), only 0.1–2% of the insecticide applied to crops by aerial (Figure 23-5, p. 524) or ground spraying reaches the target pests.


Also, less than 5% of herbicide applied to crops reaches the target weeds. In other words, 98–99.9% of the pesticides and more than 95% of the herbicides we apply end up in the air, surface water, groundwater, bottom sediments, food, and nontarget organisms, including humans and wildlife (Figure 19-4, p. 411). Crops that have been genetically altered to release small amounts of pesticides directly to pests can help overcome this problem. But this can promote genetic resistance to such pesticides.


Some pesticides harm wildlife. According to the USDA and the U.S. Fish and Wildlife Service, each year pesticides applied to cropland in the United States wipe out about 20% of U.S. honeybee colonies and damage another 15%. This costs farmers at least $200 million per year from reduced pollination of vital crops.


Pesticides also kill more than 67 million birds and 6–14 million fish, and menace about one of every five endangered and threatened species in the United States.
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Figure 23-3 A boll weevil, just one example of an insect capable of rapid breeding. In the cotton fields of the southern United States, these insects lay thousands of eggs, producing a new generation every 21 days and as many as six generations in a single growing season. Attempts to control the cotton boll weevil account for at least one-fourth of insecticide use in the United States. For example, it typically takes about 114 grams (one-quarter pound) of pesticides to make one cotton T-shirt.


Some farmers are increasing their use of natural predators and other biological methods to control this major pest.


Figure 23-4 Between 1945 and 2000 about 520 insect species became genetically resistant to one or more widely used pesticides.


Blue bars show time span over which types of pesticide groups have been used. Dates in parentheses indicate the year in which genetic resistance was first documented. (Data from U.S. Department of Agriculture and the Worldwatch Institute)


U.S. Department of Agriculture


Some pesticides can threaten human health. The World Health Organization (WHO) and the UN Environment Programme (UNEP) estimate that each year pesticides seriously poison at least 3 million agricultural workers in developing countries and at least 300,000 in the United States. This causes 20,000–40,000 deaths (about 25 in the United States) per year. Health officials believe the actual number of pesticide-related illnesses and deaths among the world’s farm workers is greatly underestimated because of poor record-keeping, lack of doctors, inadequate reporting of illnesses, and faulty diagnoses.


Each year about 110,000 Americans, mostly children, get sick from misuse or unsafe storage of pesticides in the home, and about 20 die. According to studies by the National Academy of Sciences, exposure to pesticide residues in food causes 4,000–20,000 cases of cancer per year in the United States. Because roughly half of all people with cancer die prematurely, this amounts to about 2,000–10,000 premature deaths per year in the United States from exposure to legally allowed pesticide residues in foods. This is higher than the EPA estimate of 3,000–6,000 premature deaths per year. The pesticide industry disputes these claims.


Studies have linked exposure to some pesticides to childhood leukemia, Parkinson’s disease, immune system disorders, and prostate and breast cancer.


Some scientists are becoming increasingly concerned about possible genetic mutations, birth defects, nervous system disorders (especially behavioral disorders), and effects on the immune and endocrine systems from long-term exposure to low levels of various pesticides (Case Study, p. 416). The pesticide industry disputes such claims.


Case Study: How Successful Have Pesticides Been in Reducing Crop Losses in the United States? Barely Holding the Line


A slightly higher percentage of the U.S. food supply is lost to pests today than in the 1940s.


Studies indicate that pesticides have not been as effective in reducing crop losses to pests in the United States as agricultural experts had hoped, mostly because of genetic resistance and reductions in natural predators.


David Pimentel, an expert in insect ecology, has evaluated data from more than 300 agricultural scientists and economists and come to three major conclusions.
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A Superbug Called the Silverleaf Whitefly


The ideal insect pest would attack a variety of plants, be highly prolific and have a short generation time, have few natural predators, and be genetically resistant to a number of pesticides.


Bad news. The silverleaf whitefly has these characteristics, and farmers who have encountered it call it a superbug. This tiny white insect escaped from poinsettia greenhouses in Florida in 1986 and has become established in Florida, Arizona, California, and Texas.


It is known to eat at least 500 species of plants but does not like onions and asparagus and has no natural enemies. Dense swarms of these tiny insects attack plants, suck them dry, and leave them withered and dying.


U.S. crop losses from this insect are greater than $200 million a year and are growing. Scientists are scouring the world looking for natural enemies of this superbug. Stay tuned.


Critical Thinking


What is the ecological lesson to be learned from silverleaf whitefly?


SPOTLIGHT


Figure 23-5 A crop duster spraying an insecticide on grapevines south of Fresno, California. Aircraft apply about 25% of the pesticides used on U.S. cropland, but only 0.1–2% of these insecticides actually reach the target pests. To compensate for the drift of pesticides from target to nontarget areas, aircraft apply up to 30% more pesticide than ground-based application does.


National Archives/EPA Documerica


First, although the use of synthetic pesticides has increased 33-fold since 1942, about 37% of the U.S. food supply is lost to pests today compared to 31% in the 1940s. Since 1942 losses attributed to insects almost doubled from 7% to 13% despite a 10-fold increase in the use of synthetic insecticides.


Second, the estimated environmental, health, and social costs of pesticide use in the United States range from $4 billion to $10 billion per year. The International Food Policy Research Institute puts the estimate much higher, at $100–200 billion per year, or $5–10 in damages for every dollar spent on pesticides.


Third, alternative pest management practices could halve the use of chemical pesticides on 40 major U.S. crops without reducing crop yields.


Numerous studies and experience show that pesticide use can be reduced significantly without reducing yields, and in some cases, yields increase. Sweden has cut pesticide use in half with almost no decrease in crop yields. Campbell Soup uses no pesticides on tomatoes it grows in Mexico, and yields have not dropped. After a two-thirds cut in pesticide use on rice in Indonesia, yields increased by 15%.
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U.S. pesticide companies make and export to other countries pesticides that have been banned or severely restricted—or never even approved—for use in the United States. Other industrial countries also export banned and unapproved pesticides.


But what goes around can come around. In what environmentalists call a circle of poison, residues of some of these banned or unapproved chemicals exported to other countries can return to the exporting countries on imported food.


Persistent pesticides such as DDT can also be carried by winds from other countries to the United States.


Environmentalists have urged the U.S. Congress —without success—to ban such exports. Supporters of pesticide exports argue that such sales increase economic growth and provide jobs and that banned pesticides are exported only with the consent of the importing countries. They also contend that if the United States did not export pesticides, other countries would.


In 1998, more than 50 countries met to finalize an international treaty that requires exporting countries to have informed consent from importing countries for exports of 22 pesticides and 5 industrial chemicals. In 2000, more than 100 countries developed an international agreement to ban or phase out the use of 12 especially hazardous persistent organic pollutants (POPs)—9 of them persistent chlorinated hydrocarbon pesticides such as DDT. In 2004, this treaty went into effect.


Critical Thinking


Should U.S. companies be allowed to export pesticides that have been banned, severely restricted, or not approved for use in the United States? Explain.


What Goes Around Can Come Around


CONNECTIONS


23-4 PESTICIDE REGULATION


How Are Pesticides Regulated in the United States? The Legal Approach


A federal law regulates pesticide use in the United States, but it can be improved.


The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was established by Congress in 1947 and amended in 1972. It requires EPA approval for use of all commercial pesticides. Pesticide companies must evaluate the biologically active ingredients in their products for toxicity to animals and, by extrapolation, to humans. EPA officials then review such data from pesticide companies to determine whether the pesticide can be registered for use. When a pesticide is approved for use on fruits or vegetables, the EPA sets a tolerance level specifying the amount of toxic pesticide residue that can legally remain on the crop when the consumer eats it.


The EPA banned or severely restricted the use of 56 active pesticide ingredients between 1972 and 2004.


The banned chemicals include most chlorinated hydrocarbon insecticides, several carbamates and organophosphates, and the systemic herbicides 2,4,5-T and Silvex (Table 23-1). However, there is still controversy over the ban of DDT and other chlorine-containing pesticides (Case Study, p. 526).


Also, the 1996 Food Quality Protection Act (FQPA) increased public protection from pesticides. It requires manufacturers to demonstrate the safety of active ingredients in new pesticide products for infants and children. The EPA must also consider the effects of simultaneous exposures to more than one pesticide when setting pesticide tolerance levels.


However, banned or unregistered pesticides may be manufactured in the United States and exported to other countries (Connections, above left). Also, according to scientific literature reviewed by the EPA,


HOW WOULD YOU VOTE? Do the advantages of using synthetic chemical pesticides outweigh their disadvantages? Cast your vote online at http://biology.brookscole.com/miller14.


approximately 165 of the active ingredients approved for use in U.S. pesticide products are known or suspected human carcinogens. By 2004, only 43 of these pesticide chemicals had been banned by the EPA or discontinued voluntarily by manufacturers.


A study of Missouri children revealed a statistically significant correlation between childhood brain cancer and use of various pesticides in the home, including flea and tick collars, no-pest strips, and chemicals used to control pests such as roaches, ants, spiders, mosquitoes, and termites. Also, EPA scientists published a report in 2000 indicating that atrazine (widely used as a weed killer by farmers) could cause uterine, prostate, and breast cancer in humans and disrupt reproductive development.


Also, according to studies by the National Academy of Sciences, federal laws regulating pesticide use in the United States are inadequate and poorly enforced by the EPA, Food and Drug Administration (FDA), and USDA. Another study by the National Academy of Sciences found that up to 98% of the potential risk of developing cancer from pesticide residues on food grown in the United States would be eliminated if EPA standards were as strict for pre-1972 pesticides as they are for later ones.


The pesticide industry disputes these findings and says that eating food grown by using pesticides for the past 50 years has never harmed anyone in the United States. The industry also claims that the benefits of pesticides far outweigh their disadvantages.


Environmentalists and a number of health officials call for strengthening U.S. pesticide laws to help prevent contamination of groundwater by pesticides, improve the safety of farm workers who are exposed to high levels of pesticides, and allow citizens to sue the EPA for not enforcing the law. Pesticide manufacturers strongly oppose such changes and lobby elected officials to weaken FIFRA.


Pesticide control laws in the United States could be improved. But most other countries (especially developing countries) have not made nearly as much progress as the United States has in regulating pesticides.


Case Study: Revisiting DDT— from Riches to Rags


Since 1972 DDT has been banned in developed countries, and there is controversy over its continuing use in some developing countries to combat malaria.


After its discovery in 1939, DDT quickly became the world’s most widely used pesticide. It was a cheap and effective weapon to kill crop-devouring insects and mosquitoes and other insects that transmitted infectious diseases such as malaria. There is little doubt that single-handedly this chemical has saved many millions of lives from infectious diseases.


DDT’s role as a “chemical hero” began changing in 1962 when Rachel Carson published her book Silent Spring, which warned of the dangers of DDT and other broad-spectrum and persistent pesticides (Individuals Matter, p. 27). This led to much closer scrutiny of such pesticides and public pressure to ban DDT and its persistent chlorinated hydrocarbon chemical cousins that were also widely used as pesticides (Table 23-1).


In 1970, the U.S. Environmental Protection Agency was established. In 1972, the earlier Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was amended to give the EPA control over the registration and regulation of pesticides in the United States.


In that same year, the EPA banned the use of DDT (and later the use of its similar chemical cousins) in the United States. The EPA banned DDT for several reasons.


First, it is a broad-spectrum chemical that kills many beneficial insects along with its target species. Second, it is a persistent chemical that remains in one chemical form or another in the environment for up to 15 years and can be biologically magnified in food webs (Figure 19-4, p. 411). Third, it reduced populations of many birds and other species, especially those feeding at high trophic levels in food webs, such as eagles and peregrine falcons. Fourth, there was some preliminary but not conclusive evidence that it could cause cancer in humans. Fifth, it was becoming less effective because a growing number of insect pests that consume crops and transmit diseases had developed genetic resistance to DDT and other chlorinated hydrocarbon pesticides. Some contend political pressure from the public and a growing environmental movement also played a role in the ban of this chemical.


Pesticide manufacturers opposed the ban but were more than happy to supply more expensive alternatives.


Debate over the DDT ban in the United States continues today. There was considerable evidence for its ecological harm and more evidence has accumulated.


But pesticide industry scientists say there was not enough evidence then (and today) that DDT can cause cancer in humans—one of the key reasons used to ban the chemical under the FIFRA pesticide law.


Critics of the ban try to separate the possible harmful effects of DDT on humans from its effects on other species and ecosystems. They pose such questions as: Do we want to protect penguins or people?


Scientists say this is too simplistic because we cannot separate harm to the environment from harm to people. This is especially true for widely used and long-lived chemicals such as DDT that can build up in food webs and are now found in even the most remote parts of the world.


This was the heart of Rachel Carson’s warning.


Traces of these chemicals are everywhere, including
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our bodies, and we should be concerned about their possible long-term effects on both the environment and human health. Critics of pesticides contend that the best way to reduce such risks is to prevent such chemicals from reaching the environment. This would spur us to look for safer, affordable alternative chemicals and for biological and ecological ways to control pests.


In addition, since 1975 there has been growing evidence that very low levels of chlorine-containing pesticides and a variety of other fat-soluble chemicals may disrupt the human immune, endocrine, and nervous systems by mimicking and disrupting the effects of natural hormones in our bodies (Case Study, p. 416).


The scientific jury is still out on if or how these chemicals are harmful to humans.


Critics of the ban on DDT and other chlorinated hydrocarbon pesticides say the ban ended up increasing human deaths from exposure to pesticides. Why?


Organophosphates that were less persistent and ecologically damaging replaced chlorinated hydrocarbon pesticides. But it turned out that these chemicals were hundreds and in some cases thousands of times more toxic to humans than DDT and its chemical cousins.


As a result, these replacements killed a large number of farm workers and children playing in sprayed fields or otherwise coming into contact with organophosphate pesticides.


This led the EPA to ban the use of many organophosphates and then carbamates that followed them (Table 23-1). Since then new groups of pesticides such as botanicals and microbotanicals have been developed that are less harmful to humans and the environment.


Although DDT is banned in developed countries, it has not gone away. It is manufactured legally in several countries and is still used to treat crops and to kill disease-carrying insects in a number of developing countries.


In 2000, delegates from 122 countries agreed on a global pollution prevention treaty to control, reduce, phase out, and destroy stockpiles of 12 persistent organic pollutants (POPs). This list of chemicals, called the dirty dozen, includes DDT and eight other chlorinecontaining persistent pesticides.


The treaty, which went into effect in 2004, allows 25 countries to continue using DDT to combat malaria until safer alternatives are available. This was allowed because the health benefits of using DDT to decrease malaria far outweigh the remote possibility of harm to people. Although DDT may prove to have some as-yet unknown harmful effects on humans, malaria kills about 1 million people a year—most of them children —and sickens and weakens several hundred million people.


In addition, spraying low levels of DDT indoors and on bed nets would not spread large amounts of the chemical into the environment compared to blanketing crop fields with DDT. This should slow the development of genetic resistance to DDT in malaria-carrying mosquitoes. Also, after the ban it was discovered that even when mosquitoes developed genetic resistance to DDT, it still acted as a repellent and irritant that drove nocturnal mosquitoes out of homes before they had a chance to bite. Despite this decision the World Bank and other international aid agencies do not provide loans or funds for malaria-control projects that involve the use of DDT.


Opponents argue that a complete ban on DDT will spur research efforts to find other cost-effective pesticides for killing malaria-causing mosquitoes and to find alternatives to using pesticides. They support WHO efforts to use a variety of methods to reduce the threat of malaria.
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23-5 ALTERNATIVES TO CONVENTIONAL CHEMICAL PESTICIDES


What Should Be the Primary Goal of Pest Control? Pest Reduction Not Eradication


Reducing crop damage to an economically tolerable level should be the primary goal of pest control efforts.


In most cases, the primary goal of spraying with conventional pesticides is to eradicate pests in the area affected.


However, critics say the primary goal of any pest control strategy should be to reduce crop damage to an economically tolerable level. The point at which the economic losses caused by pest damage outweigh the cost of applying a pesticide is called the economic threshold. Because of the risk of increased genetic resistance and other problems, continuing to spray beyond the economic threshold can make matters worse and can cost more than it is worth.


The problem is determining when the economic threshold has been reached. This involves careful monitoring of crop fields to assess crop damage and determine pest populations.


Many farmers do not want to bother doing this and instead are likely to use additional insurance spraying to be on the safe side. One method used to reduce unnecessary insurance spraying is the purchase of pest-loss insurance. It pays farmers for losses caused by pests and is usually cheaper than using excess pesticides.


Another source of increased pesticide use is cosmetic spraying. Extra pesticides are used because most consumers often buy only the best-looking fruits and


HOW WOULD YOU VOTE? Should DDT and other persistent chlorine-containing pesticides still be used to control malaria throughout the world? Cast your vote online at http://biology .brookscole.com/miller14.


vegetables even though there is nothing wrong with blemished ones. The only solution to this problem is consumer education. Would you buy blemished fruits and vegetables?


What Are Other Ways to Control Pests?


Copy Nature


A mix of cultivation practices and biological and ecological alternatives to conventional chemical pesticides can help control pests.


Many scientists believe we should greatly increase the use of biological, ecological, and other alternative methods for controlling pests and diseases that affect crops and human health. A number of methods are available.


One is the use of various cultivation practices to fake out pest species. Examples are rotating the types of crops planted in a field each year, adjusting planting times so major insect pests either starve or get eaten by their natural predators, and growing crops in areas where their major pests do not exist. Also, farmers can increase the use of polyculture, which uses plant diversity to reduce losses to pests.


Homeowners can reduce weed invasions by cutting grass no lower than 8 centimeters (3 inches) high.


This provides a dense enough cover to keep out crabgrass and many other undesirable weeds. Homeowners can also avoid growing plants such as roses that attract a number of insect pests and grow plants such as chrysanthemums and marigolds that repel many insect pests.


Genetic engineering can be used to speed up the development of pest- and disease-resistant crop strains (Figure 23-6). But there is controversy over whether the projected advantages of the increasing use of genetically modified plants and foods outweigh their projected disadvantages (Figure 14-19, p. 292).


We can increase the use of biological pest control. It involves importing natural predators (Figures 23-1 and 23-7), parasites, and disease-causing bacteria and viruses to help regulate pest populations. More than 1,000 species have been introduced to help control pest species in North America, with generally favorable results.


For example, several species of European beetles are being used in the United States to help reduce the purple loosestrife plant that has invaded many U.S. wetlands (Figure 13-5, p. 256).


Biological control focuses on selected target species, is nontoxic to other species, and minimizes genetic resistance. Also, it can save large amounts of money—about $25 for every $1 invested in controlling 70 pests in the United States. However, biological agents cannot always be mass produced, are often slower acting and more difficult to apply than conventional pesticides, can sometimes multiply and become pests themselves, and must be protected from pesticides sprayed in nearby fields.


Another strategy is insect birth control. This involves raising males of insect pest species in the laboratory and sterilizing them by exposure to radiation or chemicals. The sterile males are released into an infested area to mate with fertile wild females who then lay eggs that never hatch. This method has been used to control the screwworm fly, a major livestock pest from the southeastern United States (Figure 23-8), and the Mediterranean fruit fly (medfly) during a 1990 outbreak in California. However, problems include high costs, difficulties in knowing the mating time and behavior of each target insect, and the large number of sterile males needed. In addition, there are few species for which this strategy works, and sterile males must be released continually to prevent pest resurgence.


Sex attractants can also help control pests. Plants and animals have evolved a variety of natural attractants called pheromones. Scientists have identified many of these natural chemicals and use them to lure


528 CHAPTER 23 Pest Management


Figure 23-6 The results of one example of using genetic engineering to reduce pest damage. Both tomato plants were exposed to destructive caterpillars. The normal plant’s leaves are almost gone (left), whereas the genetically altered plant (right) shows little damage.


Monsanto


Figure 23-7 Natural capital: biological pest control. An adult convergent ladybug (right) is consuming an aphid (left).


pests such as Japanese beetles into traps or to attract their natural predators into crop fields (usually the more effective approach). Pheromones can also be released into the air to confuse insects and make it difficult for them to find mates. More than 50 companies worldwide sell about 250 pheromones to control pests (Figure 23-9).


These chemicals attract only one species, work in trace amounts, have little chance of causing genetic resistance, and are not harmful to nontarget species.


However, it is costly and time consuming to identify, isolate, and produce the specific sex attractant for each pest or predator.


Another approach is to use hormones that disrupt an insect’s normal life cycle (Figure 23-10) and prevent it from reaching maturity and reproducing (Figure 23-11, p. 530). Insect hormones are natural chemicals produced by insects to regulate their growth at various stages of their natural life cycle. By learning what hormones an insect needs at various stages in its life, scientists can use these chemicals to disrupt and kill the insect —another example of learning from nature.
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Figure 23-8 Infestation of a steer by screwworm fly larvae in Texas. An adult steer can be killed in 10 days by thousands of maggots feeding on a single wound.


U.S. Department of Agriculture


Figure 23-9


Pheromones can help control populations of pests, such as the red scale mites that have infested this lemon grown in Florida.


Agricultural Research Service/USDA


MH Pupa MH JH Eggs JH MH JH MH Larva Black


Figure 23-10 For normal insect growth, development, and reproduction to occur, certain juvenile hormones (JH) and molting hormones (MH) must be present at genetically determined stages in the insect’s life cycle. If applied at the proper time, synthetic hormones disrupt the life cycles of insect pests and help control their populations.


Insect hormones have the same advantages as sex attractants. But they take weeks to kill an insect, often are ineffective with large infestations of insects, and sometimes break down before they can act. In addition, they must be applied at exactly the right time in the target insect’s life cycle, can sometimes affect the target’s predators and other nonpest species, and are difficult and costly to produce.


Some farmers have controlled some insect pests by spraying them with hot water. This has worked well on cotton, alfalfa, and potato fields and in citrus groves in Florida, and the cost is roughly equal to that of using chemical pesticides.


Another strategy is to expose foods to high-energy gamma radiation. Such food irradiation extends food shelf life and kills insects and parasitic worms (such as trichinae in pork). It also kills harmful bacteria such as salmonella, which infects at least 51,000 Americans and kills 2,000 each year, and E. coli, which infects more than 20,000 Americans and kills about 250 each year. According to the U.S. FDA and the WHO, more than 2,000 studies show that foods exposed to low doses of gamma radiation are safe for human consumption.


But critics of irradiating food argue that it forms trace amounts of certain chemicals that have caused cancer in laboratory animals. They also point out that the long-term health effects of eating irradiated food are unknown and consumers do not want old and possibly less nutritious food to be made to appear fresh and healthy by irradiation. They also support clear labeling of all irradiated foods so that consumers can make informed choices—a proposal that is opposed by sellers of such foods. Another problem: the poorly protected facilities for food irradiation contain radioactive isotopes that terrorists could steal and use to make dirty nuclear bombs.


Some consumers oppose irradiating food and refuse to eat it because they fear it is radioactive, but it is not. When food is irradiated it does not become radioactive any more than you do when you get a dental or chest X-ray.


Is Integrated Pest Management the Answer?


A Combined Ecological Approach


An ecological approach to pest control uses an integrated mix of cultivation and biological methods, and small amounts of selected chemical pesticides as a last resort.


An increasing number of pest control experts and farmers believe the best way to control crop pests is a carefully designed integrated pest management (IPM) program. In this approach, each crop and its pests are evaluated as parts of an ecological system.


Then farmers develop a control program that includes cultivation, biological, and chemical methods applied in proper sequence and with the proper timing.


The overall aim of IPM is not to eradicate pest populations but to reduce crop damage to an economically tolerable level. Fields are monitored carefully to determine when an economically damaging level of pests has been reached. When this happens farmers first use biological methods (natural predators, parasites, and disease organisms) and cultivation controls, including vacuuming up harmful bugs. Small amounts of insecticides—mostly based on natural insecticides produced by plants—are applied only as a last resort.


Also, different chemicals are used in order to slow the development of genetic resistance and to avoid killing predators of pest species.


In 1986, the Indonesian government banned 57 of the 66 pesticides used on rice and phased out pesticide subsidies over a 2-year period. It also launched a nationwide education program to help farmers switch to IPM. The results were dramatic. Between 1987 and 1992, pesticide use dropped by 65%, rice production rose by 15%, and more than 250,000 farmers were trained in IPM techniques. In Sri Lanka IPM increased rice yields 11–44% and increased farmer incomes 38–178%. Sweden and Denmark have used IPM to cut their pesticide use in half.


The experiences of these and other countries show that a well-designed IPM program can reduce pesticide use and pest control costs by at least half, cut pre-harvest losses from pests by half, and improve crop yields. It can also reduce inputs of fertilizer and irrigation water and slow the development of genetic resistance because pests are assaulted less often and with lower doses of pesticides.


Thus IPM is an important form of pollution prevention that reduces risks to wildlife and human health.


Consumers Union estimates that if all U.S. farmers practiced IPM by 2020, public health risks from pesticides would drop by 75%.


Why Have More Farmers Not Switched to Integrated Pest Management? Politics in Action


Government subsidies for conventional pesticides, opposition by pesticide manufacturers, and a lack of experts to advise farmers hinder a widespread shift to integrated pest management.


Despite its promise, IPM, like any other form of pest control, has some disadvantages. It requires expert knowledge about each pest situation including a pest’s life cycles, feeding habits, movements, and nesting habits. It is also slower acting than conventional pesticides, and methods developed for a crop in one area might not apply to areas with even slightly different growing conditions. Also, initial costs may be higher, although long-term costs typically are lower than those of using conventional pesticides.


Widespread use of IPM is hindered by government subsidies of conventional chemical pesticides
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Figure 23-11 A use of hormones to prevent insects from maturing completely, making it impossible for them to reproduce.


The stunted tobacco hornworm (left) was fed a hormone that prevents production of molting hormones. They eat but die when they cannot shed the skin off of their bulging bodies— somewhat like being trapped in a tight wet suit while you put on lots of weight. A normal hornworm is shown on the right.


Agricultural Research Service/USDA and opposition from agricultural chemical companies, whose pesticide sales would drop sharply. There is also a lack of experts to help farmers shift to IPM.


A1996 study by the National Academy of Sciences recommended that the United States shift from chemically based approaches to ecologically based pest management approaches. According to the study, within 5–10 years, such a shift could cut U.S. pesticide use in half, as it has in several other countries.


A growing number of scientists urge the USDA to use three strategies to promote IPM in the United States:


Add a 2% sales tax on pesticides and use the revenue to fund IPM research and education


Set up a federally supported IPM demonstration project on at least one farm in every county


Train USDA field personnel and county farm agents in IPM so they can help farmers use this alternative. The pesticide industry has successfully opposed such measures.


Good news. Several UN agencies and the World Bank have joined together to establish an IPM facility.


Its goal is to promote use of IPM by disseminating information and establishing networks among researchers, farmers, and agricultural extension agents involved in IPM.
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We need to recognize that pest control is basically an ecological, not a chemical, problem.


ROBERT L. RUDD


CRITICAL THINKING


1. Do you agree or disagree that because DDT and the other banned chlorinated hydrocarbon pesticides pose no demonstrable threat to human health and have saved millions of lives, they should again be approved for use on crops in the United States? Explain.


2. If increased mosquito populations threatened you with malaria or West Nile virus, would you spray DDT in your yard and inside your home to reduce the risk? Explain. What are the alternatives?


3. Explain how widespread use of a pesticide can (a) increase the damage done by a particular pest and (b) create new pest organisms.


4. Explain why biological pest control often is more successful on a small island than on a continent.


5. Should farmers be given government subsidies for switching to integrated pest management (IPM)? Explain your position.


6. Should certain types of foods be irradiated to help control disease organisms and increase shelf life? Explain. If so, should such foods be required to carry a clear label stating that they have been irradiated? Explain.


7. What changes, if any, do you believe should be made in the Federal Insecticide, Fungicide, and Rodenticide Act and the Food Quality Protection Act that regulate pesticide use in the United States?


8. Congratulations! You are in charge of pest control for the entire world. What are the three most important components of your global pest management strategy?


PROJECTS


1. How are bugs and weeds controlled in (a) your yard and garden, (b) the grounds of your school, and (c) public school grounds, parks, and playgrounds in your community?


2. List all pesticides used in or around your home. Compare the results for your entire class. Which ones could be eliminated?


3. Some research shows that although many people agree we need to make greater use of alternatives to conventional pesticides for controlling pests, when they are faced with an actual infestation from insects or rodents the first thing they do is spray with pesticides. Survey members of your class and other groups to help determine the validity of these research findings.


4. Use the library or the Internet to find bibliographic information about Ralph Waldo Emerson and Robert L. Rudd, whose quotes appear at the beginning and end of this chapter.


5. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface). Look at the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http://biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 23, and select a learning resource.


HOW WOULD YOU VOTE? Should governments heavily subsidize a switch to integrated pest management? Cast your vote online at http://biology.brookscole.com/miller14.


