Understanding Pesticide Resistance – Script
Slide

1. This presentation will discuss understanding pesticide resistance, the reasons why it occurs, and management to prevent or delay its occurrence.

2. Pesticides are valuable additions to the box of tools available to pest managers. However, they should be considered as one part of the total integrated pest management, IPM, plan and not considered the only solution. Pesticide failure can occur for a variety of reasons: 

*Improper pest identification which leads to incorrect pesticide selection; 

*Incorrect pesticide dosage;

*Improper application timing; 

*The pesticide does not reach target pest; 

*Unfavorable environmental conditions; 

*State of poor pesticide condition, most likely from improper storage; and finally

*Pesticide resistance.

3. Let’s first discuss those reasons for a pesticide not being effective, because from the list of reasons just shown, you can see more often than not, it’s due to human error – not true resistance. Accurate pest identification should be the first step. Being able to accurately identify pests requires patience and practice. Subtle differences among pest species may often lead to a false identification. For example, control methods vary for different species of grassy weeds. Although they may have common features, such as parallel veins and round stems, crabgrass and bermudagrass control tactics are not always the same. Crabgrass is an annual, while bermudagrass is a tougher-to-control perennial with vegetative rhizomes and stolons. Although some postemergence herbicides may control both species, preemergence herbicides will only reliably control crabgrass.

4. Likewise, different species of mites, shown here, can be difficult to distinguish from one another because of their extremely small bodies. However, the pesticides selected to control different mite species can vary. An example would be pesticide selection for the control of spider mites and rust mites in citrus. Regardless of the pest class, making an accurate identification is critical. University of Florida's Institute of Food and Agricultural Sciences offers a variety of services to help determine the cause of plant problems and can provide pest identification through the Florida Plant Disease Clinic Network. Contact your local Florida Cooperative Extension office for help in pest identification.

5. Several reasons may account for applying the incorrect pesticide dosage. Application equipment should be properly calibrated to deliver a known volume. Underdosing can be expensive because retreatment may be necessary. On the other hand, overdosing is a violation of the product's label wording. Keep in mind that the rate listed on a product label as controlling one specific pest, will not necessarily be the amount needed to control other species 

6. Apply the pesticide to the life stage of the pest that is most susceptible to the effects of the pesticide. Generally, herbicides are most effective on small, early stages of weed growth. Many insecticides are effective on insect larvae or nymphs, but not on adults. Some pesticide labels will list their rates based upon growth stage or size. Another potential problem involving timing is an application that takes place after the infiltration or departure of a pest. An application of a protectant fungicide will provide little, or no, control of a plant pathogen that has already invaded its host plant. Many labels will instruct that applications should begin prior to the onset of infection.

7. Sometimes pesticide applications aren't effective because the pest is in a difficult-to-reach location that is difficult for the pesticide to reach. Many insects are located on the underside of leaves, under bark or soil, or within stems and fruits, such as the lesser cornstalk borer shown here. When insects are on leaf undersides, applicator sprays must be directed at those areas to have an effect. After application, some pesticides must be watered, by either rainfall or irrigation, into the soil zone where underground insects are feeding. Read the label for maximum product efficacy.

8. Most pesticides should not be applied just prior to or during rainfall. Rain washes pesticides off foliage before they have time to take effect. High temperatures, lack of moisture, and both acid and alkaline soil pH produce thicker cuticle formation on the surface of weeds. Thick cuticles prevent herbicide uptake, thus weed control is not maximized. Windy conditions can cause pesticides to drift from their intended sites and can also result in damage to desirable plants. Injuries caused by drift or not applying according to label directions are subject to legal penalties. Also, many labels will carry statement regarding unfavorable conditions will not result in optimal pest control.

9. Under some conditions, some pesticides can change into a form that is not effective. The age of the pesticide, moisture, and temperature extremes are the primary factors responsible for chemical reactions which alter the formulation's active ingredient, rendering them ineffective. Moisture is generally a problem when dry products are stored in bags or containers that have not been adequately sealed. Statements on the product's label often instruct the user not to store the product in extreme heat). Heat may also cause volatilization of some pesticides if their containers are not adequately sealed. Such statements are found in the "Storage and Disposal" section of the product labels.

10. Now, let’s begin the discussion of pesticide resistance. In order to feed the ever-growing population, researchers were always on the lookout for new technologies; technologies that will increase food production and that are economically viable at the same time. So the introduction of pesticides in agriculture was a welcome move. It helped farmers control some of the noxious pests and thus reduced the yield loss caused by them at an affordable cost. But along with these advantages there came some inadvertent disadvantages; development of resistance against these pesticides in targeted organisms was the most prominent among them. Pesticide resistance to any class of pesticide can undermine the entire approach to management of a pest population.

11. First, how is pesticide resistance defined? Resistance refers to an inheritable change in the sensitivity of a pest population that is reflected in the repeated failure of a product to achieve the expected level of control when used according to the label recommendation for that pest species. Resistance does not occur as often as some people may think. Resistance develops because intensive pesticide use kills the susceptible individuals in a population, leaving only the resistant ones to reproduce. Initially, higher labeled rates and more frequent applications are needed to control resistant pests. Eventually, however, the pesticide will have little or no effect on the pest population. Resistance may develop to only a single pesticide. More often, however, pest populations become resistant to all chemically related pesticides in a class of compounds. It is also possible for a pest to develop resistance to pesticides in two or more classes of compounds with unlike modes of action. Continual use of pesticides from the same chemical class, such as all organophosphate or all pyrethroid insecticides, increases the likelihood that resistance will develop in pest populations. Frequent applications and persistence of the chemical greatly increases the chances of resistance occurring. Finally, the spread of resistance through a pest population can occur much more rapidly in pests that have many generations per year and many offspring per generation, such as insects, fungi, and rodents.

12. Tolerance is the inherent ability of a species to survive following a pesticide treatment. For example, with weeds, there was no selection to make the plant tolerant; it simply possesses a natural tolerance. For instance, most grass species are tolerant to the herbicide, 2,4-D.

13. In addition to being resistant to a single pesticide, some resistant pests can be classified as having cross resistance or multiple resistance. Cross resistant pests have resistance to two or more pesticides from the same group, that is, the same site of action. For example, using weeds again, if you have a population of pigweed that has developed resistance to atrazine, a herbicide that targets photosynthesis in plants, it is likely that these pigweed plants will also be resistant to the herbicides, simazine and metribuzin, herbicides in the same chemical family as atrazine. *Although it is much less common, pests can also have multiple resistance. Multiple resistant pests are resistant to two or more pesticides with different sites of action. For example, in Indiana, a biotype of horseweed, also called marestail, is resistant to glyphosate, 2,4-D, and chloransulam, herbicides that don’t share the same modes of action.

14. Pesticide resistance can be defined as the ability of any pest to tolerate a pesticide that once controlled it. Resistance develops because intensive pesticide use kills the susceptible individuals in a population, leaving only the resistant ones to reproduce. Initially, higher labeled rates and more frequent applications are needed to control resistant pests. Eventually, however, the pesticide will have little or no effect on the pest population. Resistance may develop to only a single pesticide. More often, however, pest populations become resistant to all chemically related pesticides in a class of compounds. It is also possible for a pest to develop resistance to pesticides in two or more classes of compounds with unlike modes of action. Continual use of pesticides from the same chemical class, such as all organophosphate or all pyrethroid insecticides, increases the likelihood that resistance will develop in pest populations. Frequent applications and persistence of the chemical greatly increases the chances of resistance occurring. Finally, the spread of resistance through a pest population can occur much more rapidly in pests that have many generations per year and many offspring per generation, such as insects, fungi, and rodents.

15. This is a simple schematic diagram, but it demonstrates a possible progression of selection for resistant pest biotypes when a single pesticide or site of action is used continuously or without adding a pesticide with a different site of action to the tank-mixture. Initially, good control would be observed providing application factors were optimal for pesticide activity. After several applications, a single pest may survive, grow and reproduce offspring. The offspring would emerge as the following generation and as a result, more pests would not be controlled in the new generation. As selection pressure continues, one would begin noticing a reduction in pesticide performance when the resistant population in the field approaches approximately 30% of the entire population. Providing the same selection pressure is applied to the pest population, the resistant population will continue to increase until nearly 100% of the population is resistant.

16. The “pesticide treadmill” is a term that has been around for a number of years in describing resistance. This summarizes the concept from the last slide in a step-by-step manner. It refers to an insect population causing damage to a commodity; growers respond by attacking the pests with a product to reduce the damage; the pests become resistant to the chemical and the resistant strain is not controlled, which leads to the application of more chemicals. Insecticide resistance climbs, problems increase, more product is applied; eventually growers switch to another pesticide, if one is available. . . and the vicious cycle continues.
17. The Insecticide, Fungicide, and Herbicide Resistance Action Committees have groups formed in several countries, including the United States, Brazil, South Africa, Spain, India, and Australia. These groups’ purpose is to communicate and educate agricultural producers and crop protection professionals by providing resistance management information. Members of Resistance Action Committees are generally professionals who are actively engaged in the pesticide manufacturing industry. Some university researchers also participate. Each committee has a resistance scheme based on mode of action. The goal of the scheme is to provide information to applicators of pesticides so that they can make sound decisions on selecting pesticides to prevent or manage resistance. Besides selecting products that have different modes of action, growers are also encouraged to integrate non-chemical methods into pest control programs.

18. Insects were the first class of pests to develop resistance against pesticides. San Jose scale resistant to lime sulfur was cited in 1908. Probably most notable involved the early organochlorine insecticide, DDT. Muller, who discovered DDT, won a Nobel Prize for his work with this insecticide. DDT was widely used shortly after its commercial introduction in the 1940’s, and it was only a few short years after its introduction where resistance was confirmed. In this instance, the house fly was reported to be resistant to DDT. Insecticide resistance has had an impact on the management of insect pests in Florida since the mid-1940s following the widespread adoption of synthetic insecticides, especially the organochlorines, organophosphates, and pyrethroids. Numerous reports exist, wherein consistently effective insecticides have become ineffective and remained so for several seasons. Such reports have been considered evidence of resistance development. For example, in the 1950’s, there was strong evidence based on anecdotal reports and data from field efficacy trials for resistance development in the cabbage looper, imported cabbageworm, and leafhoppers. A session of the Florida State Horticultural Society Meeting in 1957 entitled “Symposium-Vegetable Insect Resistance to Insecticides in Florida” made these early Florida reports

19. It has been estimated that insecticide resistance in the United States adds $40 million to the total insecticide bill in additional treatment costs or alternative controls. Better management of pesticides by farmers and the crop experts assisting them, industry specialists say, could reduce this bill and lead to more effective, more efficient use of products. Consider, for example, that resistance in the Colorado potato beetle cost Michigan potato producers $16 million in crop losses in 1991. And, failed cotton production due to resistance in the budworm/bollworm pest complex in India, Thailand, and Mexico collapsed the economies of entire communities. Despite this, insecticides and miticides are still among the most efficient tools for keeping pest populations under control. Managing pesticides to avoid resistance development is vital to sustainable production of commodities. 
20. There are several ways insects can become resistant to crop protection products:
*Resistant insects may naturally detoxify or destroy the toxin faster than susceptible insects, or quickly rid their bodies of the toxic molecules, called metabolic resistance; 

*The site where the toxin usually binds in the insect has been genetically modified to reduce the product's effects, called altered target-site resistance; 

*Resistant insects may absorb the toxin slower than susceptible insects, called penetration resistance; or 

*Resistant insects may detect or recognize a danger and avoid the toxin, called behavioral resistance. 
Pests often utilize more than one of these mechanisms at the same time. Let’s look at each one of these in more detail.
21. Metabolic resistance is the most common mechanism and often presents the greatest challenge. Insects use their internal enzyme systems to break down insecticides. Resistant strains may possess greater levels or more efficient forms of these enzymes. In addition to being more efficient, these enzyme systems also may be broad spectrum, meaning they can degrade many different pesticides. The earliest reported case of metabolic resistance was DDT-resistant houseflies. Resistance to organophosphates and pyrethroids also can result from this mechanism. If metabolic resistance is suspected, it can be confirmed in a laboratory. Rotating to a different compound to combat resistance is likely to help only if the second compound is metabolized by different enzyme systems within the target pest.
22. The second most common mechanism is altered target-site resistance - a form of resistance caused by a change in the structure of the site or the number of sites where the pesticide causes toxicity to the insect. Some DDT, organophosphate and pyrethroid failures are due to target-site resistance. Changes in insect target sites have been found in several species, including tobacco budworm and the Colorado potato beetle. Identifying this form of resistance can be done in the laboratory. Resistance management can be practiced by using different classes of compounds that target different sites; for example, rotating between carbamates and neonicotinoids.
23. Penetration resistance occurs when insects, such as the housefly, can slow absorption of chemicals into their bodies because their outer cuticle has developed barriers against the products. The bad news is that this can protect insects from a wide range of insecticides. Penetration resistance is usually present along with other forms of resistance, and reduced penetration intensifies the effects of those other mechanisms. Penetration resistance must be diagnosed in a laboratory, and specialists advise alternating or rotating insecticides from different classes to combat penetration resistance. 
24. Behavioral resistance occurs when insects or mites are able to evade contact with insecticides through avoidance. This mechanism of resistance has been reported for several classes of insecticides, including organochlorines, organophosphates, carbamates and pyrethroids. Insects may simply quit feeding if they come across certain insecticides, or leave the area where spraying occurred; that is, move to the underside of a sprayed leaf, move deeper in the crop canopy or fly away from the target area. With transgenic plants, insects may stop short of consuming or eating enough toxin to kill them. Behavioral resistance is hard to diagnose, and few management strategies are known; but rotating or alternating insecticides should delay its effects.
25. Consistent with IPM  principles, IRAC recommends the following resistance management guidelines to keep valuable protection tools working effectively and minimize user costs.

*1. Consult an advisor for insecticide resistance management and IPM strategies. Consider the pest management options available and map out a season-long plan to avoid unnecessary applications of insecticides. The best plans are those developed by local experts and farmers and adopted on a regional basis.

*2. Before planting, consider the options for minimizing insecticide use by selecting early maturing varieties or varieties that are resistant to insect attack. Manage the crop for "earliness".

*3. Select insecticides with care and consider the impact on future pest populations. Avoid broad-spectrum insecticides when a narrow or specific insecticide will suffice. A wide range of parameters should be considered beyond simply cost and effectiveness. 

26. *4. Watch the pest population during the growing season. Regularly monitor fields to identify pests and natural enemies, estimate insect populations and track stage of development. Insecticides and acaricides generally should be used only if insect counts exceed the local economic threshold or the point where economic losses exceed the costs of insecticide plus application. Time applications against the most susceptible life stages to gain maximum benefit from the product.

*5. At the end of the season remove crop residues, as appropriate, to eliminate food sources and over wintering habitats for pests. Consider next years IPM/ Insecticide Resistance Management plans while planning and preparing for next year's crops.

27. *6. Prevention is the best strategy, but if you suspect resistance, first eliminate other possible causes. In many instances, lack of control can be attributed to application error, equipment failure, or less-than-optimal environmental conditions. If these possibilities have been ruled out, work with local agricultural advisors and the manufacturer to confirm actual resistance to the compound applied. In the event of a control failure due to resistance, do not repeat the application with an insecticide of the same chemical class.

*7. Consider an integrated approach incorporating as many different control mechanisms as possible. IPM-based programs will include the use of synthetic insecticides, biological insecticides, beneficial insects, including predators and parasites, cultural practices, transgenic plants, crop rotation, pest-resistant crop varieties and chemical attractants or deterrents.

28. Fungicide-resistant plant pathogens are not new. Although the first fungicide resistance confirmation was in 1960, there were few subsequent incidences up until 1970. Since then, there have been more incidences, especially with the introduction of systemic fungicides. Also of concern has been the amount of time taken for resistance to emerge; sometimes within two years of a new commercial fungicide introduction. Fungicide resistance is not unique.

29. There has been a gradual increase in the occurrence of fungicide resistance since the introduction of systemic fungicides in the early 1970s. Such fungicides frequently have very specific modes of action, unlike many of the older materials. Resistance is often first recognized when expected levels of disease control in the field are no longer achieved with doses below the label-recommended dose of the fungicide. Fungicide resistance can arise rapidly and completely so that disease control is totally lost or it can be a more gradual process resulting in partial loss of control. Examples in both categories are known around the world. There are many instances of complete failure of control due to resistance to the benzimidazole fungicides and some to the phenylamide fungicides; for example, the metalaxyl group. More recently there have been cases of such resistance to the strobilurin fungicide group; for example, azoxystrobin. A more gradual loss of control has been found with the triazole group; such as tebuconazole, and dicarboximides; such as iprodione. Resistance to some groups of fungicides has occurred more frequently than to others; likewise some pathogens appear to be more likely than others to become resistant.

30. There are two types of fungicide resistance. *1. where a single major gene is involved, pathogens are either resistant or sensitive and the disease is either controlled or not. Increasing the dose of the fungicide will not affect control. *2. With polygenic resistance, the pathogen population contains strains with a range of sensitivities and control may be improved, at least temporarily, by increasing the dose applied. Resistance to fungicides occurs by genetic mutation. The mutation may already be present in the pathogen population at a very low frequency when the fungicide is introduced, or it may arise subsequently. Whichever, exposure of the population to the fungicide gradually selects for the resistant strains until the point when it becomes detectable by poor fungicide performance. *Cross-resistance in a pathogen occurs when exposure to one fungicide from a group confers resistance to other fungicides in the same group. A much more serious form of resistance is multiple resistance. It occurs where a pathogen is resistant to a number of fungicides from more than one group as a result of multiple exposures to different fungicides.

31. It is important to emphasize that most fungicides are still very effective against the target organisms for which they were developed and that fungicide resistance occurs only in a few pathogens. Poor control may also be caused by a range of other factors we identified earlier, such as poor application or timing, adverse environmental conditions and wrong disease identification. These should always be considered before concluding poor control is caused by resistance. However, the potential dangers of resistance must be recognized and early action will enable the industry to gain the maximum benefit from the effective fungicides which are available. Factors which affect the development of fungicide resistance include the type of fungicide, its frequency of use, whether alone or in a program, the target pathogen and the ability of the resistant forms to survive.

32. The risk of pathogens developing resistance to fungicides can be reduced by various means.

Where available, make full use of disease-resistant varieties. There are resistant varieties available for practically every agricultural and horticultural setting and many options for the plant pathogens they combat.

Use crop rotation to avoid the build-up of soil-borne pathogens. 

Practice good crop hygiene by paying close attention to the disposal of plant debris and elimination of other primary sources of inoculum, such as volunteer plants, dumping sites etc. 

Use soil sterilization, tool disinfection and general hygiene to reduce the incidence of disease. 

Minimize the use of fungicides by avoiding unnecessary prophylactic treatments and particularly repeated applications of fungicides of the same group. 

Alternate applications of fungicides from different groups, or use recommended formulated mixtures or tank-mixes designed to help combat resistance. Use at effective doses. Lists of popular fungicides approved for use on different crops arranged by fungicide group are found in the Fungicide Resistance Action Network’s website. 

Make as full a use as possible of fungicides with a multi-site mode of action, which are less prone to fungicide resistance problems. 

33. The first recorded herbicide-resistant weed, 2,4-D-resistant spreading dayflower, was identified in 1957 in a sugarcane field in Hawaii. In the continental United States, herbicide-resistant weeds were first discovered in the late 1960s in a pine nursery in the Pacific Northwest where triazine herbicides had been used repeatedly. This case in the pine nursery occurred with the weed, groundsel. Within a few years, triazine resistance was reported with pigweed and lambsquarters. Now more than 50 species of triazine-resistant weeds exist.

34. At the present, there are more than 300 weed resistant biotypes reported throughout the world. These biotypes represent 183 species, comprised of various dicots and monocots, confirmed in more than 270,000 known field sites. These represent only the known biotypes and sites; there are no doubt countless more.

35. On a world-wide basis, these weed species are ranked as the top 10 most important herbicide resistant weeds. Most of these species also occur in Florida, but resistance is not presently confirmed here. The only weed biotypes that are currently and officially reported to have herbicide resistance in Florida are American black nightshade, goosegrass, and dotted duckweed, all resistant to the bipyridilium herbicides. It’s interesting that of the 10 species shown here, there are an equal number of monocots and dicots.

36. If we look at where the most cases of confirmed herbicide resistance occur, it’s not surprising that the areas of historical, intensive agricultural production are the most cited. It would be these areas that have relied on herbicides as a major component of their weed management programs. The United States, Canada, France, Spain, Great Britain, and Australia all have reported at least 41 resistant weed biotypes. Several countries that have adopted more modern agricultural production practices and increased acreages in recent years, such as Brazil and China, will likely see an increase in cases of herbicide resistance.

37. Since modern-day insecticides and fungicides came into use much earlier relative to herbicides, it was inevitable that herbicide resistance would occur later in time. Some years ago, there was an old saying that entomologists and plant pathologists weren’t impressed with herbicide resistance. That philosophy has changed over the past 30 years as resistance cases have increased dramatically. Why would herbicide resistance reports increase at the alarming rate that is shown during the 1980’s and 90’s?

38. This slide will explain the story. The ALS inhibitors, which include the imidazolinones and sulfonyl ureas, and the photosystem II inhibitors, which include the triazines, presently account for 160 of the confirmed cases. This would represent roughly half of the total. The triazines had the very first report of resistance. Their use was very heavily relied upon and used repeatedly over the same sites as there were very few chemical weed control options when they entered the market. The imidazolinones and sulfonyl ureas came into heavy use during the 1980’s; their mode of action is extremely specific on their target weed species – all of these factors that will almost guarantee of resistance problems to come. You can see that the ALS inhibitors reports of resistance during the 1990’s initiated the real need to address herbicide resistance management. Predictions of the time it would take for resistance to occur have been made with these two mode of action groups under field conditions. With the sulfonyl ureas, resistance has been reported to occur after 3 to 5 years of repeated use. With triazine herbicides, resistance has generally appeared after seven or more years of repeated use - essentially the same trend shown by this graph. Therefore, depending upon the proportion of the population that was initially resistant to a herbicide, repeated use of a product for more than two years could develop a herbicide resistance problem.

39. We can classify two sets of factors that affect herbicide resistance – factors that are related to the chemical and factors that are related to weed biology. Those herbicide factors are some that have already been mentioned with insecticides and fungicides. Several herbicide families act on only a single site of action within the plant. These herbicides are generally more likely to select for resistant weeds because a change in only one gene may be enough to affect an herbicide’s binding potential to the site of action. If a herbicide has multiple action sites, it is less likely existing biotypes will have the genetic differences at all of the sites of action that will result in resistance. Herbicides that are applied multiple times during a season, have long residuals, if used for several consecutive seasons, and used as “stand-alone” treatments will all create selection pressure and the resistant population will flourish.

40. The specific mechanisms of herbicide resistance may be due to exclusion or the site of action is somehow affected. With exclusionary resistance, differential uptake refers to the herbicide not being taken up readily due to some morphological uniqueness like overproduction of waxes or reduced leaf area. Modifications of the cell wall, xylem, phloem, or plasma lemma can alter the translocation of an herbicide, thus reducing its toxic effects. With compartmentalization, the herbicide may be sequestered in a location within the plant that prevents it from reaching its target site; potentially, it may be immobilized by partitioning into lipid glands or oil bodies. A final mechanism of exclusionary resistance is through metabolic detoxification before it reaches the site of action – examples would be reactions such as oxidation, reduction, hydrolysis, and conjugation. The site of action may be altered in such a way that it is no longer susceptible to the herbicide. This has occurred with the ALS inhibitors where the ALS enzyme is modified and binding is prevented from occurring.

41. Weeds, by their nature, have a diverse genetic background that gives them the ability to adapt to many different environments. As a herbicide resistant biotype becomes predominant in the weed population, two factors increase in importance: the weed reproductive capability and the weed seed dispersal mechanisms. The greater the reproductive success of the resistant biotype, the greater its potential to spread and become a dominant part of the population. Due to extended viability of most weed seeds, once established, a herbicide resistant biotype will be difficult to eliminate from the population, even if extensive remedial weed control measures are used. Some weeds, such as kochia, can tumble for miles spreading seeds along the way to previously uninfested sites. Some weeds produce seeds with unique physical traits that assist them in floating in water or in air dispersal through wind currents. Both means are capable for moving seed many miles.

42. Based on the previous discussion, some management strategies should now be apparent. First, use herbicides only when necessary. Rotate herbicides, but the most important aspect is to rotate to a different mode of action. The same mode of action should not be made to a single site for more than two consecutive applications. This would refer to two single annual applications for two years, or two split applications within the same year. Apply herbicides in tank-mixes, or prepackages, or sequential mixtures that include multiple sites of action. Both herbicides, however, must have substantial activity against potentially resistant weeds for this strategy to be effective. Crop rotation, in many cases, will allow for different herbicides having different modes of action to be used. If planting crop varieties that are herbicide resistant, then the herbicides selected to use on them should not be applied for more than two consecutive times.

43. Combine, where feasible, mechanical weed control practices such as rotary hoeing and cultivation with herbicide treatments. Include, where soil erosion potential is minimal, primary tillage as a component of the weed management program. Scout fields on a regular basis and identify weeds present. New weeds seen that are located in small spots can be dealt with quickly before spreading. At the same time, respond quickly if changes in weed populations appear to be shifting – these could potentially be resistant. Finally, clean equipment before moving from place to place. Contaminated equipment can easily cause the beginning of a new weed infestation in a previously non-infested site.

44. Of most current weed resistance concerns, has been the situations that have involved glyphosate. Glyphosate entered the market during the 1970’s and its used has increased exponentially during the previous 10 years. There are a number of reasons why, but the herbicide itself offers many benefits, including broad spectrum weed control, crop safety with its resistant crops, rotational crop flexibility, and it’s environmentally favorable and it’s safe from the applicator’s standpoint.

45. These data are for 1997 and they list the actual active ingredients that were sold in terms of pounds. This helps to show why herbicides are so dominating in volumes sold. Of the top 10 active ingredients, 8 of those have at least some herbicidal uses; 7 of the 10 ingredients are used solely as herbicides. The single active ingredient that was used in the largest total volume is atrazine, primarily for corn and sorghum weed control. Of these 10, only 1 is not registered for use in Florida – acetochlor, because of tumor-causing concerns. Although not shown here, of the top 25 active ingredients applied by volume, 16 are herbicides, 2 are insecticides, and 7 are fungicides and fumigants.

46. Now, let’s look how these data have changed in only 2 years. So in 1999, of the top 10 active ingredients, 7 of those are for herbicidal uses. The single active ingredient that was used in the largest total volume is atrazine, unchanged from 1997. One of the most notable changes is the great increase in the use of glyphosate and the large decreased use of metolachlor, probably attributed to the increased popularity of biotechnology use.

47. As of 2007, there were confirmed cases of 8 weed species to be resistant to glyphosate in the United States. This is alarming because of agriculture’s heavy reliance on glyphosate and the herbicide’s positive virtues. But, it seems as though we would never accept the principles of proper resistance management with this herbicide. The management practices used with glyphosate defied what we already knew – if it’s used repeatedly over and over again, problems will develop, and they did. I think many growers who have relied upon glyphosate are now accepting reality that we can’t take these principles for granted.

48. Although not shown by this graph, the latest glyphosate-resistant weed confirmed was with hairy fleabane in California during 2007. It’s alarming that the rate of development has occurred so rapidly with glyphosate in only 10 years – not as rapidly, but similar to the ALS inhibitors during the 1980s and 90s. It’s really not surprising. The trend that was experienced during the 1980s and 90s should have been expected to occur with glyphosate because of its use patterns. The ready adoption of glyphosate biotechnology by farmers occurred at this same time. But, just because a crop species is resistant to glyphosate, that glyphosate is the only herbicide that may be applied to it.

49. The economics of comparing management costs of sensitive and resistant palmer amaranth were compared for 3 major commodities in Georgia and North Carolina. The costs shown here represent a per-acre estimate. Although Florida does not produce a large number of corn and soybean acres, we do produce nearly 100,000 acres of cotton annually. As one may imagine, when there are fewer and fewer available effective tools, the price will significantly increase.

50. It’s not just a glyphosate issue, but glyphosate is the main issue today. Einstein’s statement here probably sums up how we should view resistance management, not only with glyphosate and herbicides, but all pesticides.

51. In summary, the Insecticide, Fungicide, and Herbicide Resistance Action Committees’ websites provide excellent information on this topic. These 3 committees update their information on a regular basis so that it is timely and up to date with the latest in resistance reports.

52. We thank these universities and organizations for contributing information and photographs. Mention of trade names in this presentation is solely for providing specific information. It is not a guarantee or warranty of the products named, and does not signify that they are approved to the exclusion of others of suitable composition. Use pesticides safely. Read and follow directions on the manufacturer’s label.
