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Unit I: Licensing of Private Applicators in Florida

1. This tutorial will review the material that is covered in the Private Applicator Agricultural Pest Control study guide. The contents are the basis for the certification exam for licensing pesticide applicators in Florida.

2. This tutorial is broken into the 8 chapters that are presented in the study manual. Detail will be presented on each of these chapters.
3. In this first section, licensing of private applicators in Florida will be presented.

4. This section has 6 basic learning objectives: 

· Define the term, “private applicator”

· Explain the standards for certification of private applicators

· Know the cost of the private license

· Understand the exam process

· Understand the recertification process

· Define the term, “restricted use pesticide”

5. A private applicator is defined as: A private applicator is an individual who has reached the age of majority and is licensed to use or supervise the use of restricted use pesticides for purposes of producing any agricultural commodity on property owned or rented by his or her employer, or, if applied without compensation other than the trading of personal services between producers of agricultural commodities, on the property of another person.

6. Applicators seeking a license in this category must demonstrate practical knowledge of:

· agricultural plant and animal production and associated pests,

· the chemical control measures that pertain to the prevention or control of such pests,

· the equipment or methodologies used to safely and effectively implement such measures,

· the potential for pesticide residues on such crops,

· preharvest application intervals,

· post-application reentry interval restrictions,

· phytotoxicity,

7. 
· pesticide-related soil or water problems,

· potential for pesticide-induced environmental contamination,

· non-target injury and community problems that may result from the improper use of pesticides in agricultural production,

· animal injury associated with pesticide formulations, application techniques, animal age or stress, or extent of treatment,

· equipment calibration,

· proper design, use, and maintenance of anti-siphon devices and check valves to prevent contamination of water supplies,

8.
· proper interpretation of pesticide label or labeling requirements for products registered for chemigation and appropriate use of personal protective equipment associated with this type of application, and

· soil-inhabiting pests and pests of stored raw agricultural commodities, and the fumigant pesticides that may be used to control such pests, including

· the basics of fumigant pesticide toxicology,

· application methodologies for applying soil and commodity fumigants,

· techniques and procedures for monitoring the concentration of a fumigant pesticide in soil, storage facilities, air, or water,

· use and maintenance of personal protective equipment and clothing, and

· specific safety procedures for handling pressurized chemicals and for avoiding non-target exposure to a fumigant pesticide.

9. The cost of a private applicator license is $100 for a 4-year period.

10. Persons must successfully complete two examinations before they can apply to the Department for a license. These examinations are a Core examination and the Private Applicator Agriculture category examination. The Core examination may be taken at any University of Florida IFAS County Extension Office. The Private Applicator Agriculture category examination may be taken at a University of Florida IFAS County Extension Office that offers category examinations. No special qualifications must be met to take the examination. There is no fee to take the examinations.

11. Manuals and study materials for Core and Private Applicator Agriculture applicators who will be taking exams may be obtained from the UF/IFAS Extension Bookstore by calling 1-800-226-1764 or on-line at http://www.ifasbooks.ufl.edu/merchant2/. The content of the Core exam is based upon the manual, Applying Pesticides Correctly. The content of the Private Applicator Agriculture exam is based upon this manual, Private Applicator Agricultural Pest Control.

12. Applicators must recertify every four years. To recertify, applicators may take the examinations again or attend training and obtain 4 continuing education units (CEUs) approved for the Private Applicator Agriculture category and 4 CEUs approved for the Core category. Core CEUs can’t be used to meet the required Private Applicator Agriculture CEUs. No substitutions of other types of CEUs are allowed. Opportunities to earn CEUs may be found at http://www.flaes.org/, then searching Available CEU Classes. 

13. Restricted use pesticides (RUP) are for retail sale to, and use by, only certified applicators or persons under their direct supervision and only for those purposes covered by the applicator's certification. When a pesticide is classified as restricted, the label will state "Restricted Use Pesticide" at the top of the front panel. Below this heading may be a statement describing the reason for the restricted classification.

14. There are various reasons which are determined by the U.S. Environmental Protection Agency why a particular pesticide is classified as restricted. These criteria involve the EPA’s determination that the pesticide may be hazardous to human health or to the environment even when used according to the label. A complete listing of all restricted use pesticides in Florida may be viewed at: http://edis.ifas.ufl.edu/PI073.

Unit II: Pests and Pest Control

15. In this section, we will discuss insects and insect-like pests, weeds, plant diseases, and vertebrates. We will also discuss the various control tactics that are available for each type of pest organism. This section gives some basic facts about agricultural pests, their life cycles, and how they commonly develop and spread.

16. After completing this section, you should be able to:

· Explain the importance of correctly identifying pests.

· Explain the importance of knowing the life cycles and habits of pests.

· List the factors involved in deciding whether control of a pest is necessary.

· Explain the three objectives of pest control -- prevention, suppression, and eradication.

· Define "persistent" and "nonpersistent" pesticides.

· Distinguish between contact and systemic pesticides.

17. After completing this section, you should also be able to:

· Name two physical characteristics that all insects have in common.

· List four types of insect mouthparts and give examples of insects that have each type.

· List other types of pests that resemble insects or cause similar types of damage.

· Identify the life cycle stage in which most insects are most vulnerable.

· Describe the two main ways that pesticides act to poison insects and similar pests.

18. After completing this section, you should also be able to:

· Define "plant disease.“

· List the three main types of pathogens that cause plant diseases.

· Describe some ways plants respond to diseases.

· Explain how symptoms and signs can help you diagnose a plant disease.

· Explain the difference between protectant and eradicant fungicides.

19. After completing this section, you should also be able to:

· Name and describe the four developmental stages of weeds.

· Distinguish between annual, biennial, and perennial weeds.

· Identify the common categories of land weeds.

· List several factors that affect a plant's susceptibility to herbicides.

· Define "selective" and "nonselective" herbicides.

· Select the correct combination of herbicide characteristics for a given weed control situation.

· Identify the uses of plant growth regulators, defoliants, and desiccants.

20. After completing this section, you should also be able to:

· Give two examples of vertebrate pests and the types of damage they cause.

· List some vertebrate control measures that may require approval from local or State authorities.

21. The first step is to correctly identify the pest. Never try to control any pest until you know what it is and whenever you use a pesticide for control, always follow its labeling directions carefully and completely.

22. Insects are the most diverse group of animals on the planet. There are more kinds of insects than all other living animals combined. Insects can be divided into 3 categories according to their importance to people: insects of ecological importance, beneficial insects, and destructive insects. About 99% of all insects fall into the ecological importance category. They are part of the food chain for other animals and some decompose animal wastes and dead plants into organic matter. Beneficial insects consist of predators and parasites, and pollinators, such as honeybees. Destructive insects usually come to mind first, but as a group, has the fewest species. They feed on, cause injury to, or transmit disease.

23. Adult insects have two characteristics in common. They have 3 pairs of jointed legs, and 3 body regions – the head, thorax, and abdomen.

24. Insects may be classified by the type of mouthparts they posses: chewing, piercing/sucking, rasping or siphoning mouthparts. Examples are shown in this slide.

25. Insects may be described by their life cycles. The changes through which an insect changes is called metamorphosis. Most insect pests of agricultural crops have either gradual or complete metamorphosis. Those with gradual metamorphosis, such as stinkbugs, crickets, grasshoppers and aphids, pass through 3 different stages of development: egg, nymph, and adult. The nymphs look like a small version of the adult form. The wings become fully developed only in the adult stage. Complete metamorphosis consists of 4 stages: egg, larva, pupa and adult. Larvae, or caterpillars, usually look completely different than the adults; this stage is when they are most susceptible to control measures. The pupa is the stage where the larva changes into an adult; pupae don’t feed.

26. Other pests, such as arachnids including mites, ticks, scorpions and spiders; nematodes and mollusks, such as slugs and snails, can be problematic on agricultural crops or cause annoyance to those who work in them. Some have similar life cycles to insects; all of them usually can be managed with the same techniques and materials to manage insects.

27. Insects and insect-like pests may also be classified according to the damage they cause. Leaf-eaters, such as fall armyworm, Colorado potato beetle and Mexican bean beetle are examples. Snails and slugs also are leaf-eaters. Internal feeders feed inside fruit, seed or other plant parts. Cotton bollworms, also known as tomato pinworm and corn earworm, rice weevils and boll weevils are internal feeders. Stalk and stem borers bore into stalks and stems. This harms the plant by weakening the stem and by preventing water and food movement within the plant. Examples are European corn borer and squash vine borers. Plant-sucking pests allow them to extract juices from plants. These usually cause stunting and curling of leaves and stems. As they feed, they may also spread plant disease organisms. Aphids are a common example of this type. Cutworms chew on plant stems near the soil surface and may cut the stem entirely off. They are often difficult to detect because they feed primarily at night. Underground feeders feed primarily on plant roots. White grubs, corn rootworms, wireworms and many species of fly maggots feed on roots.

28. Control of insects and similar pests may involve and of the 3 basic pest control objectives. Control is usually aimed at suppression; that is, reducing a pest’s numbers to a point where their level of damage is acceptable. Prevention and eradication are useful only in relatively small or confined areas or in programs designed to keep foreign pests from becoming established.

29. Control methods used for insects and related pests include host resistance, biological control, cultural control, mechanical control, sanitation, and chemical control.

30. Bt is an abbreviation for Bacillus thuringiensis. It is incorporated into the genes of many plants, and is a common example of host resistance. It is toxic to many different species of caterpillars. Often, insecticide applications are not necessary when Bt is used in plants.

31. Biological control includes using predators and parasites, pheromones, juvenile hormones and microbials. Many insect pests have natural predators and parasites that help keep their numbers in check. For some pests, they may be introduced into an area where they do not normally occur. Pheromones and juvenile hormones are seldom used. A microbial pesticide contains a disease-causing organism, such as Bt. It is one of the best known microbial insecticides and is usually applied as a spray.

32. Cultural control involves keeping the crop free of stress. Crop rotations work best against pests that have long life cycles and infest the crop during all stages of growth. Many crop rotations were designed specifically to reduce pest problems. Trap crops are highly attractive to pests and will draw them away from the main crop. By destroying trap crops, the reproductive cycle of the pest may be broken before the desired crop becomes damaged. Trap crops can be expensive because they occupy land and their cost of production. Harvest timing refers to removing the crop before pest damage causes serious quality and quantity reduction.

33. Mechanical control involves traps, light, and sanitation. In row crop settings, sanitation is the most practical one, because crop residues can be done easily which aid greatly in the long-term management of insects. It has been estimated that populations of pink bollworm were reduced by as much as 95% when cotton stalks were shredded immediately following harvest.

34. Chemical control refers to the use of pesticides. Pesticides either repel or poison them. Repellents keep pests away, while poisons disturb the life systems of the pest. Stomach poisons affect pests that eat them; contact poisons act on pests that have touched them.

35. Pesticides vary in the length of time they remain active after they are applied. Some kill the pests they contact at the time of application and then break down very soon thereafter. These are said to be Nonpersistent. Others, known as persistent pesticides, remain active for longer periods of time – weeks or months after they are applied. The residue left behind may continue to give protection.

36. A plant disease is any harmful condition that makes a plant different than normal in appearance or function. The biological agents that cause them are pathogens; many times pesticides are used to control them. Pathogens include fungi, bacteria, viruses, viroids, and mycoplasmas. Parasitic seed plants and nematodes are sometimes considered plant disease agents because of the type of injury they cause.

37. Three factors are required before a pathogenic disease can develop – a susceptible host plant, a pathogenic agent, and an environment which is favorable for the pathogen’s development. 

38. The three main ways a plant responds to a pathogen is overdevelopment of tissues, such as galls and swellings; underdevelopment of tissue, such as stunting and lack of green color; and tissue death, such as blights, wilting, cankers, and leaf spots.

39. Fungi are plants that lack chlorophyll. They get food by living on other organisms. Many are beneficial because they release nutrients from decaying organic matter into the soil. Some will cause plant disease; most reproduce by spores that function like seeds. Spores are often microscopic in size and are produced in tremendous numbers. Symptoms from plant pathogenic fungi include soft rots of fruit, plant stunting, smuts, rusts, leaf spots, wilting and curling of the leaves. 

40. Bacteria are microscopic, one-celled organisms. They can build up quickly under warm, humid conditions. Some may attack any part of the plant; many leaf spots and rots are caused by bacteria.

41. Viruses, viroids, and mycoplasmas cause similar plant disease symptoms – stunting of growth and yellowing of the foliage. Viruses are very tiny non-living particles made of complex biological compounds. They depend upon a living host for food and reproduction. Most commonly they are spread from plant to plant by mites, aphids, leafhoppers, whiteflies or other plant-feeding insects. Viroids are similar to viruses, but smaller and lack the outer protein layer that viruses have. Only a few plant diseases are known to be caused by viroids. Mycoplasmas are the smallest known independently-living organisms. They can reproduce and exist without the aid of another living organism. They are most commonly spread by leafhoppers.

42. The first step in disease management is to diagnose the disease correctly. To do this, we would look for symptoms – the host plant’s reaction to the disease agent, and signs – visible physical presence of the disease agent. Many symptoms shown by host plants, such as leaf spots, wilts, galls on roots or stunted growth may be caused by different agents, including some that are not pathogens. Often the only way to pinpoint the cause of the disease is by finding observable signs that a particular disease agent is present – such as fungal spores or bacterial ooze.

43. Controlling plant disease is primarily preventive. After a plant disease is established, few control methods, including pesticides, are effective. Planting disease-resistant varieties is one of the most effective, long-lasting, and economical ways to control plant disease. Crop rotation, a type of cultural control, reduces the buildup of pathogens but seldom provides complete disease control. Some pathogens can carry over in the same field for several years. Cultivation is a form of mechanical control that is used for controlling weeds. Since some weeds serve as alternate hosts to the same pathogens, removing them will reduce the infestation to the desired crop. 

44. Sanitation helps prevent and suppress some diseases. There are seven key sanitation techniques, all of which can pertain to controlling diseases of row crops, at least to some degree. Pathogen-free seed, propagation and storage, planting on clean sites by removing weeds and other alternate host plants, managing crop residue by deep plowing, fallowing and burning in some areas, if legal, and disinfecting equipment and tools so as not to move disease organisms into disease-free areas. All of these will help to reduce the incidence of plant disease.

45. Chemicals used to control plant disease pathogens include fungicides and bactericides. No chemical measures are available for controlling viral pathogens. Fungicides are classified as protectants, eradicants, or systemics. Protectants must be applied before or during the initial infection of the plant by the pathogen. Timing is critical with protectants and they should be applied when environmental conditions are expected to be ideal for the development of disease organisms. Eradicants are less common and are applied after infection has occurred. They act on contact by killing the pathogen or by preventing its growth or reproduction. Systemics are used to kill disease organisms on living plants. Systemic chemicals are transported by the plant’s sap from the application site to other plant parts. They act as both a protectant and an eradicant. Fungicides provide control for a limited time; once they are no longer effective, disease may start again. In some instances, frequent application may be necessary with some diseases on certain crops. Most of these materials will need to be applied so that they fully cover the foliage.

46. A weed is a plant that is growing where it is not wanted. Weeds reduce crop yields, increase production costs, and reduce crop quality. Some cause hay fever; others are poisonous if eaten or touched. Weeds harm agricultural row crops by: competing for water, nutrients, light, and space; contaminating the harvested product; harboring pest insects, mites, vertebrates, and disease agents; or releasing toxins that inhibit growth of desirable plants.

47. Weeds have 4 stages of development. Seedlings are the small emerging plants; the vegetative stage is one of rapid growth of shoots and roots; the seed production phase is when the weed directs its energy toward seed production; and, maturity is the final stage in which growth is complete.

48. Weeds and other plants have life cycles. Those which complete their growth during one year are annuals. There are two types of annuals – summer, which sprout in the spring and die before the end of summer. Crabgrass, pigweeds and cocklebur are examples. Winter annuals are those which emerge in the fall, grow, mature and die prior to summer. Examples of winter annuals include chickweed, shepherdspurse and wild mustard. Biennial weeds have a two year life cycle. During the first year, they grow vegetatively and produce a large root system and in the second year, they produce seed and die. Biennial examples include mullein, bull thistle and wild carrot. Perennials are those which normally live longer than two years. Some perennials will die-back during cold months, but will resume growth once temperatures warm again. They may reproduce by seed, bulbs, root cuttings, and vegetative structures such as rhizomes and stolons.

49. Weeds growing in agricultural row crops can be classified as being either grasses, sedges or broadleaves. Grasses have only one leaf as the emergence from the seed. Their leaves tend to be narrow, long, and have parallel veins. The stems are mostly round and solid; their root systems are fibrous

50. Sedges are similar in appearance to grasses, but they have triangular stems and their leaves are arranged in groups of threes. They are not true grasses and herbicides designed to control grasses do not control sedges. Sedges generally grow in wet places. Yellow and purple nutsedge are common examples of sedges, both perennials. 

51. Seedlings of broadleaves have two leaves at emergence. They tend to have broad leaves containing netlike veins; their root systems are coarse with a strong central taproot. The growing points of broadleaves are found at the end of the stem and leaf axils.

52. There are 4 main weed control strategies: biological, cultural, using sanitation and chemical control. Biological control of weeds in agricultural row crops generally has not been a practical alternative because the biological control agent must only affect the weed being controlled and not the crop, and the agent must have few natural enemies that interfere with its activities and survival.

53. There are several cultural practices used in agricultural row crop weed control. Tillage can be an effective means to control weeds; but disadvantages are disturbing the soil to bring deeply-buried weed seed to the soil surface and soil erosion. The time of planting may be altered so that control measures can be taken before the crop is planted. Mowing can prevent weeds from going to seed and will help prevent soil erosion because the entire soil cover is not removed. Reduced tillage systems don’t bring weed seed to the soil surface; however, crop debris can harbor insects and plant pathogens. Using clean seed, that is seed not contaminated with weed seed, is a good way to prevent new weeds from infesting a site.

54. Many weed problems are best controlled with herbicides. There are some physical factors that affect the activity of herbicides: location of growing point, leaf shape, thickness of the plant’s waxy cuticle, presence and amount of leaf hairs; but, the most important factor is the stage in the weed’s life cycle at the time of application. Seedlings are usually the most susceptible to herbicides; weeds that have set seed and reached maturity are usually the least susceptible to chemical control measures.

55. There are 8 basic terms that indicate ways herbicides act. Contact herbicides kill only the plant parts they touch, whereas translocated herbicides are absorbed by the plant and move throughout the plant in its sap. Selective herbicides kill certain types of plants without causing significant to other types. For example, selective grass herbicides provide control of grasses, but have minimal effects on broadleaves. Oppositely, nonselective herbicides kill all plants in the target site. Persistent herbicides take a long time to break down; they provide long-term control. Those that are Nonpersistent break down quickly and don’t last long, meaning their weed control activity is brief. Foliar herbicides work best when applied to the plant’s shoots. Soil-applied herbicides control weeds after they have been taken up by the plant’s emerging roots and shoots prior to their emergence.

56. A pre-harvest interval is the time that must elapse between the pesticide application and the harvest of the crop. This allows pesticide residues in or on the crop to break down so that the residues don’t exceed established tolerance levels for the particular crop. The pre-harvest interval will be indicated on the label. They aren’t the same as the reentry interval, which pertains to field workers and pesticide handlers under the Worker Protection Standard.

57. Several types of chemicals are classified as pesticides by Florida law. They alter plant processes in some way that helps the producer manipulate the crop’s growth. One group of these is called plant growth regulators; they speed up, stop, start, or in some way influence the growth. An example is to control the growth of cotton. A defoliant causes the plant to drop its leaves, but does not kill the plant. Desiccants speed up the drying process of plants. Both defoliants and desiccants are often called “harvest aid chemicals.” They are used in cotton, soybean, tomato and potato crops.

58. Vertebrate pests are animals with a jointed backbone. These include mammals, birds, reptiles, amphibians and fish. They consume planted seed and plants in the field and stored products, and their activities can cause physical damage to the crop.

59. In agricultural row crops, the strategy for their control is usually to suppress their populations. State and local laws prohibit certain activities; check with the appropriate state agency before attempting control measures.

60. Some control options, such as mechanical means exist, but are not always dependable or practical – these include trapping and the use of barriers and repellents. Chemical baits exist, but are generally highly toxic; therefore the placement of a bait to avoid injury to nontarget humans and other animals is a major concern.
Unit III: Fumigants

61. This particular section will discuss properties of soil fumigants and characteristics of those used in agricultural pest control, the pests that they control, and the factors affecting soil fumigation.

62. After you complete this section, you should be able to:

· Understand the advantages and disadvantages of fumigations.

· Name and describe the three fumigant formulations.

· Name the pests controlled by soil fumigation.

· Describe the soil characteristics that influence penetration and movement of fumigants.

· Describe the factors that influence fumigant placement.

· Know the importance of soil sealing in soil fumigation.

· Know the importance for adequate aeration and how it influences phytotoxicity.

63. Soil fumigation is a chemical control strategy used independently or in conjunction with cultural and physical control methods to reduce populations of soil organisms. Soil fumigants can effectively control soil-borne organisms, such as nematodes, fungi, bacteria, insects, and weeds. Different fumigants have varying effects on the control of these pests. Some are pest-specific, while some are broad spectrum biocides that kill most soil organisms. Soil fumigants are used in agricultural row crops, nurseries, ornamental beds, forest systems, high-value turfgrass sites such as golf courses, and areas where soil-borne pests can harm or devastate desirable plants. Because of treatment costs, applicators use soil fumigants primarily on high-value crops. Control of soil-borne pests will increase aesthetics, plant quality and vigor, crop yields, and ultimately profitability.

64. Soil fumigation is a chemical control strategy used independently or in conjunction with cultural and physical control methods to reduce populations of soil organisms. Soil fumigants can effectively control soil-borne organisms, such as nematodes, fungi, bacteria, insects, and weeds. Different fumigants have varying effects on the control of these pests. Some are pest-specific, while some are broad spectrum biocides that kill most soil organisms. Soil fumigants are used in agricultural row crops, nurseries, ornamental beds, forest systems, high-value turfgrass sites such as golf courses, and areas where soil-borne pests can harm or devastate desirable plants. Because of treatment costs, applicators use soil fumigants primarily on high-value crops. Control of soil-borne pests will increase aesthetics, plant quality and vigor, crop yields, and ultimately profitability.

65. Soil fumigation uses pesticide formulations that volatilize from a liquid or solid into a gas state. Soil fumigants are applied to the soil as liquefied gases, volatile liquids, or granules. Due to the high volatility of these compounds, the fumigant must be incorporated into the soil during or immediately following application. At or shortly after application, these chemicals volatilize, allowing toxic molecules to move through the air pores in the soil. Some molecules dissolve in the water film surrounding the soil particles. Soil pests are killed when they come in contact with a toxic concentration for a long enough exposure period. Greater detail will be presented throughout this section.

66. Depending on the specific situation and fumigant, fumigants are effective against insects, mites, plant disease organisms, nematodes, weeds, and most living organisms.

Most fumigants are fast acting. They are the quickest way of controlling many pests. In some cases, they can provide total eradication. Human exposure is limited. This is based upon evacuation of areas during treatment and allowing proper time for aeration to occur.

Most fumigants, when used properly, do not leave residues on surfaces. There are several methods to apply fumigants, depending upon the product. They penetrate and treat pore spaces in the soil that can’t otherwise be reached. Fumigants can be used with food crop commodities without leaving residues.

67. They are highly toxic to most living things, including humans. Breathing small amounts of some fumigants can be fatal; some cause severe burning and blistering of the skin. They may require special protective equipment, such as a self-contained breathing apparatus (SCBA) and gas detectors. They require highly trained applicators. They offer no residual control. Once an area is aerated, traces of fumigant do not remain to help control future pests. They must be confined to the area to be effective. Some may injure seeds reducing germination, and they may cause injury to transplants. Proper aeration directions on labels should be followed carefully. Because they are fast acting, response to problems and emergencies must be quick. Spills, leaks, and equipment failures usually call for immediate action. Some are expensive. Some are corrosive. Some are flammable and explosive.

68. Liquefied gases are gaseous under normal temperatures and pressures. The gas is liquid when held in a pressurized container. When released from a container, the liquid immediately converts to gas. Volatile liquids are liquid under normal temperatures but volatilize into a gas when in the soil. Solids are granules, pellets, or tablets under normal temperatures but volatilize into a gas when in the soil.

69. Fumigants diffuse in the soil. They ultimately dissipate into the atmosphere or decompose in the soil through chemical reactions or by action of soil microorganisms until their concentration is negligible. To avoid toxic effects to subsequently planted crops or plants, a sufficient time interval must elapse for adequate diffusion and decomposition of the fumigant. This preplant interval will vary with the fumigant, its rate of application, and environmental conditions. Most soil fumigants are registered for use only on a preplant basis due to phytotoxicity concerns. Fumigation only controls those target pests present in the soil at the time of fumigation. Once applied, fumigants have no residual activity and will not control subsequent pest infestations.

70. Soil pests, such as plant-parasitic nematodes, fungi, insects, bacteria, weeds, and weed seeds, can be controlled effectively by proper soil fumigation. The label of each fumigant will state the pests it will control. Proper identification of a pest is crucial to the success of the fumigation process. Understanding the life cycles and habits of different pests help determine the proper application timing to target the susceptible stage of the pest. Also, proper application depth can be determined to ensure adequate contact with the pest. There are times, especially in the case of nematodes, when a soil analysis is necessary for proper identification of the pest. The diagnosis of nematode injury based only on the nonspecific foliar symptoms is usually quite difficult, if not impossible. The affected host must be carefully examined to eliminate other possible causes of decline. An accurate diagnosis of a nematode problem, however, can only be made in a diagnostic laboratory on the basis of a soil analysis. For assistance in taking soil samples for analysis, contact your local University of Florida Cooperative Extension Office.

71. The success of soil fumigation depends on how long a target pest is exposed to a lethal concentration of fumigant. The distribution of fumigant between the air and moisture in soil is critical to this process. When a fumigant is injected into soil, it diffuses toward the soil surface through pore spaces between soil particles. The ability of fumigants to spread rapidly through soil increases with the air content of soil. However, as it moves, the fumigant dissolves into the film of water that surrounds the soil particles. It is in this water that nematodes and plant pathogens live. Consequently, soil fumigants actually do most of their work within the films of water that surround the soil particles. When the fumigant reaches the soil surface, it escapes into the air and is degraded by ultraviolet light. Any fumigant remaining in the soil breaks down into nontoxic substances.
Many factors influence the distribution of fumigant between the air and water within treated soil. In this next section, we’ll discuss these in some detail.

72. Fumigants control soil pests in different ways. Soil insects are controlled primarily by exposures to toxic levels of fumigant in the pore spaces between soil particles. Plant pathogens, nematodes, and weeds, on the other hand, are killed by absorbing fumigant that is dissolved in the water that surrounds soil particles. The biological characteristics of pest organisms can influence the effectiveness of fumigation. Characteristics, including, the insect’s stage of growth, the activity level of the insect, the location of the pest within the soil, the pest’s sorptive capacity, and special features of the pest, all play a role.

73. Pupae and eggs are the hardest to kill because they are not active. Adults and young larvae are most susceptible. Active adults and larvae are easier to kill than are inactive or hibernating adults and larvae. This is because active insects have a higher metabolism, allowing them to process the pesticide faster. Soil pests in more exposed areas, such as areas close to where the fumigant is injected, are more vulnerable to soil fumigants. Greater sorptive levels of a fumigant to a pest will equate to better control. Fumigants may not control hard-seeded weeds because their seeds have a coat that limits the uptake of fumigants. Although not economically important in Florida, the protective cyst surrounding the eggs of the adult female stage of soybean cyst nematode serves as a barrier.

74. Soil temperature correlates directly with fumigant volatility and movement. Soil temperature determines the fumigant state, solid, liquid or gas. As temperatures increase, fumigant volatility and diffusion increase. Generally, soil temperatures of 40° to 80° F at the depth of fumigant injection are best for volatilization. Temperatures below the label minimum reduce volatilization and penetration, and the fumigant persists longer in the soil profile. Temperature above the label maximum increase fumigant volatilization and soil penetration to the point where it breaks down or is lost from the soil before it reaches a level that is toxic to the target pest(s). 

75. Soil moisture affects the diffusion of the fumigant. Soils that are too wet or too dry change the distribution of the fumigant. This can reduce the effectiveness of a treatment. Most fumigations are conducted when the soil reaches 50 to 75% field capacity of moisture. Field capacity is the level of soil moisture at which soil water has moved out of the soil pore spaces and been replaced by air. The moisture content of the soil can be tested by squeezing a small sample in the hand. Soil with the right moisture content should barely retain its shape.

76. When soils are too dry, little fumigant can dissolve into soil water. Fumigant spread is rapid because fumigants diffuse through soil pore spaces 10,000 to 30,000 times faster than they do through soil water. This stresses the importance of proper sealing of the soil surface so that the fumigant does not escape too rapidly. Once escaped, there is little left to dissolve in the soil water, meaning that few target pests are actually exposed to the fumigant. Those that are exposed may not contact enough fumigant for the treatment to be effective. 

77. When soils are too wet, fumigant dissolves into soil water too soon. This prevents it from spreading throughout the soil to be treated, thereby reducing the actual volume of soil the fumigant can contact. Consequently, some areas of the soil may contain too much fumigant, while others may not receive any. In addition, soil fumigants remain in soil water longer than they do in soil pore spaces. Crop injury from fumigants can occur when fumigants persist beyond the normal waiting period in soils that have high moisture levels when treated.

78. Soil texture influences fumigant movement and availability due to its effects on the amount of soil pore space and the number of adsorption (binding) sites. Fine-textured soils, such as clay, have many adsorption sites per unit area and many pore spaces. Coarse-textured soils, such as those containing large amounts of sand have relatively few binding sites and few pore spaces. For these reasons, soils high in clay content require more fumigant to attain a lethal dose. Generally, coarser-textured soils require less fumigant than fine-textured soils. In these coarser-textured soils, fumigants travel faster and more evenly than in finer soils, but also escape relatively quickly.

79. Soil condition is a major factor in fumigant penetration and diffusion. Fumigants do not move uniformly through the soil. Compacted soil limits the amount of diffusion and penetration. Cultivation of soil prior to fumigation is essential. Tillage breaks up clumps and undecomposed organic matter. By pulverizing the soil surface, post application soil sealing will be improved. Sealing prevents fumigant vapor from escaping too quickly. Improper soil preparation is the major reason for fumigation failures.

80. Organic matter consists of plant and animal materials at various stages of decomposition. Soils with high levels of organic matter require higher rates of soil fumigants. This is because organic matter absorbs fumigants, reducing the total amount of material that remains to control soil pests. These effects increase when soil temperatures are too high or too low or when soils are wet or too dry. Excess organic matter, such as plant debris, can also clog fumigation injection equipment and puncture plastic film used to seal the surface of soil. Ideally, plant debris should be plowed under several weeks prior to fumigation as it will promote the decomposition process.

81. The objective is to treat as much of the desirable crop’s root zone as possible. Most fumigants will need to be injected at least 6 to 8 inches below the surface of the soil – measured before it is treated. Some fumigant labels will specify deeper application, particularly as in row crops where beds are built. Injection of the fumigant at the wrong depth can cause a variety of problems. If too shallow, the fumigant may miss target pests below the level of application. Shallow injection can also result in excessive loss of fumigant from the soil surface. Applications that are too deep may prevent the product from diffusing into the top inch or two of soil, where many target pests, particularly weed seeds, live. Overly deep injections can also enter the subsoil. If fumigants are injected below the plow layer and subsoil is compacted or too wet, then the subsoil can act as a barrier or sponge. This limits the diffusion of the fumigant upward through the soil. The ideal injection knife is set between 8 and 12 inches, although deeper placement may be called for in some instances such as tree planting sites or nurseries for deep-rooted species.

82. Dosage depends on several factors. Different soil types require varying rates, given the amount of pore space and adsorption characteristics. Some pests, such as wireworms, endoparasitic and cyst nematodes, require higher doseages than other pests. Rates also vary depending on what plants or crops will be planted. Perennial plants, trees, and vines require more fumigant than annual plants for which less control, and short-term effects are acceptable. Follow label directions, as performance data indicate label rates are effective. Applications above label rates are illegal and may damage the crop. Applications below label rates may not provide adequate pest control.

83. It is important to establish a temporary soil seal during or immediately after soil fumigation. Sealing prevents fumigant from escaping prematurely from the top several inches of soil. Without sealing, fumigants can also escape from chisel traces. Chisel traces are the depressions left in the soil by fumigant injectors. As the injectors travel across the soil, soil falls together behind them. The soil in these traces is often loose, leaving large airspaces between the soil particles. If soils are not sealed, a chimney effect may result where too much fumigant diffuses up through the chisel trace toward the soil surface. Essentially, the fumigant follows the path of least resistance created by the larger airspaces. There are several ways to seal soil. These include cultipacking, rolling, dragging, tarping, and light irrigation. Cultipackers, rollers, and drags seal the soil surface by moving more soil into chisel traces and by compacting the soil surface. A common practice is to use polyethylene or plastic-coated nylon tarp over the treated soil. Irrigation seals are effective with a light and frequent watering to keep the top 2 to 5 inches of soil wet. Fumigants should not be sealed by flood irrigation as it establishes a water barrier near the soil surface that restricts diffusion of the fumigant into the top several inches of soil.

84. After treatment, fumigated soil should be left undisturbed for the time period specified by the product’s label directions. The exposure period needed will depend on:

· The type and rate of fumigant.
· The crop to be planted.
· The target pest(s). Environmental conditions, particularly soil temperature and moisture.

Waiting periods of two to three weeks are common, but depend largely on soil temperature and moisture. Soil fumigants require longer waiting periods under cold, wet conditions. Planting or seeding a crop too soon after soil fumigation can result in severe, irreversible damage to the crop or plants that are targeted for protection from pests. Injury after soil fumigation tends to be less common for seeded crops than transplanted crops.
85. It may be necessary to disturb the soil carefully to encourage fumes to escape before transplanting or seeding. The process of forming beds, where they are used, usually opens the soil sufficiently for aeration following overall fumigation, but a shallow disk or harrow may be used if the soil will not be disturbed otherwise. A wait of one or two days after aeration is usually enough to clear fumigant vapors from the soil. Soils that smell of fumigant vapors should not be planted.

86. A seed germination or transplant test may be performed to make the sure the soil is safe for planting. The seed germination test is conducted by:

1. Use a small trowel or similar tool to collect several 2- to 4-ounce samples of treated and untreated soil. Sample any low, wet areas within the treated area.

2. Place each sample in an airtight jar. Moisten the surface of each sample and then sprinkle lettuce seed or cress seed on the soil. Close the lid tightly so that the jar is gastight.

3. Keep the samples in indirect sunlight at room temperature. Check the seed for germination after 1 to 3 days. If germination is similar between the samples of fumigated soil and untreated soil, the treated soil is safe for planting.

87. The transplant test is conducted by:

1. Transplant 5 to 10 seedlings, such as tomato, pansy, or tobacco, into a fumigated area - particularly any heavy, wet areas and into similar untreated soil nearby.

2. After several days, check the transplanted seedlings. Look for signs of wilting or damage to the roots. If there are no noticeable differences between the plants in the fumigated area and those in the untreated soil, the fumigated soil is safe for planting.

3. To increase the sensitivity of this test, cover the plants with a 5-gallon bucket. Wait 24 hours; then, uncover the plants. If they are dead, wait to seed or plant; the fumigant is still dissipating.

88. Fumigation may temporarily raise the level of ammonium nitrogen and soluble salts in the soil. This is most likely to occur when heavy rates of fertilizer and fumigant are applied to soils that are either cold, wet, acidic, or high in organic matter. To avoid crop injury, fertilize as indicated by soil tests made after fumigation. To avoid ammonia injury or nitrate starvation (or both) to crops grown on high organic soils, do not use fertilizers containing ammonium salts. Use only fertilizers containing nitrates until after the crop is well established and the soil temperature is above 65°F.
Unit IV: The Worker Protection Standard

89. In this section, we will discuss the Worker Protection Standard (WPS).

90. The learning objectives of this section are to the basic elements of the WPS including:

· Pesticide safety training.

· Information at a central location.

· Decontamination supplies.

· Employer information exchange.

· Emergency assistance.

· Notice about applications.

· Restrictions during and after applications.

· Monitoring handlers.

91. The WPS is a set of regulations issued by the EPA. They were designed to protect agricultural workers and pesticide handlers from exposure to pesticides used in the production of agricultural plants on farms, forests, nurseries and greenhouses.

92. The WPS is very site- and task-specific. One group of employees that it addresses are agricultural workers – those who do tasks such as harvesting, weeding or watering in the production of agricultural plants on farms, forests, nurseries and greenhouses.

93. A separate group of employees that it addresses are pesticide handlers – those who do tasks such as mixing, loading, transferring or applying pesticides to agricultural plants on farms, forests, nurseries and greenhouses. In other words, those who do any job that requires them to come into direct contact with pesticides.

94. It’s important to remember that those affected by the WPS can also include other employees, such as those who are managers of farms, forests, nurseries and greenhouses as well as commercial applicators and crop advisors who provide services for the production of agricultural plants on these sites.

95. The WPS requires specific protections be provided to protect agricultural workers and pesticide handlers from pesticide exposure. Some protections are nearly the same for both categories; others are more specific for workers and others are more specific for handlers. The agricultural employer is responsible for providing these protections.

96. If a pesticide has been recently used, or if an REI has been in effect within the last 30 days on the establishment, the employer must display certain information whenever pesticide handlers or workers are on the agricultural establishment. The display must be located in a place where the workers and handlers can have access to it.

97. An approved safety poster must be on display at the central location. It should show how workers and handlers how to keep pesticides from getting on or entering the body, and how to clean up if they come in contact with the pesticide. The name, address and telephone number of the nearest medical facility should be listed and kept up-to-date. This is an example of the EPA-approved safety poster, which is available from several commercial vendors.

98. Information about each pesticide application on the establishment must also be displayed at the central location. This should include the description of each treated area, the product name, the EPA registration number, the active ingredient for each pesticide, the time and date of application and the REI for the pesticide.

99. Agricultural employers must provide pesticide safety training for pesticide handlers and agricultural workers, unless the worker or handler is a certified applicator. Workers must receive training within 5 days of beginning work on the establishment. Handlers must be trained before being assigned handler tasks.

100. Certified applicators and persons who attended state-approved WPS train-the-trainer programs may provide the training. Training must be done using approved training materials and done in a manner understood by the worker or handler, using a translator if necessary. The Florida Department of Agriculture and Consumer Services (FDACS) require persons training workers to provide a Pesticide Safety Sheet at the time of training. The sheets are available from FDACS.

101. Employers must provide emergency assistance for handlers and workers involved in a pesticide accident or exposure that occurred on the agricultural establishment. The assistance includes providing transportation to the nearest medical facility and providing specific information about the pesticide product and the circumstances involved.

102. Employers must provide decontamination areas for workers and handlers within a quarter mile of where they are working. The decontamination site for workers must be available for 30 days after the expiration of REIs for pesticides applied to fields or sites where they are working. Sites for handlers must be available while they are doing handling tasks. The site for workers must contain water for routine washing and eye flushing, soap, and single-use towels. The amount of water that is recommended for workers is 1 gallon per worker; more may be provided if needed. Handlers must have those same items at their disposal, but also water for whole body washing, clean coveralls, and at least one pint of water immediately available for flushing eyes. The amount of water recommended for having on hand for handler whole body washing is 3 gallons per handler; more if needed.

103. Let’s discuss what is required of employers regarding workers only. The employer must make sure that agricultural workers employed by the establishment are kept out of treated areas during the REI. An exception is the worker may enter the treated area during an REI if there will be no contact with treated plants or soil. The employer must also keep everyone, except trained and equipped handlers, out of areas being treated with pesticides.

104. Another requirement of employers regarding agricultural workers is that they must orally inform all workers who will be within a quarter-mile of any field or area on the establishment that is either being treated with a pesticide or has an REI in effect. For certain pesticides, an employer must both post the treated field or areas with a WPS specified posting sign, and provide oral notification to the workers employed by the establishment. For most pesticides, an oral warning is all that is required. 

105. To check if a product requires both oral and posting notification, look in the Agricultural Use Requirements box on the label. With most labels, it will be on the first or second page. An example of a pesticide that requires dual notification is shown here. Some, such as this example have special warning criteria, such as dual notification is applicable only for use on grapes. 

106. The WPS posting signs that are approved by the EPA are shown here. They should be put in place within 24 hours of the application and must be removed within 3 days of an REI that is no longer in effect. The signs are not permitted to be left in place as permanent fixtures. The posting sign on the right is to be used around sites that have been treated with a fumigant. 

107. Here’s one more major point regarding workers before we move on to discuss handler protections. Take a moment to study the Agricultural Use Requirements from a label of a commonly-used agricultural fungicide in Florida. 

108. For employers to understand, there are requirements regarding pesticide handlers only who will be on their establishments. The employer is required to provide all of the personal protective equipment (PPE) listed on the label and have them follow certain safety practices, including: all PPE must be clean and in operating condition and repaired or replaced when needed.

109. If the use of a respirator is required by the label, it must fit correctly and the cartridges replaced as recommended on the label.

110. Handlers must be told about symptoms of heat illness that can occur while wearing PPE, and they must be provided a pesticide-free area to store personal clothing not in use, and to put on and take off PPE before and after use; the employer must not allow contaminated PPE to be worn or taken home.

111. The employer must inform people who clean or launder PPE that it may be contaminated with pesticides and explain ways to protect themselves while cleaning; if PPE will be reused, the employer is responsible to have it clean and dry before each day of reuse. 

112. Coveralls contaminated with undiluted pesticide that bears a DANGER or WARNING signal word on its labeling must be discarded and not cleaned and re-used.

113. The employer must make sure that before handlers do any handling task pesticide handlers are given information from the pesticide labeling and have access to the labeling itself.

114. The employer must make sure that each pesticide handler is instructed in the safe operation of handling equipment and that all handling equipment is inspected and in good operating condition before each use.

115. If an employer hires commercial applicators or crop consultants, they must provide: the specific location and description of all areas on the establishment being treated with a pesticide by the employer that are within a quarter-mile of where the commercial applicator or consultant will be working; the specific location and description of all areas currently under an REI that are within a quarter-mile of where the commercial applicator or consultant will be working; and, any restrictions for entering areas where pesticides are either being applied or are under an REI.

116. Likewise, a commercial applicator must provide an employer with the following information before applying pesticides on the establishment: the location and description of the area to be treated; the time and date of application; the product’s name, EPA registration number, active ingredient(s), REI, if posted field signs are required; and any other specific information required by the product’s label regarding protection of workers during or after application.

117. Owners of agricultural establishments and members of their immediate families are exempt from many WPS provisions; however, they must comply with these sections: employer information exchange; restrictions during applications; restrictions during handling tasks, and restrictions during REIs.

118. The latest revisions to the original WPS are presented in University of Florida/IFAS EDIS Document PI-25 and may be downloaded from the website shown here.

119. The entire WPS is presented in full detail in the How to Comply manual. It was revised during fall, 2005, and supersedes the older version. The manual is available from several commercial vendors or may be downloaded from the website shown here.
Unit V: Application Equipment

120. This section will discuss application equipment – sprayers and their parts and care, granular applicators and their care and will briefly provide an overview of chemigation. 

121. The learning objectives of this section are to be able to:

· Recall the main advantages and disadvantages associated with various types of pesticide application equipment.

· List five types of sprayer pumps and indicate their main features and suitabilities.

· Give at least two benefits that are likely if you follow the “extra 20 percent rule” when you buy a new pump.

· Explain the purpose of strainers in a sprayer system.

· Identify desirable features of tanks, hoses, pressure gauges and regulators, and valves.

122. You should also be able to:

· Name two types of agitation used in sprayers and identify the formulations best suited to each type.

· Name the four principal parts of a nozzle and describe the main function of each part.

· List the five principal factors that determine any nozzle’s performance.

· Name the three basic nozzle patterns and give an example of a specific nozzle tip for each pattern.

123. You should also be able to:

· Determine the suitability of a particular nozzle spray pattern for use in a given type of application.

· Describe the proper way to clear a clogged nozzle tip.

· Recall five materials that nozzle tips are made of and describe the wear characteristics of each.

· State the basic sequence of steps involved in conducting a clean-water sprayer test before mixing and loading.

124. You should also be able to:

· Describe the kinds of equipment used to apply granules.

· State the procedural steps for preparing a sprayer for storage.

· Explain how the procedure for cleaning a sprayer used to apply an organo-auxin herbicide (such as 2,4-D) differs from the cleaning procedure for other sprayers.

· Identify which system component principally determines actual pesticide application rate when chemigation is used.

125. Sprayers are the most common kind of pesticide application equipment. They range greatly in size and complexity. Most common in agricultural row crop pest control are the large power-driven low pressure sprayers. They are designed to apply dilute sprays to large areas. Some are mounted on trailers; others are fitted to tractors or trucks. They deliver a low to moderate volume of spray – usually 10 to 60 gallons per acre at pressures ranging from 10 to 80 psi.

126. Advantages of these sprayers are the tank size allows for large areas to be treated per fill and they are versatile; their boom widths ranging from 10 to 60 feet long. However, one limitation is that the relative low pressure they use may limit spray penetration and reach, especially where adequate coverage is necessary in dense foliage. These low‑pressure sprayers have their nozzles mounted along a horizontal spray boom.  The spray boom may be 10 to 60 feet long. The height of the boom can be adjusted to the needs of the job. By changing the nozzle arrangement along the boom, one can set up a boom sprayer for either broadcast, band or directed spraying. 

127. These sprayers use a combination of air and liquid to deliver the pesticide. Nozzles operating under low pressure deliver coarse droplets into a high speed fan, and the airstream shatters the droplets into fine droplets, driving them to the target. The spray is directed to one or both sides as the sprayer travels. Some airblast sprayers are trailer-mounted; others are tractor-mounted or self-propelled. Some general characteristics of these sprayers include: tank capacity is usually large, between 500 and 2,000 gallons; the spray mixture is usually mechanically agitated; they can apply either high or low volumes of spray; the effective swath width may be 90 feet wide; and some models can provide full coverage to trees that are 70 feet tall.

Advantages:

· good coverage and penetration,
· high capacity,
· can spray high or low volumes, and
· has low pump pressures.

Limitations:

· drift hazards,
· not suitable for windy conditions,
· not suited for use in small areas, and
· expensive.

128. Hand-held spray guns have the capacity to deliver large volumes of liquid sprays at very high pressures. 
Advantages:

· deliver sprays to hard-to-reach places, such as trees, 
· can apply at high pressures, and
· high capacity.

Limitation:

· not suited for treating large areas.

129. Sprayer tanks should be large enough for easy filling and cleaning. The fill opening should have a strainer (at least 10 mesh) and the inside of the tank should allow mechanical or hydraulic agitation devices to be installed. The tank itself should be made of a corrosion-resistant material – for example, stainless steel or fiberglass. The drain plug should also be large, and sumped. If dual tanks are of choice, both tanks should be adequately agitated and the plumbing should allow adequate withdrawal rates. Some tanks have a sight tube or gauge; these should be protected. A shutoff valve that allows isolation of any spray mix in the tank from the rest of the sprayer’s plumbing is a useful safety measure, as the tank can serve as a storage for spray mix while other parts of the sprayer are being serviced.

130. Roller pumps are the most widely used of all sprayer pumps. They provide moderate volumes at low to moderate pressure and are self-priming. Because they have internal parts made of nylon, Teflon, or rubber, wettable powder formulations wear them rapidly. They do work well with other formulations that are non-abrasive. Gear pumps are generally used on sprayers that have low operating pressures. Like roller pumps, they also wear rapidly with wettable powders. Centrifugal pumps are adaptable to a wide variety of spray applications. Generally, they deliver high volume at low pressure. They are well-suited for spraying abrasive materials, such as wettable powders, because the impeller does not contact the pump housing. Piston pumps deliver low to medium volumes at low to high pressures. These pumps are used in high-pressure sprayers; or, whenever both low and high pressures are needed. Their piston cups are replaceable therefore they can handle wettable powders. Its cylinders are either cast iron, stainless steel, or porcelain-lined. Diaphragm pumps deliver low volumes at low to moderate pressures. They withstand abrasion from wettable powders better than roller, gear, or piston pumps; however, the rubber or neoprene diaphragm may be damaged by some solvents.

131. Regardless of pump type, the pump must have enough capacity to both operate the hydraulic agitation system and supply the needed volume to the nozzles. A rule-of-thumb is that the pump’s capacity is at least 20% greater than the largest volume required by the nozzles – the extra 20% will allow for agitation, desired nozzle output, and loss of pump capacity due to normal wear. Pump parts should resist corrosion, and be abrasion-resistant if abrasive materials, such as wettable powders, will be used. Consult the dealer for available options. Never operate a pump at speeds or pressures above those recommended by the manufacturer.

132. There are three types of strainers most commonly used on agricultural sprayers: tank-filler strainers, line strainers, and nozzle strainers. Strainer numbers, such as 20-mesh indicate the number of openings per linear inch of screen. Thus, strainers with low numbers only filter out large particles; strainers with high numbers will filter out small particles. Filtering on a sprayer should be progressive – the largest mesh screens should be in the filler opening and in the suction line between the tank and pump. A finer mesh strainer is in the pressure line between the pump and pressure regulator; and finally, the finest mesh strainer goes in the nozzle body. Strainers are the best defense against nozzle plugging and pump wear.

133. For hose selection, neoprene, rubber, or plastic hoses that: have a burst strength that is greater than the pump’s peak operating pressure, resist collapse, have a working pressure that is at least equal to the sprayer’s maximum operating pressure, resist oil and solvents present in pesticide formulation, are weather resistant. Both sunlight and weather destroy hoses. When not in use, store the sprayer in the shade and out of the weather.

134. The control or cutoff valve should be between the pressure regulator and the nozzles. It should not restrict flow when opened, should be rated for the pump pressure used, and it should be within easy reach of the operator. For tractors or self-propelled sprayers with enclosed cabs, remote-controlled valves have the advantage of keeping all hoses that carry pesticides outside of the cab. 

135. The pressure regulator controls the spray pressure; it also protects pump seals and sprayer hoses from damage caused by excessive pressure. There are generally 3 types of pressure regulators: throttling valves, spring-load bypass valves, and unloader valves. Throttling valves work be restricting pump output. They’re used with centrifugal pumps, whose output is very sensitive to the amount of restriction in the output line. Bypass valves diverts liquid back into the tank. Pressure is kept constant by opening when line pressure becomes excessive. This type of regulator is a good pump protection measure when the pump is running but the nozzles have been shut down. Spring-loaded bypass valves are used with roller, diaphragm, gear, and small piston pumps. Unloader valves work similarly to a spring-loaded bypass valve, the main difference is that they are also generally working when the nozzles are open and the sprayer is operating. They also divert liquid back into the tank. Whether or not the nozzles are shut down, an unloader valve reduces strain on the pump by continually moving some of the pump output back into the tank at low pressure. Unloader valves are usually found on high pressure sprayers equipped with large piston or diaphragm pumps.

136. Pressure gauges monitor the line pressure during sprayer operation. Gauges must be accurate and have the range needed for the work that is intended. If the gauge sticks or will not zero, replace it.

137. Agitation keeps the spray material uniformly mixed. If there is too little agitation, the pesticide will be applied unevenly. If there is too much agitation, some pesticides foam and interfere with pump and nozzle operation. Bypass agitators use liquid returning to the tank from the pressure relief valve to agitate the spray mix. 

138. Hydraulic, or jet, agitators use high-pressure output from the pump. Hydraulic agitation is preferred with wettable powders of flowable formulations in large tanks. In general, tank capacity determines the number of jets needed: 55 gallons = 1 or more jets; 100 to 150 gallons = 3 or more jets; 200 gallons and larger = 5 or more jets. Mechanical agitators consist of one or more propellers mounted on a rotating shaft running lengthwise along the bottom of the tank. The rotation of the shaft stirs the spray mix. These are usually found on high pressure sprayers that have large capacity tanks. Mechanical agitation is the best way to keep wettable powders in suspension. Hydraulic agitation is preferred with wettable powders of flowable formulations in large tanks. In general, tank capacity determines the number of jets needed: 55 gallons = 1 or more jets; 100 to 150 gallons = 3 or more jets; 200 gallons and larger = 5 or more jets. Mechanical agitators consist of one or more propellers mounted on a rotating shaft running lengthwise along the bottom of the tank. The rotation of the shaft stirs the spray mix. These are usually found on high pressure sprayers that have large capacity tanks. Mechanical agitation is the best way to keep wettable powders in suspension.

139. Most nozzles have 4 main parts: a body, cap, strainer or screen, and a tip. Some may have a diaphragm. The nozzle body holds the strainer and tip in proper position. Several types of tips that produce different spray patterns can fit on a single nozzle body. The cap keeps the strainer and the tip tightly on the body. The cap should not be tightened too much. The nozzle strainer keeps out debris that may stop up the nozzle opening. The type of strainer needed depends on the size of the nozzle opening and the pesticide to be sprayed. If you are spraying a wettable powder suspension, choose a coarse screen size, such as 50 mesh. For liquid formulations, a finer screen, such as 100 mesh could be used. A diaphragm may be attached to some nozzle bodies to help prevent pesticides from dripping from the nozzle. Special nozzle screens have check valves that serve the same purpose. Check valves or diaphragms should be used for small target areas. They should also be used near environmentally sensitive areas where a sprayer must be turned on and off frequently.

140. There are three basic nozzle patterns: jet, fan, and cone. Jet pattern nozzles produce a solid stream of spray. They are often used in small hand-held sprayers when the distance to the target is great. Fan pattern nozzles produce a fan spray pattern and are generally used when uniform coverage of regular surface is desired. There are 4 kinds of fan pattern tips: regular flat fan, even flat fan, flooding fan, and cluster tips. The cone nozzle tip is especially useful when thorough spray coverage of plant foliage is desired, such as applying agricultural fungicides and insecticides. 

141. Nozzle tips break the liquid into different sizes of droplets. Tips also disperse the spray in patterns and control the rate of application. Nozzle tips are made out of: brass, plastic or polymer, aluminum, stainless steel, and ceramic. Ceramic and hard stainless steel tips cost more but they do not wear out as quickly. They will also last longer when used with abrasive formulations such as wettable powders. As a result, these tips may be less expensive in the long run.

142. Regular equipment maintenance is a must for pesticide applicators.  There are two good reasons for this:

•
Pesticide misapplication is very likely if a treatment is made with faulty equipment.

•
In Florida, it's against the law for a pesticide applicator to "...operate faulty or unsafe equipment."

Put simply, your sprayer will only work as well as you keep it.  The best thing to do is check every part of your sprayer on a regular basis -- and train your employees to do likewise. Read and follow the directions in the equipment service manual.  Service manuals provide the details specific to a particular piece of equipment.  Especially note the specifications for tire inflation pressures, location of grease fittings, types of lubricant needed, and lubrication schedules.

143. For routine maintenance, such as cleaning or unclogging nozzle tips, use a fiber-bristled brush. Tips should never be unclogged by blowing the debris out by mouth or driving sharp objects, such as nails, through them.

144. If there are no maintenance directions in the equipment service manual and the equipment has not been used to apply an ograno-auxin herbicide, such as 2,4-D, triclopyr or dicamba, do the following: use up any remaining spray mix at a target site listed on the label; put on the PPE specified by the label of the last product that was applied; close the tank shutoff valve and use a hand-held hose and flush the internal walls of the empty tank with clean water and continue until the water level is at least at the halfway mark and run the agitator for several minutes; apply the tank rinse water as a spray to the target site listed on the pesticide label of the last product applied; return to the mix/load site and leave the shutoff valve open and partially refill the tank with clean water. 

145. Add 1 to 5 gallons of new lightweight oil to the tank water and run the agitator for several minutes; select a non-cropland site, such as a field margin or field road, and operate the sprayer in normal fashion; remove the tank drain plug; drain the pump and plug its openings; or, fill the pump with clean lightweight oil; remove all in-line strainers, nozzle tips and store these in clean kerosene or diesel.

146. If an organo-auxin herbicide was applied with the sprayer, the product’s label will have special instructions regarding cleaning the equipment. These generally will have directions regarding the use of household ammonia or a water-detergent solution. Be sure to follow these directions, especially if the sprayer will be used to apply pesticides to sensitive crops.

147. Granule applicators are designed to apply pesticide products formulated for use as granular materials. They are used extensively in agriculture with the more common types using: forced air, such as blowers; whirl-plate impellers, such as broadcast spreaders; augered gravity-feed outlets, such as drop spreaders; or multi-hoppered devices with gravity placement tubes, such as in-furrow or row banding devices. Granular applicators offer several advantages: the need for mixing is eliminated; there is only minimal drift hazard, and there tends to be low applicator exposure. There are some disadvantages, which include the possible need for recalibration when switching to a different size granule and they can give poor distribution, especially on slopes.

148. If properly configured, irrigation systems can be used to deliver certain pesticides. Known as chemigation, the method involves mixing pesticide concentrates with irrigation water to form a dilute mix. Because of concerns about protecting water quality, there is a detailed rule regarding this practice. Applicators that use this practice should be familiar with the rule’s details, particularly with regards to anti-siphoning devices. The labels of some pesticides state that they may be applied through irrigation, while some labels of pesticides will specifically prohibit such a use.

149. Because of concerns about protecting water quality throughout Florida, a very detailed rule that carries the force of law specifically regulates chemigation systems in Florida.  The rule indicates all of the various components needed for setting up a chemigation system.  Pesticide applicators who want to use chemigation techniques must be sure to follow the Florida-specific rule and its procedures.  This rule regulates all instances involving chemigation of pesticides - both restricted use pesticides and general use pesticides. The details in the Florida-specific rule about chemigation that must be followed are in addition to all of the chemigation directions that appear on the pesticide label. Be sure to read the Florida-specific chemigation rule (the rule is officially listed as Chapter 5E-2.030 in the Florida Administrative Code) before using chemigation techniques to apply ANY pesticide in Florida.  To obtain a free copy of the Florida-specific Chemigation Rule, contact the Pesticide Compliance Office.

Unit VI: Equipment Calibration

150. This section will discuss equipment calibration. You’ll learn that calibrating pesticide application equipment will pertain to many settings where pesticides are applied – not only agricultural row crops, but, ornamentals, turfgrass, forest sites, natural areas, and others.

151. The learning objectives of this unit are to become knowledgeable of calibration and what that term means, indicate the level of precision needed to make calibration-related decisions, determine travel speed and understanding its importance, explain how to check for uniform output from multiple nozzles or hoppers, give 3 reasons why calibration needs to be checked regularly,

152. name 5 factors that should be considered when calibrating any kind of sprayer, read a nozzle selection chart and choose the size and type of nozzle tip that’s best, use appropriate formulas and determine actual nozzle output, identify the main factors that influence the spray pattern from sprayers, identify the main differences between the 2 basic types of spreaders,

153. describe the method that can be used to determine application rate of a granular applicator, name the factors that influence the performance of a chemigation system, and describe the kinds of units that usually have to be considered and calculated to determine a chemigation system’s output.

154. Equipment calibration refers to the process of measuring and adjusting equipment performance. For agricultural row crop applicators, the major types of equipment involved will be granule-applying devices, sprayers and injection equipment used for chemigation. Calibration is not difficult; it does require some arithmetic. This unit will provide standard formulas to help you make calibration an easy task.

155. How precise must calibration be? The acceptable variation is plus or minus 10 percent. For example, if the desired rate is 15 gallons per acre, multiply 15 by 0.10, the decimal equivalent of 10%. This results in 1.5 gallons. Add and subtract 1.5 to 15 to determine the acceptable range. Therefore if the sprayer is applying between 13.5 and 16.5 gallons per acre, it is suitably calibrated for the job.

156. Most agricultural spray equipment is set up with more than one nozzle; in some cases, many nozzles. Because of this, a possible source of variation enters into the actual sprayer’s output. One of the first steps in calibration is to check the output from each nozzle. As we just learned, a 10% variation in output is acceptable.

157. Let’s work through a practical example; you’ll see that a uniformity check is very easy to do and doesn’t take much time. For the sake of the example, we’ll work with a small boom – only set up with 4 nozzles. We can start the sprayer, make sure the lines and boom are filled, then catch the output from each nozzle for a pre-determined length of time. In this example, let’s use a catch-time of 30 seconds. Just as we did with speed, we can make several catches to determine an average. Using a graduated cylinder with milliliter increments, we catch the following average amounts from each of the 4 nozzles: 42 milliliters from nozzle 1, 48 milliliters from nozzle 2, 40 milliliters from nozzle 3, and 39 milliliters from nozzle 4. We then calculate the overall average, which is 42 ml. 

158. Then we multiply 42 by the 10% factor to get 4.2 milliliters and we subtract from 42 to get 37.8 and add to 42 to get 46.2 milliliters, our range of acceptance. We see that one nozzle, nozzle 2, is out of this range because it is over-applying. Because of this, we need to put in a new nozzle tip and then recheck for uniformity.

159. If an application was made without a uniformity check on a large-scale basis as in reality, the consequences could have been serious. Overdosing can result in crop injury, residue problems on food crops, and rotational problems with subsequent crops. In other words, overdosing is expensive. It pays to do a uniformity check, and as you can see, does not take a great deal of time.

160. On the other hand, if rates are applied at less than intended, the resulting level of pest control may be far less than expected. With these kind of results, the control failure will likely result in the necessity of retreatment. Regardless of over- or underdosing, improper rates can be expensive.

161. For most types of applications, the speed at which the equipment moves through the target site is one of the main factors that determine the actual application rate. Actual speed is not always measured accurately be a speedometer. This is because wheel slippage, different tire sizes than the original equipment specifications, or improperly inflated tires can all account for incorrect speedometer readings. Speed measured in feet per minute rather than miles per hour makes most calibration calculations much easier to do. That’s because most calibration formulas are based on conversion factors derived from feet per minute.

162. Let’s work through an example on how to determine speed. If a tractor is driven over a 300-foot test strip, what is its speed if 3 runs are timed at 55, 53 and 56 seconds? You want to take an average to account for variability, therefore take at least 3 recordings. First, determine the average number of seconds taken to make a test run. Adding these three times and dividing by 3 will give an average of 54.67 seconds per test run. Next, convert the average run time from seconds to minutes: 54.67 seconds divided by 60 seconds per minute results in .911 minutes per test run. Then, calculate travel speed in feet per minute: 300 feet per test run divided by .911 minutes per test run gives 329.31 feet per minute. Since there are 88 feet per minute per mile per hour, divide 329.31 by 88 and we determine that the tractor is traveling at 3.74 miles per hour. The number, 88, is a number that you should keep in the back of your mind to help you easily calculate speed.

163. Now let’s look at how easy it is to determine the output of a large sprayer by using a simple test. This is easy since the total amount of spray applied divided by the amount of area covered is the actual application rate. First, measure the effective swath width of the boom. Depending upon the width of the swath, then a length distance can be determined to operate the sprayer over to make a test run. Next, make sure that the sprayer’s tank is filled to capacity with clean water. Then, at the settings that will be used to make the application, operate the sprayer over this known area.

164. After operating over the course, measure the amount of water that is needed to refill the sprayer’s tank. This is the amount that was applied to the 300-foot course. Finally, convert that amount by multiplying it by the boom’s effective swath width. Take this area and determine the fraction of an acre that was operated over. Remember, there are 43,560 square feet in one acre – this is one of those conversion factors that applicators should always keep in their minds. The gallons per acre rate can now be easily converted.

165. Let’s look at a numerical example of how this will look. Let’s first measure the effective swath width of the sprayer’s boom – in this example, let’s use 60 feet. We’ll choose to operate the sprayer over a test course of 300 feet which will be measured. We see that based upon the effective boom swath and that it is operated over a distance of 300 feet, this would represent 0.41 acres, since 60 multiplied by 300 feet is that amount when divided by 43,560. We write that number down since we’ll need it again later. But, before actually operating the sprayer, be sure that the tank’s capacity is completely filled with water. Now we’re ready to operate the sprayer to check for output. After running over the course at the sprayer’s settings that will be used during the application, we carefully measure the amount of water that is needed to refill the sprayer’s tank to capacity. In this example, let’s say the amount to refill the tank is 10.5 gallons. Finally, we divide 10.5 gallons by our area in acres, which is 0.41 acres, and we determine the gallons per acre rate equivalent. In this example, that amounts to 25.6 gallons per acre.

166. Don’t assume that application equipment will stay calibrated. Reasons, such as clogging, corrosion, and normal wear can cause calibration to vary. Check the calibration on a regular basis. Each time an application is made, pay attention to the flow rate to see if there are any obvious inaccuracies. If you catch anything that doesn’t look correct early, it can save big and possibly costly mistakes.

167. Do any of these nozzles need to be replaced based on an output check? a. nozzle 1 = 52 ml; b. nozzle 2 = 57 ml; c. nozzle 3 = 47 ml; d. nozzle 4 = 56 ml; or e. none need to be replaced.

168. Nozzle 3 needs to be replaced because if the average nozzle output is 53 ml, then it is slightly below the 10% level of acceptable variation.

169. What is the speed in mph of a sprayer that has taken an average of 45 seconds to run over 300 feet? Is it: a. 4.0 mph; b. 4.5 mph; c. 5.0 mph; or d. 5.5 mph?
170. The sprayer is traveling 4.5 mph. This is determined by converting seconds to hours and feet to miles.

171. How many acres did a 60-foot boom applying over 1 mile cover? Is it: a. 4.8 acres; b. 5.6 acres; c. 6.7 acres; or d. 7.3 acres?
172. The answer is d, 7.3 acres. Since there are 5,280 feet in one mile, multiply the boom width 60 feet to determine total square feet treated. Dividing by 43,560 square feet gives 7.3 acres, since there are 43,560 square feet in 1 acre.

173. If it took 170 gallons to refill the spray tank from the previous question, what was the gallon per acre rate applied? Is it: a. 15.9 gpa; b. 19.7 gpa; c. 23.3 gpa; or d. 27.2 gpa?

174. Dividing 170 gallons by 7.3 acres gives a gpa of c. 23.3.

175. Let’s discuss the next concept that is important in solving calibration problems. GPM refers to gallons per minute that a sprayer is applying. It is important to be able to determine what a sprayer’s gpm is because nozzle manufacturers will often base their nozzle selection charts on that figure. Some manufacturers will also report the gpa in their selection charts. Because pesticide labels generally recommend a desired gpa for an application to provide adequate coverage, it is helpful to know this formula. Knowing this will help in selecting the correct nozzle tips from the manufacturer’s catalog. A couple of important things to remember about this formula are that the treated width should always be entered in inches. The other thing is the number, 5,940. It is a conversion factor that allows this combination of variables to be converted to gpm.

176. Here’s an example of how it works. The pesticide label says to apply a broadcast spray in 25 gallons of water per acre. This will provide sufficient coverage of our target. Your boom sprayer is set up at 20-inch nozzle spacing and you plan to operate the sprayer at 4 mph. The manufacturer’s nozzle selection chart lists values in gallons per minute (gpm). You want to know what gpm value you should look for in the chart’s 20-inch row space column in order to apply 25 gpa. This is calculated by multiplying 25 gpa by 4 mph, and then by 20 inches. We divide this result by the 5,940 conversion factor to determine that the sprayer’s output is 0.34 gpm.

177. Now let’s determine which nozzles would be suitable based on that set of variables used. This is the manufacturer’s selection chart for nozzle tips. Looking across the top of the table, we notice that the columns are labeled psi, capacity in gpm, capacity in ounces per minute, and then the various gpas for a range of speeds from 4 to 20 mph based on nozzle spacing of 20 inches. Since we know that the speed we’ll use is 4 mph and our output is 0.34 gpm, we look down the gpm column until we find 0.34, then looking across, we come to the gpa of 25, which is listed in the 4 mph column. This output can be expected if making the application at 50 psi – shown in the left column.

178. Because most applications involve multiple nozzles, how they are configured along the boom affects their overlap. The overlap will be influenced by this spacing. Remember, this was one of the variables listed in the manufacturer’s selection chart. Nozzles are generally spaced at 20, 30, or 40 inches apart along the boom. If one of these spacings is going to be used for the application and it is provided in the selection chart, then selection of the proper nozzles is fairly simple. Let’s learn how we can adjust for spacings that are not one of these standard distances.

179. To make any particular nozzle performance value listed in a nozzle selection chart meaningful for a spacing other than 20 inches, multiply the chart-listed nozzle gpa by the appropriate conversion factor. That result will be the actual nozzle gpa that you can expect if you use that particular nozzle tip at the desired spacing. Similar conversions can be made if charts list 40-inch spacing. Divide 40 by the actual spacing you plan to use to get the conversion factor.

180. Here’s an example of how the chart can be useful. You have a boom that the nozzles are set on 24-inch spacings. The nozzle selection chart says that a particular tip will deliver 6 gallons per acre if pump pressure is 40 psi and sprayer speed is 4 mph, but the chart is based on 20-inch spacing. If you use the 24-inch spacing, what delivery rate can you expect with this tip?

181. We have to multiply by the conversion factor listed in the table. Since our actual spacing is 24 inches, the conversion factor to use is 0.8. Multiplying 6 by the factor results in 4.8 gallons per acre – the rate which can now be expected based upon the conditions.

182. Another consideration when choosing nozzle tips is the distance from the tip to the target, also known as nozzle height. Most selection charts will refer to this as nozzle height. The height is usually determined by crop or weed height that the boom must clear. When a boom sprayer is used for directed spraying, boom height is not a factor in nozzle selection because the nozzles are positioned to direct the spray at specific parts of the plant.

183. The table shown here was taken out of a manufacturer’s catalog. It makes suggestions based on the minimum overlap required to obtained uniform distribution. Listings are provided for 20, 30, and 40-inch spacings on the boom. In many cases, typical height adjustments are based on a 1- to 1-nozzle spacing to height ratio. For example, 110-degree flat spray tips spaced 20 inches apart on the boom are commonly set to a height of 16 to 18 inches above the target.

184. Using a nozzle selection chart to choose nozzle tips for band spraying is similar to that for broadcast spraying – both are based on desired gpa. However, there are two very important differences. First, you must be absolutely certain that the band volume intended to apply is for a band application and not a broadcast application. Second, to obtain the desired band width, boom height must be considered in order to select a nozzle tip that has an appropriate spray angle. In other words, to choose nozzles for band applications, you must select for both tip size and for spray angle.

185. For any given arrangement of settings, the tip size determines the volume delivered. Usually, pesticide labels will list the volume in a broadcast amount, but you must make your selection based upon a band volume. Because of this, the gpa has to be converted to a gpa that suits the particular band situation. To do this, 3 things must be known: broadcast gpa, band width that each nozzle will treat, and the row spacing. Let’s look at an example to show this relationship.

186. Here’s how it can work. The formula divides the band width by the row spacing to get the proper ratio. This is then multiplied by the broadcast gpa and will result in the desired band gpa. In this example we can see that applying a 10-inch band over rows with 30-inch spacing would result in a ratio of .3 – the actual amount of treated area of the total. Multiplying that by the broadcast gpa gives us the desired band volume, 6.7 gpa.

187. Before making the band application, we have to know several variables: the row spacing, which will be the same nozzle spacing on the boom; the pump pressure; the sprayer’s speed; and, the spray volume needed for the band application. Let’s use the previous example to select nozzles for our band application. Our row spacing was 30 inches, which is what this chart is based upon – we see that labeled at the top. Since we know that our volume of spray for the band is 6.7 gpa, let’s find that in the chart, and then we can set our pressure and speed accordingly. We see 6.7 gpa listed under 6.5 mph if we set the pressure at 50 psi.

188. The nozzle spray angle is the other important feature to consider when selecting nozzles for band applications. Choosing the correct angle is influenced by the boom height and the band width. Since we know from our example that we’ll be treating a 10-inch band, we have a choice of two fan angles – 80 or 95 degree angles. If we choose the 80-degree fan angle, we should set the boom height at 6 inches. Should we select the 95-degree fan angle, then we would set the boom height at 5 inches in order to treat a 10-inch band.

189. Directed spraying usually means using multiple nozzles to apply a pesticide to specific portions of a plant. This type of spraying is often used to treat upright plants, such as staked tomatoes. These nozzles are designed to deliver a cone-shaped spray pattern. To use the selection chart for directed sprays, you must know: the row spacing, the spray volume per acre, the number of nozzles per row, the sprayer’s speed, and the pump pressure.

190. Here’s an example. The label directions indicate that the product should be applied in 20 gallons of water per acre, but does not mention directed spraying. You want to apply the product to staked tomatoes planted on 30-inch row spacings. For good coverage, you’ll use 3 nozzles per row – one overtop and one on each side. You’ll select hollow cone nozzles because they’ll provide the best coverage. Here’s a listing of what we know when we go to the nozzle selection chart.

191. Here’s the selection chart of hollow cone nozzle tips for 30-inch spacing. There are several choices for applying 20 gpa using these nozzles. We’ll select 4 mph, which means the pressure should be set at 80 psi.

192. Just because the nozzle tips may be new, their output should still be checked. Check them on a regular basis, because as we previously learned, both overdosing and underdosing can result in costly mistakes. Flow meters can be purchased from commercial vendors and they make the task fast and accurate.

193. If there is no flow meter, here’s a chart that can be used based on catching the output in a graduated container. With a watch or stop-watch, measure the number of seconds that are needed to collect one quart of spray. The actual gpm can then be determined based upon the figures in this chart.

194. Sometimes an adjustment is as simple as cleaning a nozzle tip. The tips should always be cleaned with a soft-bristled brush and not with hard objects, such as wire brushes or driving a nail through them. In any event, never blow them out with you mouth. That is a sure way to create an exposure problem.

195. If large volume adjustments are necessary, the change is best achieved by changing tips. In some cases, travel speed can be altered for making volume changes, but don’t rely on adjusting spray pressure to make large changes. In order to double the output, the spray pressure would have to be increased 4-fold.

196. To determine spray volume, we have to know 3 things: how much land is treated, how much time it takes to treat the area, and how much spray is applied. We saw that in an example earlier.

197. To determine actual gpa, we select an actual distance to measure based on the boom’s nozzle spacing. Manufacturer’s have calibration distances showing the varying nozzle spacings and distances needed to measure to determine sprayer gpa. Then measure the known amount of area, operate the spray rig over it at the same speed the application will be made, and determine how much time that it took the sprayer to cover the area. It’s easiest to measure the time in seconds, then for the same number of seconds; collect the volume of output from one of the nozzles in a graduated container while the rig is in neutral with the brakes set. Check the number of ounces of spray that was caught in the graduated container. For broadcast or band spraying, the number of ounces caught from the one nozzle is equal to the gpa. When more than one nozzle is used per row, just combine the liquid from all of the nozzles directed at the row and this will be the gpa.

198. For example, if our boom is set with a 20-inch nozzle spacing, then we would select a test distance of 204 feet. For the example, let’s say that it took 20 seconds to cover the 204 feet with the spray rig. We then park the rig and set the brakes, and operate the pump. We catch 22.1 ounces of fluid from the test nozzle, thus our actual gpa delivered is 22.1 gallons per acre.

199. Another method that can be used to determine gpa is called the volume output method. We use the sprayer’s swath width to figure out the exact size, in acres, of a rectangular test area. Usually, this will be only a fraction of an acre. The width of the test area is the sprayer’s swath width. Decide the length of the test area to operate the rig – the longer the better. No distance table is needed with this method. The spray tank is filled and the water level is accurately marked. The sprayer is operated over the test area with the pump running. After the area is sprayed, the amount of water to refill the tank is measured. The gpa is then calculated by dividing the gallons sprayed by the acreage treated.

200. As an example, let’s assume that a spray rig has an effective boom spray swath of 20 feet. The spray rig will be run over a distance of 500 feet for the test. Since the area covered is 10,000 square feet, this would be equivalent to 0.2295 acres, since there are 43,560 square feet in one acre. The amount of water needed to refill the tank was 11.5 gallons. Dividing 11.5 by 0.2295 gives a gpa of 50.1. If it were a band application, the effective boom swath would be the width actually treated during each pass of the rig.

201. Before we move on to granular applicators, let’s stop here and review this section with a few questions. What is the gpm of a sprayer with 20-inch nozzle spacing, running at 6 mph and applying 30 gpa? Is it: a. 0.47 gpm, b. 0.55 gpm, c. 0.61 gpm, or d. 0.74 gpm?

202. Using the gpm formula we learned, it’s an easy calculation to come up with c. 0.61 gpm.

203. Using the nozzle selection chart, determine your sprayer’s gpa if you know that your gpm is 0.24, you have XRC8002 tips on the boom at 20-inch spacings and operated at 60 psi at 6 mph. Is it: a. 8.9 gpa, b. 5.9 gpa, c. 17.8 gpa, or d. 11.9 gpa?

204. Based on those variables, the first thing to look for is the 0.24 gpm in the 3rd column. We find it listed for 60 psi, and then looking across the table to the column under 6 mph, we see that the correct gpa is d. 11.9.

205. The selection chart is based upon nozzle spacing of 20-inches; however, your spacing is 12-inches and your gpa is 8 at 40 psi and 4 mph. What gpa can you expect with this tip using the 12-inch spacing? Is it: a. 13.6 gpa, b. 6.0 gpa, c. 3.0 gpa, or d. 12.2 gpa?

206. Using the conversion factor for 12-inch spacing, multiply 8 by 1.7 and the gpa is 13.6.

207. If you’ll make a 12-inch band application over 40-inch row spacing, but the label state that 25 gpa should be applied as a broadcast spray, what would be the correct spray volume for the band application? Is it: a. 3.8 gpa, b. 7.5 gpa, c. 11.3 gpa, or d. 14.1 gpa?

208. We set up the ratio of 12 divided by 40 and then multiply by the broadcast rate to get 7.5 gpa: the band rate.

209. Based on the chart shown, which tips would be suitable for an application of 6.0 gpa if psi is not a factor, but travel speed has to be 6 mph or less? Check all nozzle tips that would be suitable.

210. The DG95015EVS and DG9502EVS would work. The other 3 nozzle tips would apply volumes greater than 6.0 gpa.

211. What is the best way to make large application volume adjustments? Is it: a. change pesticide formulations, b. alter pump pressure, c. raise boom height, or d. change nozzles?

212. Changing nozzles is the best and most reliable method for large adjustments. A second alternative that can work in some situations is to alter travel speed. Adjusting pump pressure should only be used when making minor adjustments.

213. Many commercial applicators of pesticides will also be applying products that are formulated as granules. Let’s look at a few examples of equipment that apply these dry products and how to go about calibrating them.

214. The first step in calibrating a granular applicator is to determine its swath width and record it in feet. For a broadcast spreader, this can be done easily on a road or driving the spreader over a spread tarp. Band applications need no other figuring; but, the width should also be recorded in feet. Identify the type of distribution pattern: some may be broadcast; others apply bands. If it is a broadcast pattern, decide the overlap of the pattern to make an effective application.

215. To determine how much the spreader is applying, measure and mark a test application site. Knowing the swath width and operating over a known distance, area can be easily calculated and converted to a per acre basis. Place a known amount of the granular material into the hopper and operate the spreader over the test site. Empty the remaining material from the hopper onto a tarp, then by weighing the remaining material and subtracting the original amount placed in the hopper, the per-acre rate can easily be calculated. Other ways to catch the material are by using catch-tubes or –pans attached to the equipment.

216. As an example, let’s stake a 300-foot strip. The swath width of the drop spreader has been measured and determined to be 6.75 feet. Exactly 100 pounds of the granular product are placed into the hopper and a test run is made over the course with the gate open. After the hopper is emptied, it was found that 65 pounds of granules remained inside. What is the per acre rate that the spreader is applying?

217. First, we determine that 2,025 square feet or .0465 acres were treated in the test application. Since 65 pounds of granule material remained in the hopper, we know that 35 pounds were applied during the test since 100 pounds were in the hopper originally. Dividing 35 pounds by .0465 acres gives a rate of just slightly more than 750 pounds per acre. By checking the label rates, we then decide if adjustments should be made to the spreader if the target rate is not in an acceptable range.

218. If the output of the granular applicator is influenced by the travel speed, be sure to conduct a speed test to determine actual speed at the application site. By altering speed for this type of equipment, relatively small changes in application rate can be made. Speed and rate applied are inversely proportional for these implements. That is, decreasing speed will increase the application rate, and alternatively, increasing speed will decrease the application rate.

219. There are additional factors that influence the amount of granule product that is applied. Granule products’ particles vary in their particle size, uniformity, weight, shape and texture. Temperature and relative humidity can slow flow rate under hot and humid conditions. Old product that has not been stored properly can also hinder flow rate because the product may have undergone clumping if exposed to moisture. Because of these variables, it is best to run a calibration check for each new batch of product.

220. Many granular pesticide manufacturers will list the settings that should be used with their products for some of the common types of granular applicators that are on the market. You’ll notice a listing of various spreader brands in the left column, then settings for different application rates takes various travel speeds into account. This chart like, many others seen on granular product labels can be very useful; however, it pays to do an accuracy check.

221. Here are few review questions for granular applications. You want to apply 8 10-inch bands spaced 36 inches apart. The label only lists a broadcast rate of 50 pounds per acre. What should be the amount applied per acre based on this band? Is it: a. 8.7 pounds, b. 13.9 pounds, c. 17.4 pounds, or d. 22.7 pounds?

222. We set this up, just as in applying liquid sprays on a band. Divide the band width by the row width. Then multiply by the broadcast rate will give b. 13.9 pounds.

223. Here’s the next question. You want to apply 8 12-inch bands spaced 36 inches apart. The label only lists a broadcast rate of 80 pounds per acre. After making a test run over 500 feet, it took 4.5 pounds to refill the hopper. What is the actual per acre application rate in this test? Is it: a. 25 pounds, b. 50 pounds, c. 75 pounds, or d. 100 pounds?

224. To solve this, first determine the area that was treated. Since there are 8 12-inch bands, then a swath width of 8 feet was run over a 500-foot strip. This would be equivalent to .09 acre. Then, determine the amount by dividing 4.5 by .09 which will result in 50 pounds per acre.

225. Based on the previous question, would the amount caught in the test run be acceptable without making equipment adjustments? Yes or no?

226. This would not be acceptable as is because this is far above the recommended rate and would likely result in crop injury and possibly other problems. Remember early in this unit we learned that 10% is the acceptable level of variance. Based on this, we should adjust the equipment and target a test catch that would result in an equivalent per acre rate between 72 and 88 pounds per acre.

227. A final segment of this unit will review an example of how to make sure that the proper amount of pesticide is being mixed with a known amount of water to be delivered while the irrigation system is being operated. If properly configured, irrigation systems can be used to deliver certain pesticides. Known as chemigation, the method involves mixing pesticide concentrates with irrigation water to form a dilute mix. Because of concerns about protecting water quality, there is a detailed rule regarding this practice. Applicators that use this practice should be familiar with the rule’s details, particularly with regards to anti-siphoning devices. The labels of some pesticides state that they may be applied through irrigation – other labels of some pesticides will prohibit such a use. First, be sure that the product you intend to apply through chemigation is labeled for that use.

228. To obtain a free copy of the Florida-specific Chemigation Rule, contact the Florida Department of Agriculture and Consumer Services at this address or give them a call.

229. There are 7 basic steps that describe this process. 1) From the pesticide’s product label, check the rate suggested per area unit and the amount of irrigation, in acre-inches of water, needed to treat the area. 2) Convert the irrigation rate, that is, the acre-inches, to a spray volume rate in gallons per acre. 3) Determine the actual delivery rate of the irrigation system by measuring the gallons of water being delivered in a predetermined amount of time. This will be the gallons per minute or gpm. 4) Calculate the amount of time needed for the irrigation system to treat one acre of target site.

230. 5) Determine the injection rate needed for the pesticide application. 6) Measure the actual pesticide injection rate. 7) Compare the actual injection rate to the required injection rate and make any adjustments if necessary.

Unit VII: Calculating Dilutions and Site Sizes
231. The material presented in this section is derived from chapter VII of the Private Applicator Agricultural Pest Control. We will discuss calculations of dilutions and site sizes.

232. After we discuss this section, you should be able to:

calculate the total amount of pesticide product needed to treat a target site at a specified label rate; calculate the amount of liquid pesticide product needed to prepare a spray mix containing a desired percentage of pesticide product; calculate the weight of dry pesticide product needed to prepare a desired volume of spray mix;

233. You should also be able to:

calculate the area of a rectangle, circle, and triangle; calculate the volume contained by regularly-shaped structures; demonstrate a working knowledge of the units typically associated with pesticide labeling, spray mix preparation, and target size determination.

234. This chapter contains examples of situations commonly faced by pesticide applicators. In each example, a step-by-step procedure is used to show how to determine the correct answer for a particular problem. In general, regardless of formulation to be used, in order to properly dilute a concentrated pesticide product, the pesticide applicator always has to know: 

•
the size of the target site,

•
the total amount of concentrated pesticide product needed for the job, and

•
the total amount of diluted spray needed for the job.

235. Many agricultural pesticides are formulated and sold as dry products.  Some of these products are designed to be mixed with water and then applied to a target site as a pesticide spray.  The principal dry formulations designed for dilution before use are soluble powders (SP),  wettable powders (WP), dry flowables (DF), and water-dispersible granules (WDG). Because they are marketed in a dry form, such pesticide products are usually measured in pounds or dry ounces.  The amount of active ingredient present in the formulated product is usually indicated as a percentage of total product weight.  Typically, this percentage is shown on the pesticide label as a number followed by an abbreviation indicating the formulation type. 50 WP - indicates that the pesticide product is a wettable powder formulation consisting of 50% active ingredient. This means that 50% of the contents in the package is the actual pesticide chemical; the other 50% of the contents is carrier, surfactant, or other things that the manufacturer has put in to make the formulation effective. 90 SP - indicates that the pesticide product is a soluble powder formulation consisting of 90% active ingredient.  This means that 90% of the contents in the package is the actual pesticide chemical; the other 10% of the contents is carrier, surfactant, or other things that the manufacturer puts in to make the formulation effective. In both cases, the total contents of an entire package are usually measured in pounds.

236. Occasionally, the label lists the product amount to be mixed per unit of volume, such as per 100 gallons of water. The calculations used for preparing a batch of spray mix based on pounds of dry pesticide product per 100 gallons of water are shown in an example here.

237. There are 5 questions to be answered in this example: how many gallons are needed, how much product is needed, how many tanks of spray are needed, how many pounds of product should be added to each full tank, and how many pounds of product should be added to a partial tank?

238. First, calculate the total gallons required, then the total amount of product needed, then the number of tankfuls for the job.

239. Then, we calculate the amount of product to add to a full tank, the number of gallons needed for a partial tank, then the number of pounds of product to place into the partial tank.

240. The most common scenario involving mixing pesticides for spray applications involve the label listing the product rate per unit of area, most usually per acre. The calculations used for preparing a batch of spray mix based on pounds of dry pesticide product per acre are shown in an example here.

241. Here we see the amount of land area that a full tank will treat based on the capacity and gpa delivered; then, we can determine how much product to add to a full tank.

242. Occasionally, the label will state the amount of product to apply based on active ingredient per acre. If this is the situation, first convert to amount of product needed per acre by dividing the rate of active ingredient by the percent of active ingredient that the product contains.

243. Here is a simple example.

244. Many agricultural pesticides are formulated and sold as liquids.  Most of these products are designed to be mixed with water and then applied to a target site as a pesticide spray.  The principal liquid formulations designed to be diluted before use are emulsifiable concentrates (EC), solutions (S), flowables (F), and soluble liquids (L or SL).  Because they are marketed in liquid form, these pesticide products are usually measured in gallons, quarts, pints, or fluid ounces.

The amount of active ingredient present in a liquid formulation is usually indicated on the front panel of the pesticide label in one of two ways:

•
the amount of active ingredient is stated as the number of pounds of active ingredient present per gallon of formulation; or,

•
the amount of active ingredient is listed as a percentage of the total formulation's weight.

245. The calculations are very similar to how we did the dry formulations. Here is an example:

· Product is a 90 L

· 30 acres of soybeans to treat

· Spray tank capacity is 500 gallons

· Label rate is 2 pints product per 100 gallons per water

· Sprayer is calibrated to deliver 45 gpa

246. We have to answer the same questions that were answered if using a dry formulation.

247. We determine the number of gallons needed for the job, the amount of product needed for the job, and the number of tankfuls needed.

248. Then we see that 10 pints are needed per full tank, 350 gallons of mix will be needed for the partial tank, and finally, to add 7 pints of product to the mix.

249. In this example, we’ll calculate the amount of 90 L needed to place in a full tank based on:

· 38 acres of watermelons to treat

· Spray tank capacity of 500 gallons

· Sprayer is calibrated to deliver 45 gpa

· The label rate is 3 pints product per acre

250. In the example, we calculate the number of acres a full tank will treat, the amount of product to mix into a full tank and convert to gallons.

251. Occasionally, the rate will be given as amount of active ingredient to apply. We have to convert to a product rate, like the earlier example with the dry formulation.

252. Here is an example of how it looks. If the label rate is 3 pounds of ai and the product contains 2.67 pounds of ai per gallon, then divide 2.67 into 3 to determine that just over 1 gallon of will be needed, then the calculations are done the same as in the previous examples.

253. Knowing how to calculate the amount of area present at a given target site is essential.  The size of the target area influences how much pesticide product is needed, and how many gallons of spray mix need to be made up. Knowing these things ahead of time is the best way to avoid the problem of excess or left-over spray mix. The amount of area present at a given target site is always first determined by multiplying together two different measurements of distance. Before being multiplied together, both measurements must be expressed in the same unit.  The most common unit used to measure distance is the foot. When one foot of length is multiplied by one foot of width, the result is one square foot (sq ft). Other units of area, such as acres, can be determined by using conversion factors after the square footage of the target site is known. A common conversion factor to know is 1 acre = 43,560 sq ft.

254. To calculate the area of a rectangular site, you must know two dimensions:

•
the length of the rectangle, and


•
and width of the rectangle.


Before any calculation, make sure that both dimensions are stated in the same units (for example, both length and width are known in feet).  To find the area, in square feet, multiply the length by the width. Here is an example.

255. This calculation can be particularly useful for determining the area that a complete revolution of a center pivot irrigation system covers. To calculate the area of a circular site, you must know two values:

•
the radius of the circle, and


•
the value of a constant called: pi (sometimes indicated by the Greek letter: "π").

The radius of a circle is the length of the straight-line distance from the center of a circle to any given place on the circle's edge. The radius is equal to one-half of the diameter of the circle. The diameter of a circle is the length of the longest possible straight-line distance across a circle. Any such straight line must pass through the center of the circle. Pi is an unchanging value that was discovered by ancient mathematicians who lived many years ago. It is used to figure out areas or volumes that involve circles, spheres, and other curved objects. Pi is represented by the Greek letter, π. The value for π is 3.14. The area of any circle is determined by multiplying π by the square of the radius of the circle; where, the square of the radius means the length of the radius multiplied by the length of the radius.  Before doing calculating, make sure the length of the radius (or the diameter) is known in feet. Then, to calculate the area of the circle, in square feet, multiply the length of the radius times the length of the radius by π. Here is an example calculation.

256. To calculate the area of a triangular site, you must know two dimensions: 

•
the length of the triangle's longest side, and


•
the width of the triangle at its widest point.


Before making a calculation, make sure that both dimensions are stated in the same units (for example, both the length and the width are known in feet).  To find the area, in square feet, multiply the length of the triangle's longest side by the width of its widest point, and then divide in half.

Example

A triangular field is measured and found to be 300 feet wide at its widest point and 650 feet long along its longest side. How many square feet does this triangular field contain? Here are the calculations.

257. Many sites are not perfect circles, rectangles or triangles. Often, farm fields have curved corners, have a bulge along one or more sides, or have a notched or "missed" portion because an obstacle along, or in, the field doesn't allow equipment access. In such cases, calculating the area of such a site can be done by dividing the irregular-shaped field into subunits. The group of subunits will consist of regular-shaped objects – rectangles, circles, and triangles. From these subunits, a total area can easily be calculated. Because the site is an irregular shape and you are basing your calculations on regularly-shaped objects, your square footage calculation will not be precise; however, you should expect this calculation to fall within 10% of the actual area of the site.

Unit VIII: Understanding the Label
258. The material presented in this section is derived from chapter VIII of the Private Applicator Agricultural Pest Control manual. In this section, we’ll discuss the contents of pesticide labeling.

259. After we complete this section on labeling, you should be able to:

explain the difference between a label and labeling, understand the 4 major label components, explain the meanings of label signal words,

260. You should also understand the following label concepts:

statement of practical treatment, child hazard warning, hazards to humans and domestic animals, personal protective equipment, environmental hazards, use classification, brand, common and chemical names, ingredient statement, net contents, EPA registration number, EPA establishment number, name and address of manufacturer, formulation, physical or chemical hazards, limited warranty and disclaimer, directions for use, and storage and disposal.

261. The pesticide label is a very expensive document. The information on the pesticide label represents the research, development and registration procedures that a pesticide must undergo before reaching the consumer at the market, frequently at a cost of millions of dollars to the manufacturer. The U.S. Environmental Protection Agency (EPA) requires a manufacturer to submit data from nearly 150 tests prior to that product's approval for use, including toxicity, environmental persistence and many other factors that may affect how the pesticide will be safely and effectively used. The pesticide use information obtained in this process is referred to as the label or labeling, two similar words but with different meanings.

262. The label is the information printed on or attached to the pesticide container; it has several interpretations. To the manufacturer, the label is the product’s clearance to sell to applicators of pesticides. To governmental agencies, including the EPA, the label is a way to control the distribution, storage, sale, use and disposal of the product. To the buyer or user, the label should be considered as the main source of information on how to use the product correctly, legally and safely. Labeling refers to all the information that you might receive from the company, their sales representatives or a local pesticide dealer about the product. This information may include brochures, flyers and other information accompanying the product. 

263. Properly interpreting the pesticide label is crucial to selecting the most appropriate pesticide products for use and therefore receiving maximum benefit from their use. The length of a pesticide label varies widely, ranging from one to many pages of very fine print. While the label may seem overwhelming at first, it does not require a great amount of time to understand the information once the general format is recognized. Label content for a single product changes frequently; applicators of pesticides should review labels of products they will be using on a regular basis. You should read the pesticide label:

· Before purchasing the pesticide to ensure that it is the correct one for the job,

· Before mixing the pesticide to ensure the proper pesticide concentration,

· Before applying the pesticide to ensure proper use, and

· Before storing of excess chemical or disposal of the empty container. 

264. Information contained on most labels can be divided into four major categories: safety, environmental, product and use. The following series of slides will discuss the contents of these categories and provides interpretations.

265. The front panel of every pesticide label must bear the statement, "KEEP OUT OF REACH OF CHILDREN." Poisoning is a major cause of injuries to children. According to the American Association of Poison Control Centers, pesticide exposure incidents occur in greater frequency to children under the age of six years than to older children, teens and adults on an annual basis. 

266. A signal word is displayed in large letters on the front of the label to indicate approximately how acutely toxic the pesticide is to humans by ingestion. The signal word is based on the entire contents of the product, not the active ingredient alone, but takes into account the inert ingredients. The signal word does not indicate the risk of delayed or allergic effects. All highly toxic pesticides that are very likely to cause acute illness through oral, dermal, or inhalation exposure have DANGER as their signal word and will carry the word POISON printed in red with the skull-and-crossbones symbol. Products that have the DANGER signal word due to skin and eye irritation potential will not carry the word POISON or the skull-and-crossbones symbol.

267. The labels for all highly toxic pesticides (signal word DANGER, Category I) must provide information to medical professional should an exposure occur. Examples of wording found in this section: 

"If swallowed: Immediately call a poison control center or doctor for treatment advice."

"If in eyes: Hold eyelids open and flush with a steady, gentle stream of water for 15 minutes. Get medical attention."

"If on skin, wash skin with soap and water. Get medical attention." 

It is in this section that proper antidotes and treatment are recommended for medical personnel treating a victim. For this reason, the pesticide label should always be taken to the emergency medical facility when an exposure occurs. Products labeled DANGER also bear an 800 telephone number that physicians may call for further treatment advice at any time. Often labels for less toxic pesticides will also provide first-aid instructions.

268. This part of the label includes precautionary statements indicating specific hazards, routes of exposure and precautions to be taken to avoid human and animal injury. The label will contain statements that indicate which route of entry (mouth, skin, eyes, and lungs) that must particularly be protected and what specific action is needed to take to avoid acute effects from exposure to the pesticide. Examples of such statements seen in this section include: 

"Causes eye and skin irritation. Harmful if swallowed, inhaled or absorbed through skin."

"Do not get on skin or on clothing."

"Avoid breathing vapor or spray mist."

"Avoid contact with eyes."

"Prolonged or repeated skin contact may cause allergic reactions in some individuals."

"Wash thoroughly with soap and water after handling."

269. Pesticides that the EPA considers to have the potential to cause delayed effects must have label statements warning the user of that fact. These statements will indicate whether the product has been shown to cause problems such as tumors or reproductive problems in laboratory animals. Additional information in this section will alert users if the product has the potential to cause allergic effects, such as skin irritation or asthma. Sometimes the labeling refers to allergic effects as "sensitization." 

270. Most pesticide labels contain specific instructions concerning the type of clothing that must be worn during the handling and mixing processes. This information is usually found following the statements regarding acute, delayed and allergic effects. Some labels may list this information after the signal word. Examples of some common statements from pesticide labels regarding personal protective equipment include: 

"Chemical-resistant footwear plus socks;"

"long-sleeved shirt and long pants;"

"waterproof gloves;"

"protective eyewear" and many other similar statements.

271. The personal protective equipment listed is the minimum protection that should be worn while handling the pesticide. Sometimes the statements will require different personal protective equipment for different pesticide handling activities, usually with greater safety equipment emphasis on operations that involve handling concentrated products. In some cases, reduced personal protective equipment is allowed when you will be applying the pesticide in safer situations, such as enclosed cabs.

272. This section of the label explains the nature of potential hazards and the precautions needed to prevent injury or damage to non-target organisms or to the environment. Some general statements appear on practically every pesticide label; for example, most pesticide labels will warn the user not to contaminate water sources when applying the pesticide, cleaning application equipment or disposing of pesticide wastes. It is also in this section that information can be found if the product poses a threat to groundwater. Instructions will be provided to minimize such impacts. Some labels will mention endangered species concerns in this section. Warnings of potential toxicity to honeybees may also be stated in this section. Examples of environmental hazard statements include: 

"This product is highly toxic to honeybees;"

"This product is extremely toxic to fish and aquatic invertebrates;" and

"Do not apply where runoff is likely to occur."

273. EPA is required to classify pesticides for either general use or restricted use. In classifying a pesticide, EPA considers: 

The toxicity of the pesticide;

The way in which the pesticide will be used;

The effect of the pesticide on the environment. 

When a pesticide is classified as restricted, the label will state "Restricted Use Pesticide" at the top of the front panel. Below this heading may be a reason for the restriction. Although there is a federal list of restricted active ingredients determined by EPA, some states have their own lists of restricted products. Florida follows the federal guidelines for determining if a product is restricted. To purchase and apply restricted use pesticides, a person must be certified and licensed in the state of Florida. A general use pesticide is defined as one that will not harm the applicator or the environment to an unreasonable degree when used according to label directions. General use pesticides are available to the general public for use according to label directions.

274. Each manufacturer has a brand name for each of its products. Different manufacturers may use different brand names for the same pesticide active ingredient. For example, Pendulum® and Prowl® are trade names for the same herbicidal active ingredient, pendimethalin. It is not legal to use different brand-name pesticides interchangeably even if they contain the same active ingredient. Each product label will state specifically the sites to which it may be applied. The brand name shows plainly on the front panel of the label.

275. This statement, normally on the front panel of the label, identifies the name and percentage by weight of each active ingredient. Identified by chemical or common name, the active ingredients are the components of the product that affect the target pest. The chemical name is often complex. For example, the chemical name for atrazine is 2-chloro-4-ethylamino-6-isopropylamino-s-triazine. To aid communication, EPA-approved common names may be substituted for chemical names. In this example, atrazine may be substituted for the chemical name. Usually following the list of ingredients, the amount of active ingredient is expressed as percent by weight for both liquid and dry formations of pesticides. For liquid pesticides, the number of pounds per gallon of active ingredient will be given in this section as well.

276. Inert ingredients allow active ingredients to be formulated into many different products. As part of the formulation, they determine a product's handling properties. Inert ingredients that are not considered to be toxic need not be named, but the label must show what percent of the total contents they make up. These ingredients make the product safer, more effective and easier to handle.

277. The front panel of the pesticide label states how much is in the container. This can be expressed as pounds or ounces for dry formulations and as gallons, quarts, pints or fluid ounces for liquids.

278. This number identifies a specific product and signifies that the product has met federal registration requirements through all of the testing phases. This number must have a minimum of two sets of digits. For example, EPA registration number 100-497 is interpreted that "100" indicates the manufacturer, and the “497" is the specific number issued to identify the product by the EPA. Sometimes there will be a third set of numbers present. This set identifies the distributor. Some states will require that some registration numbers carry a set of letters in this code as well.

279. This number identifies the facility that formulated the product. In the event of questions or concerns regarding a product, the facility that made the pesticide can be determined. Although not common, quality control problems have been tracked to the facility that formulated the product when problems with a specific product were identified.

280. The law requires the maker or distributor of a product to put the company name and address on the label. This enables consumers to know who made or sold the product. In many cases, the manufacturer will also list a telephone number and/or web address where users of the product may seek technical advice. 

281. The front panel of some pesticide labels will describe the product formulation. The formulation name may be either spelled out or designated by an abbreviation, such as G for granular materials, WP for wettable powders, D for dusts or E or EC for emulsifiable concentrates. There are other formulations, but these are some of the more common. This information is helpful for practical purposes because it provides insight about the type of application equipment that will be needed and the product's handling properties. 

282. This section will tell of special fire, explosion or chemical hazards the product may pose. For example, it will alert you if the product is so flammable that you need to be especially careful to keep it away from heat or open flame or if it is so corrosive that it must be stored in a corrosion-resistant container. This section is not always found in the same location within the labeling. Some labeling will identify physical and chemical hazards in a designated box while other labeling may list them on the front panel beneath the signal word. Others may list hazards under headings such as "Note" or "Important." Examples include wording such as: 

"Do not use or store near heat or open flame."

Some products will include statements concerning the diluted product such as: 

"Spray solutions of this product should be mixed, stored and applied using only stainless steel, aluminum, fiberglass, plastic or plastic-lined steel containers."

Many other hazards may be found in this section. 

283. This statement conveys the manufacturer's assurance that the product conforms to the chemical description on the label and that it is fit for label purposes if used according to directions under normal conditions. The warranty does not extend to any use of the product contrary to label instructions, nor does it apply under abnormal conditions such as drought, tornadoes, hurricanes or excessive rainfall. Applicators who violate label instructions assume all liability associated with the product.

284. This section usually makes up the bulk of a pesticide label and begins with the wording: "It is a violation of federal law to use this product in any manner inconsistent with its labeling." Products intended for use in agriculture will have an Agricultural Use Requirements box included in this section. It will contain the statement: "Use this product only in accordance with its labeling and with the Worker Protection Standard, 40 CFR part 170." The purpose is to inform those handling the product that the Worker Protection Standard applies to the product. When the Worker Protection Standard applies, a statement regarding information on employee notification of restricted entry intervals and applications, proper training, decontamination, emergency assistance and personal protective equipment is stated here.

285. Most, if not all, pesticide labels will contain a general statement in this section to the effect "do not contaminate water, food, or feed by storage, disposal, or cleaning of equipment" and "store in original containers only." Label information about storage generally includes temperature requirements. In many cases, minimum and maximum storage temperatures will be provided in specific terms. Some pesticides become ineffective if not stored under suitable temperatures; other pesticide labels may indicate that if freezing occurs and crystals form, then the product may be reused if it is warmed up. Moisture is a critical concern with dry pesticides, including granular materials and wettable powders, which have a strong affinity for water. When this is the case, the label may have the statement, "store in a dry place."

286. Labels include information on disposal of pesticide containers as well as excess quantities of diluted pesticide mixtures. The label will inform users that leftover mixtures that can't be applied to a labeled site may be disposed of in an approved waste disposal facility that is in accordance with appropriate federal, state and local procedures. With disposal of liquid pesticide containers, the triple-rinse procedure will be stated in this section of the label and options such as recycling or disposal of punctured containers in a sanitary landfill will be given. Manufacturers of returnable and refillable containers will remind the user to return the containers promptly and intact to the point of purchase. The label will state that bags containing dry pesticide products should be emptied thoroughly into the application equipment and incinerated or discarded into a sanitary landfill. Although burning of pesticide containers is legal in Florida, some counties and municipalities have enacted ordinances which prohibit such activities. Applicators should consult their local authorities to determine burning regulations.

287. The directions for use section will contain information such as:

· Sites, objects, animals, plants or areas where the product may be applied.

· The amount of product to use. This may be expressed as an amount per unit area, such as per acre or per 1,000 square feet. It may also be listed as an amount to mix per unit volume of water.

· A description of how the product should be applied and by which type of application equipment it is most effectively applied.

· The timing and frequency of application. For example, a label may state specifically time intervals between applications, such as "allow 10 or more days between applications.“

· Limitations on reentry to treated areas. These will be given in specific terms. The reentry intervals may be very specific and given in terms of hours or days or they will simply state "do not enter or allow others to enter the treated area until sprays have dried.“

· The pests that the product controls. The user assumes all risks for applying the product for control of a pest that is not listed on any given products label.

· Any number of various limitations associated with the product, including application intervals, crop rotation restrictions, animal restrictions and warnings about the use on certain sites. 

288. If you have questions regarding certification and licensing of pesticide applicators in Florida, please contact your local University of Florida/IFAS extension office, the University of Florida/IFAS Pesticide Information Office, or the Florida Department of Agriculture and Consumer Services.

289. Appreciation is expressed to those who contributed photographs for use in this module. The University of Florida/IFAS Pesticide Safety and Education Program is a cooperative effort with the Florida Department of Agriculture and Consumer Services. Appreciation is expressed to those who contributed photographs for use in this module. The University of Florida/IFAS Pesticide Safety and Education Program is a cooperative effort with the Florida Department of Agriculture and Consumer Services.
