Soil and Greenhouse Fumigation – Script
1. This tutorial is designed for those seeking practical knowledge in the soil and greenhouse fumigation category. This particular tutorial 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.

2. The content of this discussion is based upon selected information from the Soil Fumigation manual for pesticide applicator certification. It is the reference for those preparing to take the Florida certification exam in the soil and greenhouse fumigation category. It will provide benefit as reference material to those working in this industry. The manual may be purchased from the University of Florida/IFAS Extension Bookstore by calling 1-800-226-1764 or on-line at the address shown here.
3. After you complete this tutorial, you should be able to:

Describe the advantages and disadvantages of soil fumigation.

Name the pests controlled by soil fumigation.

Describe soil fumigant characteristics.

Describe soil characteristics that influence fumigant effectiveness.

Know the importance of soil sealing and aeration associated with fumigant use.

Describe a simple method for determining the fumigant application rate.
4. 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.

5. This table provides a general summary of some of the common soil fumigants used in agricultural systems in Florida. A general pesticidal activity rating is provided for control effectiveness of nematodes, plant diseases, and weeds, along with the maximum use rates for each of the materials. Methyl  bromide has been the industry standard fumigant for 40 years. Even though it has provided consistently excellent pest control, its production and use has been continuously reduced in recent years as a result of the EPA regulatory implementation of the U.S. Clean Air Act and provisions of the Montreal Protocol Agreement. The other fumigants listed in this table are not as consistent in pest control: chloropicrin excellent plant disease control, but virtually no activity on nematodes and weeds; methyl iodide, with the proposed trade name of Midas, has yet to receive a full registration from EPA; but, it does show promise in its activity. 1,3-dichloropropene, sold as Telone, shows good to excellent activity on nematodes and, if used at high rates, is good to excellent on plant disease control, but has poor weed control aspects; metam sodium and metam potassium are erratic in their pest control activity on all classes of pests.

6. 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 presentation.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. Nematodes are tiny, transparent, unsegmented, round worms, varying in size from 1/300 to 1/3 inch long. Several thousand species are known, but a relatively small number of these are considered plant parasites. Plant parasitic nematodes attack small, succulent feeder roots. Their needle-like mouthparts puncture plant cells and suck out the contents. They reproduce by laying eggs. Nematodes live either in the water film in and around soil particles and plant tissue, or within plant tissue. Ectoparasitic plant nematodes remain on the outside of the plant. Most ectoparasitic nematodes migrate freely over the root surface, while some species remain at one point to feed. Endoparasitic nematodes move into the plant tissues to feed. They may move in and out of roots or remain sedentary within the root. At certain life stages, endoparasitic nematodes are present in the soil.

13. Fungi are plant-like organisms that lack chlorophyll. This means they must obtain nutrients from other sources, such as plants, animals, or organic matter. Most fungi reproduce by spores. Fungal spores germinate into thread-like filaments called hyphae that grow, secrete enzymes, absorb nutrients, and release chemicals that induce plant diseases. Some soil fumigants are effective in controlling soil fungi. Some bacteria that cause plant diseases also live in the soil. Bacteria are small, one-celled organisms that reproduce by simple fission. They obtain nutrients from plant cells and generally need some type of injury or natural opening to enter plants.

14. There are several insects and insect relatives that live in the soil and are pests of plants. The insects are generally immature stages of beetles and flies. These two groups of insects undergo complete metamorphosis, which means they go through four distinct stages of development from the egg to an adult. These stages are egg, larva, pupa, and adult. It is usually the larval stage that causes damage, though some adults will also feed on underground plant parts. Some soil fumigants are successful in controlling soil insects.

15. Weeds are pests that compete with desirable plants for space, water, nutrients, and light. These unwanted plants increase maintenance costs and may act as alternate hosts for nematodes, insects, and diseases. Some fumigants control weed seeds and germinating weeds.

16. There are several soil fumigants on the market. The challenge faced by a professional applicator is to select the best product for the target pest and situation. Boiling point, molecular weight, specific gravity, and flammability are different for all fumigants. Each characteristic makes a fumigant act a certain way under certain conditions. Understanding these factors in how they affect an application will help the selection process. A summary of these factors for some of the commonly-used fumigants is shown in the table here. Always consult the label and material safety data sheet for each product. They will contain information on the characteristics reviewed in this tutorial.

17. Boiling point is the temperature at which a fumigant becomes a gas. Most fumigants reach their boiling point between -125.9°F and 233.6°F. Low-boiling fumigants become gases below room or moderate outdoor temperatures - 68°F to 77°F. To stabilize these chemicals, manufacturers keep them as liquefied gases under pressure in cylinders or cans. Fumigants with boiling points higher than 68°F, high-boiling fumigants, are initially liquids at normal fumigation temperatures. While these chemicals have slow evaporation rates, they will eventually vaporize during treatment. To use these products, a warm day or warm greenhouse will be needed. Boiling point also indicates the vapor pressure of a fumigant. In general, the higher the boiling point, the lower the vapor pressure, and the slower a fumigant will change to gas.

18. Some fumigants, such as phosphine, are extremely flammable. Formulations of flammable fumigants may contain fire retardants. For example, some products that produce phosphine also produce ammonia and carbon dioxide. However, the best way to prevent fire hazards is to apply and dispose of fumigants properly. Always read the label information to learn which conditions favor fire or explosions. The label information will describe how to avoid these problems.

19. Since 1993, when methyl bromide was added to the class I category of ozone depleting substances, a phaseout date of 2005 was announced. Every other year, methyl bromide production and importation is reduced. In 2001, it was reduced an additional 25% as a result of the EPA regulatory implementation of the U.S. Clean Air Act and provisions of the Montreal Protocol Agreement. At the time of assembling this presentation, not only has the availability been reduced, but market competition among the different end users is intensifying and redefining how remaining methyl bromide supplies are allocated. Agricultural uses of methyl bromide that remain legal are deemed as “critical use.” A couple of critical use commodities important to Florida’s economy include tomato and strawberry. Without methyl bromide, production of these commodities would be virtually impossible.
20. Methyl bromide is registered as a pre-plant treatment on food crops, including Florida citrus, ornamentals, turfgrass, vineyards, deciduous fruit and nuts, nursery sites, tobacco transplant beds, and greenhouse soils. It is a liquefied gas when it is stored under pressure in 1 or 1 ½-lb cans or in cylinders containing several hundred pounds of product. The compressed liquid readily vaporizes into gas when the cans or cylinders are opened in temperatures above 39°F. Methyl bromide is odorless, non-flammable, and generally not irritating to the eyes or skin during exposure but serious skin or eye injury may appear later. Since methyl bromide by itself has no irritating qualities to indicate its presence, many formulations contain chloropicrin as a warning agent. Chloropicrin has a strong odor and is very irritating to the eyes. All methyl bromide formulations registered for soil fumigation must contain chloropicrin. Mention of methyl bromide as a soil fumigant in this tutorial is with the understanding that chloropicrin is part of its formulation.

21. The Florida-Specific Methyl Bromide Law became effective in 1991. It contains provisions which include:

*Any formulation of methyl bromide registered for distribution and sale in Florida for soil fumigation shall contain a minimum of 0.5% chloropicrin as a warning agent.

*A designated agent, which is a commercial applicator, a grower, or grower’s employee who is a certified applicator, must be present at the application site during all phases of methyl bromide application or handling.

*The use of any non-purgeable methyl bromide application apparatus is prohibited.

22. This law also has application and safety equipment requirements including:

*Teflon® hoses reinforced with stainless steel wire braid or its equivalent between any fumigant container and the flow divider. Lines from any flow divider to the point on injection shall be of materials approved by the manufacturer for methyl bromide service.

*Injection apparatus of a length sufficient to insure an injection depth of not less than 6 inches below the soil surface unless amended product labeling approved by the Department states otherwise.

*Soil shall be adequately sealed by rolling, tarping, or packing to prevent escape of methyl bromide.

*Operator seats located over injection apparatus shall be in such a position to prevent worker exposure.

Regarding Safety equipment:

*At least 5 gallons of potable water shall be kept on the application equipment clearly marked “Decontamination Water – Not To Be Used For Drinking.” An additional supply of water, not less than 5 gallons, so marked, shall be kept at a separate location on the application site.

*A self-contained breathing apparatus shall be on site, but not located on the application equipment.

23. The full details of the Methyl Bromide Law may be consulted in this web-based UF/IFAS document. The link to the document is shown on this slide.

24. Chloropicrin has general biocidal activity. Because it is contained in methyl bromide formulations for soil fumigation, it is labeled for essentially those same sites. Products containing chloropicrin as its sole active ingredient list wireworms, nematodes, and plant diseases caused by certain species of Pythium, Phytophthora, Fusarium, and Verticillium. When it is added to methyl bromide at concentrations greater than 2%, it is considered to be an active ingredient that augments the fumigant activity of methyl bromide. Chloropicrin should not be used at temperatures below 40°F. It is a colorless or slight yellow – oily liquid, also known as “tear gas.” It is considered to be corrosive to eyes, the respiratory tract, and skin. Products have the danger – poison with skull and crossbones signal word to its acute toxicity through any exposure route. According to its MSDS, chloropicrin is not carcinogenic, teratogenic, but has been shown in one strain of laboratory bacteria to be weakly mutagenic.

25. Metam sodium that is used as a soil fumigant is a liquid, most commonly sold under the trade name, Vapam®. The potassium form is sold as K-Pam®. These are labeled for use on sites that grow ornamentals and food and fiber crops. Various weeds, nematodes, symphylids, and soil-borne plant pathogens including Rhizoctonia, Pythium, Phytophthora, Verticillium, Sclerotinia, Oak Root Fungus, and Club Root of Crucifers are listed on their labels. Vapam® and K-Pam® are not classified as restricted use. Several metam sodium products, Sodcure® and Turfcure®, are labeled for use on turfgrass sites. Those two products are classified as restricted use pesticides. Following application, metam sodium and metam potassium react with moisture to convert to methyl isothiocyanate (MITC) and hydrogen sulfide, which are poisonous, volatile gases.

26. Its signal word is danger because it is corrosive and causes skin damage. Following conversion to gas, MITC emits a horseradish-like odor and can be very irritating to the eyes. Hydrogen sulfide has a rotten egg odor and deadens the nose so that the odor may no longer be detected, although exposure is still occurring. Laboratory animal studies have shown that metam sodium causes some carcinogenic and developmental effects. However, exposure monitoring studies conducted during agricultural applications have shown that human exposure is extremely low; therefore, any potential risk to humans from metam sodium and metam potassium exposure is considered minimal. It is corrosive to brass, copper, and zinc, and may soften and/or discolor iron.

27. Some refer to this soil fumigant as 1,3-D, for short. Some of the common trade names include InLine®, Telone®, and Curfew®, sold as restricted use pesticides because of acute inhalation toxicity and carcinogenicity. Curfew® is labeled for turfgrass sites, such as golf courses; but, not for turfgrass that is being grown for sale, such as sod. Its primary use is for control of parasitic nematodes, but its label also states that mole crickets are controlled at the time of application. Telone® is sold formulated alone or in combination with chloropicrin. Alone, it is labeled for control of several types of plant parasitic nematodes and suppression of Fusarium wilt of cotton. In combination with chloropicrin, the pest control spectrum is broadened to include several additional soil-borne diseases and insects, including wireworms and symphylans. InLine® is also a combination of 1,3-D and chloropicrin and has a similar control spectrum as Telone®. Applicators in Florida should be aware that there are some additional use restrictions with 1,3-D products in regards to soil characteristics present in some counties. Another restriction is that there are certain methods that may or may not be used to apply 1,3-D products – individual product labels should be carefully consulted. Precautions to be aware with handling 1,3-D are that it is flammable and can be corrosive under certain conditions.

28. Curfew® is labeled for turfgrass sites, such as golf courses; but, not for turfgrass that is being grown for sale, such as sod. Its primary use is for control of parasitic nematodes, but its label also states that mole crickets are controlled at the time of application.

29. Dazomet is sold as Basamid® in a granular formulation and is not classified as restricted. Like metam sodium, when it is activated, MITC is released. Dazomet has a wide variety of target pests listed on its label, including many annual weeds and weed seeds, nematodes, and soil-borne plant pathogens. Its labeled sites include compost piles, golf greens and tees, potting soils and media, seed and propagating beds, non-bearing crops, and renovation of turfgrass, ornamental, and field nursery sites. Since dazomet is toxic to living plants, it should not be applied within 3 to 4 feet of growing plants or closer than the drip line of trees and large shrubs. Use of dazomet when soil temperatures are greater than 90°F is not recommended. Storage precautions to take with dazomet are that it needs to be held below 95°F or it will decompose, and it must be kept dry or its fumigant vapors will be released.

30. Aluminum phosphide has some specific agricultural uses for control of burrowing pests, such as moles. Upon activation, phosphine gas is released and is the formulation’s toxic component. Because of acute inhalation toxicity of phosphine gas, it is classified as a restricted use pesticide. Formulated products contain a contaminant that has a garlic-like odor; however, phosphine gas itself is odorless. Under some circumstances, the garlic odor may not be present, so it should not be assumed that the area contains no levels of phosphine gas. Several trade products are available for this use and formulated into pellets and tablets. Pellets or tablets are dropped through a 4- to 5-foot length of plastic pipe, such as PVC into an active burrow then the burrow is sealed to retain the released phosphine gas. The use of this material for burrowing pests is only for outdoor uses and must not be made within 15 feet of a building occupied by humans and/or animals. Phosphine can be flammable, so it should be stored away from heat.

31. At the time of assembling this presentation, methyl iodide and dimethyl disulfide have not received full EPA registrations. It is proposed that methyl iodide will be sold by the trade name, Midas® and dimethyl disulfide by the trade name, Paladin ®. The development of these soil fumigants targets to serve as a replacement for methyl bromide. According to the EPA, they are not ozone-depleting soil fumigants, unlike methyl bromide. It is anticipated that they will fill in some of the same niches as methyl bromide, including strawberries and tomatoes.
32. 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.

33. 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.

34. 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.

35. 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). 

36. 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.

37. 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. 

38. 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.

39. 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.

40. 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.

41. 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.

42. 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.

43. 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.

44. 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.

45. 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.

46. 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.

47. 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.

48. 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.

49. We’ve discussed the importance of applying the correct fumigant rate and the problems that can occur by not doing so. There are two basic calibration methods: you can measure the amount of material applied over a known area, or collect volume of fumigant delivered over a specific time and then measure the distance and area covered in the same time interval. But, the bottom line is to know what you’re doing and use common sense. Let’s look at an example of one of these two methods. Here, we’ll look at an example of each measuring the amount of material applied over a known area and collecting volume delivered. We’ll assume we’ll be making an application of a liquid fumigant with a shank applicator.

50. This method is useful for gravity flow and ground driven systems – practical for most applicators of soil fumigants in agricultural systems. There are only a few simple steps needed to achieve this:

*Apply the fumigant over a pre-measured small area.

*Measure or weigh the amount of fumigant used over that area.

*Then convert that amount to a per acre basis. This can be done with the formula shown here. By using this formula, L stands for the length of the test site, W is the width of the effective swath of the application rig, R is the rate of the fumigant that you wish to apply, and 43,560 square feet is a number that you should always keep in the back of your mind. It is the number of square feet in one acre – an easy conversion factor to use.

51. Here’s an example with our shank applicator. This rig has 7 shanks that cover an effective swath treatment of 8 feet. The label tells us to apply 20 gallons of fumigant per acre. We run the rig over a 100-foot test strip. So, how much should the equipment deliver if calibrated at 20 gallons per acre?

52. Here’s how the math looks for this example. Plugging our values into the formula, we have 8 by 100 feet by 20 gallons divided by 43,560. This gives us the amount 0.367 gallons. Converting this to ounces, we divide by 128 ounces – the number of ounces in one gallon. This is an equivalent of 47 ounces for the system. The conversion factor, 128, is another one of those numbers that is good to keep in the back of your mind. Since we have 7 shanks, this means there is should be an average output of 6.7 ounces from each nozzle on the shank. We would want all nozzles to be within 10% of the 6.7 ounce output. The nozzle tip uniformity will influence the pattern uniformity. As we learned, without uniformity, we can suffer crop damage or less than ideal pest control. If we need to make adjustments to the output rate, we can alter pressure, application speed, or change nozzles to a different size.

53. Measuring the amount of fumigant releasing during a known time is the preferred method for calibrating pump driven equipment. With volatile liquids – measure flow rate and convert to an area basis. For safety reasons, with liquefied gases – do not attempt to capture the gas – pre weigh the cylinder – release gas for a set time and then re-weigh the cylinder and convert to an area basis – weight and time provide the basis for all calculations. Flow meter readings can be used as well.

54. Here’s an example using this method. If the labeled rate for a broadcast application of methyl bromide is 180 pounds per acre using metallized mulch, how many pounds of fumigant should be delivered during a 30-second test run by equipment that has a 10-foot swath and is traveling at 2.4 feet/second? The formula to use is shown here, where L is the length that we cover with the rig, W is the effective swath width of the rig, and R is the labeled fumigant rate.

55. Here’s how the math appears. We see that if we’re traveling at a rate of 2.4 feet per second and we time the test for 30 seconds, then the rig would cover a linear distance of 72 feet. We convert to square feet and enter our rate of 180 pounds. When we re-weigh our cylinder, it should weigh about 3 pounds less than it did when we pre-weighed it.

56. We thank these universities and organizations for contributing photographs. Special appreciation is extended to Gene McAvoy, UF/IFAS Extension Agent, for use of selected information.
