Methyl Bromide Alternatives

There are several publications and case studies which describe alternatives to the use of methyl bromide. These documents can either be read online or printed, or a hard copy of the document can be obtained by placing an order online at our bookstore http://wwfw.earthprint.com.  
For general Information on validated alternatives to methyl bromide by the Methyl Bromide Technical Options Committee (MBTOC) click here.
Soil Use:

Non-Chemical Alternatives
1. Hot Water Technology
2. Steam

3. Soil Solarisation

4. Soil Solarisation in Orchards

5. Nematode Resistant Cultivars

6. Hydroponics and soil-less system
7. Grafting

8. Compost

9. Biofumigation
Chemical Alternatives
1. Basamid for tree Nurseries
2. Metam Sodium for Fruits and Vegetables
3. Telone C-17 and Tillam
4. Green house tobacco Production
5. IPM Approach
6. Chloropicrin in Strawberry Production
Commodity Use:
1. Controlled Atmosphere
2. Systems Approach
3. Heat treatment for Perishable Commodities
4. Heat Treatments for Timber
5. Irradiation
Structural Use:

1.  Phosphine, heat and CO2
2. Heat Treatments
3. Sulfuryl Fluoride
Please note that some of these alternatives are now commercially available, while others are in an advanced stage of development. In all cases, the information presented does not constitute a recommendation or an endorsement of these products or methods by the UNEP Compliance Assistance Programme or other involved parties. Neither should the absence of an item or pest control method necessarily be interpreted as UNEP CAP disapproval
1. Hot Water Technology

Successful sterilization of the soil using hot water requires proper soil conditions, tillage, and dosage to ensure uniform heating of soil to lethal temperatures. The precise volume of water that is required to treat most fields is dependent upon soil type, ambient soil temperature, the depth of soil to be treated, and the treatment area (i.e., the entire field or seedling beds). Current estimates suggest that approximately 25,000 to 50,000 gallons (94,625 to 189,250 liters) of hot water are required per acre for effective nematode control.
2. Steam
· beneficial for large scale greenhouse growth 

· effectively kills pathogens by heating the soil 

· cost effective 

· neat, clean and easy to use, leaves no toxic residue 

· eliminates need for many pesticides, lethal to all pests 

· requires little aeration time as compared to chemically treated soil 

· adaptable to many situations
3. Soil Solarization
Soil Solarization consists of covering the soil with a clear, polyethylene tarp for 4-6 weeks during a hot period of the earth when the soil will receive maximum direct sunlight. It is used to reduce the damaged caused by a wide range of soil- borne fungi, weed seeds, and nematodes in fields in Israel, Jordan, and California. In Florida, some trials of this process have worked but others have failed. 

This is a new method of soil treatment in order to reduce the use of methyl bromide. Although there are procedures and precautions that must be followed, it does provide some guidelines for those who wish to try it

4. Basamid for the Forest Nursery Industry

Basamid Granular, a chemical soil sterilant for use on forest tree seedling nurseries. When applied to moist soils, the pesticide's active ingredient (tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione) breaks down into methyl isothiocyanate, and has a broad spectrum of effectiveness against soilborne pests including nematodes, fungi and weeds (McElroy 1985, Pennington 1995).
Basamid offers advantages over existing soil sterilizing procedures or chemicals because it is relatively safe, economical, and easy to use. Basamid is a solid material, and, as such, the product stays inert until application. Basamid may be purchased in large quantities and stored easily, and overall, the product may decrease possible worker health risks compared to methyl bromide. In addition, environmental degradation is rapid with a half life of less than 24 hours under favorable conditions.

Basamid Granular

* provides economical, broad spectrum control of soilborne pests
* does not require tarp coverage
* non-persistent in the environment and is not considered to be an ozone depleting substance
* easily stored; 2 year shelf life
Basamid Performs in Commercial and Experimental Field Applications

In experimental and commercial applications, Basamid has been shown to be an effective preplant soil treatment. In tree seedling nurseries, Basamid can effectively control a number of soil-borne pests that affect tree seedlings including root-knot nematodes (Meloidogyne incognita), black root rot caused by Thielaviopsis basicola, and black shank (Phytophthora parasitica f. nicotianae) (Miner and Worsham 1990). In addition, by using Basamid, growers can achieve levels of tree seedling emergence and suppression of Fusarium oxysporium that are comparable to levels observed for seedlings treated with methyl bromide (Littke 1994). 
5. Metam Sodium for Fruit and Vegetable Production

Metam sodium, also sold under the trade names Vapam, Busan, and Sectagon II, degrades rapidly to methylisothiocyanate, the product's primary bioactive agent (Budavari 1994). Used as part of an Integrated Pest Management system, metam sodium is a broad spectrum soil fumigant that can be used to control nematodes, weeds, and fungi affecting a variety of economically important fruit and vegetable crops. Overall, metam sodium is considered a cost effective, technically viable alternative to methyl bromide for controlling soil pests affecting high value fruit and vegetable crops.
Metam sodium is a readily available, moderately toxic, versatile pesticide product. For over three decades, metam sodium has been used in a variety of experimental and commercial applications. By using metam sodium to treat soils prior to planting, fruit and vegetable growers can control tough annual weeds, reduce nematode populations, and control soil-borne pathogens. In California, because of the low cost, ease of application, safety, and effectiveness in controlling soil pests, over 8 million pounds of metam sodium were used in the production of melons, peppers, tomatoes, potatoes, strawberries, nurseries, ornamentals, cut flowers, container plants, forest tree seedlings, citrus, grapes, almonds, artichokes, asparagus, and carrots (CDPR 1995). In general, metam sodium reduces competition from soil pests, promotes healthier crops and higher yields, provides early uniform crop maturity and fruit ripening, and allows growers to greatly increase economic returns by achieving maximum early season yields (ICI 1992). 

Benefits of Metham Sodium

* Cost-effective method to control tough annual weeds, reduce nematode populations, and control soil-borne pathogens prior to planting fruits and vegetables.
* Versatile product used for over three decades. Has been shown to reduce competition, improve plant growth, and increase yields.

Cost Effective Alternative to Methyl Bromide

Metam sodium is not a restricted use pesticide, and does not have to be applied by a certified applicator. In addition, because metam sodium is water soluble and has low volatility, it is the only soil fumigant that can be applied through irrigation systems (ICI 1992). Metam sodium can also be applied through sprinkler or flood irrigation. The release rate of metam sodium depends on several factors including soil temperature, texture, moisture and pH. Prior to application the seedbed must be prepared by ensuring that it is free of clods and by receiving a preplant fertilizer treatment. Additionally, soil moisture must be at least 50 to 75 percent of field capacity, and soil temperatures must be between 40 F and 90 F in the top 2 to 3 inches (ICI 1992).
In addition, although metam sodium has a high aquatic toxicity rating, in general, the environmental and health risks posed by metam sodium are lower than those posed by methyl bromide. One of the greatest advantages to the use of metam sodium, however, is the low cost. Although supplemental pest control activities may be required and would increase the total application costs, metam sodium is safer and easier to use than methyl bromide and it costs less. 
6. Telone C-17 and Tillam 

Benefits of Telone C-17 and Tillam for Florida Fresh Market Tomatoes

- reduces incidence of diseases, especially Fusarium wilt and crown rot.
- suppresses weeds including purple nutsedge.
- achieves similar nematode control as methyl bromide.
7. Greenhouse Systems for the Production of Tobacco Seedlings

The production of tobacco generally involves two steps. Tobacco seedlings are initially grown in either outdoor seedbeds or greenhouses, where they remain for 40 to 60 days until they reach a height of 15-22 centimeters. The seedlings are then transplanted to the field where they complete their growth. The tobacco industry is rapidly shifting from the outdoor seedbed method, which requires fumigating the soil (often with methyl bromide), to on-farm greenhouses, which use floatation systems and steam-sterilized media instead of methyl bromide fumigation. The shift is occurring primarily because seedlings grown in greenhouses are less labor intensive and therefore can be less costly over the long run  

Greenhouse Seedling Production Systems

There are several types of greenhouse production systems including the direct-seeded float system, the overhead watering system, and the plug and transfer system. The direct-seeded float system, which provides plants with water and nutrients through a waterbed, is the most common system. Direct-seeded float systems use a variety of commercially prepared and sanitized media. The most commonly used media preparations contain 50 percent peat and 50 percent vermiculite (Peedin 1994); these man-made mixtures are generally sterilized using steam treatments. 

Benefits of Greenhouse Systems

- greater uniformity of seedlings and flowers
- reduced labor requirements
Non Chemical
- Steam
- Hot Water
- Soil Solarization
- Biofumigation
- Hydroponics and soil-less system 
- Grafting
- Cover Crops
- Resistant plant varieties
- Biological alternatives
 
Chemical Alternatives

None of the chemical alternatives currently registered and available has the full spectrum of activity and versatility of methyl bromide as a pre-plant soil fumigant.

- MITC fumigants (Metham sodium and dazomet) 
- 1, 3-dichloropropene fumigants
- Chloropicrin
- Other chemical options 
1 - Soils

As in almost all countries, the major use of methyl bromide is for soil fumigations. Nevertheless, it represents only 13% of the total soil fumigants. It is used mainly in two types of situations: As a routine , e.g. when rotations are not possible and as an emergency treatment, after a substantial infestation. It is difficult, in this conditions, to replace MeBr.

Soil disinfestation: estimation of hectares treated in 1998

	Compound
	Ha
	% 
	Trend

	Methyl bromide 
	1800
	13.3
	Down

	Dichloropropene 
	6500
	48.0
	Up 

	Metam sodium 
	3000
	22.1
	Stable

	Dazomet 
	1500
	11.1
	Stable

	Steam
	500
	3.7
	Up

	Solarisation
	150
	1.1
	Stable

	Enzone 
	100
	0.7
	Up

	Total
	13250
	100
	


Lots of methods are used in France like in many countries to avoid soil pathogens: rotation, soil- less, amendments, planting time, grafting and many others. 

The principles are to find out alternative techniques allowing for a quick and curative action which could have biological efficacy levels and yields equivalent to methyl bromide. 

Chemical alternatives

Lab and field work are carried out to define efficacy in terms of measurable parameters like CTP for fumigants or temperature for solarisation or steam, etc. and indeed Biomass Weight of and yields.

There are no 'miracle " compounds but better applications methods, mulching, etc.

There are few chemical alternatives: MITC generators (metam sodium and dazomet) for general purpose, dichloropropène for nematodes. All this old compounds are more and more used with plastic films which increase the CTP and then the efficacy.  

Non chemical alternatives

Solarisation remains marginal, but steam increases quickly in greenhouses.

Policy for Methyl Bromide Fumigations

The use of methyl bromide is strictly defined by two laws , 1971 for soil fumigations and 1956, amended in 1986, for other uses. Only licensed persons can buy methyl bromide and carry out fumigations .For soil fumigations, standardised barriers films are currently encouraged and will be the only type allowed after January 1, 2000.  Less than 100 people carry out soil fumigations.

2 - Durables and Wood Products:

Phosphine is currently the only available alternative gas. CO2 or Nitrogen require too much time, gastightness and temperature. IPM, Integrated pest Management, reduces the number of fumigations.

3 - Structures

HCN is currently the only alternative gas directly available. sulfuryl fluoride is also a candidate for the future. IPM reduces the number of fumigations and even replaces them if the building is well-designed for stored product protection.

By the recent report of Methyl Bromide Technical Options Committee (MBTOC), alternatives to Methyl bromide for 95% of its non-quarantine and pre-shipment (QPS) uses have been identified. Although no single, in-kind alternative to methyl bromide was identified, effective alternatives that combine the use of Integrated Pest Management (IPM) systems that utilize various pest management techniques, including crop rotation, natural substrates and compost, biofumigation, soil-less culture, solarization, steam, resistant varieties, plant extracts, biological controls and pesticides have been found to be as good as or better than methyl bromide. 

Alternatives for the treatment of durable (grains, fruits and nuts, timber) include physical control methods (heat treatments, cold treatments, sanitation and preventative practices) and the use of fumigants and gases (phosphine, controlled and modified atmospheres). Alternatives for treatment of perishables include pre-harvest practices and inspection procedures, non-chemical treatments and chemical treatments.



Websites for Methyl Bromide Alternatives for preplant

http://www.mbao.org/

None of the chemical alternatives currently registered and available has the full spectrum of activity and versatility of methyl bromide as a pre-plant soil fumigant. Chloropicrin and 1,3-dichloropropene (Telone) can provide significant control of many plant pathogens in soil and growth stimulation in annual crops. These compounds, however, provide limited control of weeds or other residual plant materials in soil of concern in nursery production systems, and some perennial replant diseases. Methyl isothiocyanate generators such as metam sodium have broad biocidal activity in soil, but are more difficult to apply effectively. In most soil applications, the available alternatives are likely to be used in combinations, either as mixtures (e.g., 1,3-dichloropropene and chloropicrin) or sequentially (e.g., chloropicrin followed by metam sodium). They may also be supplemented with other more specific pesticides and cultural controls. Among the alternatives currently under active development but not yet available, methyl iodide and propargyl bromide probably have activity that most closely parallels that of methyl bromide in soil. However, all of the chemical alternatives to methyl bromide will be subject to continuing review and more regulation. Furthermore, we do not know the actual prospects for registration of the new fumigants currently under development and there is a risk that registered fumigants will not be available for large-scale use in soil
Alternatives to methyl bromide for soil treatments
In 1995, the United Nations Methyl Bromide Technical Options Committee concluded that alternatives exist or are at an advanced stage of development for more than 90% of methyl bromide use. The Committee, made up of 68 experts from 23 countries, identified a wide range of alternatives for many uses of methyl bromide.(4)

4 Methyl Bromide Technical Options Committee. 1995. 1994 Report of the

Methyl Bromide Technical Options Committee for the 1995 Assessment of the

UNEP Montreal Protocol on Substances that Deplete the Ozone Layer. United Nations Environment Programme
There is currently no registered fumigant that can directly replace methyl bromide for all uses. An array of alternative control measures will be required. Such measures include combinations of fungicides, herbicides, and insecticides; replacement fumigants; and non-chemical alternatives, such as cultural changes in cropping systems, development of resistant crops, biological control, and integrated pest management to prevent a buildup of plant pathogens, nematodes, weeds, and insect pests. 
Floating as a soil fumigation alternative in tobacco seed beds

In this system, seedlings are placed in styrofaom trays, filled with commercial substrate (usually composted pine bark, peat and vermiculite added to fertilizer) and kept floating on a small pool of water (10.50x1.4m or 5.25x1.4m and 10m high). A low tunnel (transparent plastic cover) is placed over the pool as a means of managing temperature, rainfall and strong winds. This system has the advantage of reducing the seedling production period of producing even seedlings, or reducing the risk of non-establishment of seedling in transplanting (carries entire clod roots plus substrate) and of improving yield and quality of harvested tobacco leaves.
Methyl bromide alternative for squash, bell peppers, and cucumbers. 
Telone + chloropicrin chisel injected + metam sodium under plastic film mulch and drip irrigation effectively controls root-knot nematodes and soil-borne diseases on squash and cucumbers. Similar treatments plus the integration of a root-knot nematode-resistant bell pepper cultivar is a promising alternative to methyl bromide for peppers.
Solarisation, alone or combined with biofumigation, has gained wider acceptance to replace MB in areas with hot climates and where it suits the cropping season and the pest and disease complex.

Steaming is being adopted for high value crops grown in protected agriculture e.g. greenhouses, particularly when quick turn around times are required or where fumigant use is impractical.

Soilless culture is a rapidly expanding cropping practice, primarily for protected agriculture, which has offset the need for MB, especially in some floricultural crops, vegetables and seedling production. In particular, flotation systems, based on soilless substrates and hydroponics, have replaced over 80% of MB for tobacco seedling production worldwide. The adoption of this technique is currently expanding into cut flower and some vegetable production.

Grafting, resistant rootstocks and resistant varieties are commonly used practices to control soilborne diseases in vegetables, flowers and fruit trees and are being more commonly adopted as part of an integrated pest control system. Although grafting is used widely to control specific diseases of many crops for which methyl bromide is still used, MBTOC did not have the data to determine the extent to which these practices have replaced MB for soil disinfestation.

In addition to the above specific technologies, integrated pest management (IPM) strategies have also been developed for control of pests, diseases and weeds using combinations of a range of other chemical and non-chemical alternatives. IPM strategies have been developed for specific pests, climatic regions and soil types but further development is required in many countries, before IPM can be expected to provide the broad spectrum control that is presently achieved by MB.
Postharvest Commodity Treatment (Including Structural)
