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Methyl bromide is an important soil fumigant for California’s floriculture industry. Many
growers have relied heavily on its use to produce certain crops economically. It is generally
highly effective in controlling important soil inhabiting pathogens, insects, weeds, and
nematodes. However, because it has been identified as depleting atmospheric ozone, production
and use will end in 2005 under international treaty. The industry is not adequately prepared with
chemicals or other alternatives, and therefore, developing methyl bromide alternatives is a high
research priority.

The purpose of this paper is to give a brief overview of the characteristics of the
floriculture industry, describe the industry’s critical uses of methyl bromide, describe some
possible chemical alternatives, and discuss ongoing field research evaluating alternative
chemicals and alternative soil sterilizing techniques such as steaming and solarization.

Floriculture industry characteristics

California floriculture’s farm gate value exceeds $500,000,000. It consists of greenhouse
and field production of flowers and foliage in containers or for cut stems. Production is mostly
located along the California coast where the ocean’s influence moderates temperatures in winter
and summer and provides for relatively high winter light. The location is important for
maximizing flower and plant quality, minimizing heating and cooling requirements, and
providing a close proximity to urban markets and air and truck transportation.   Many different
high-value crops are produced that require the highest quality standards so they can be marketed
in an increasingly competitive market. Some growers may be growing over 300 different
floricultural crops.

Methyl bromide is important to the floriculture industry

Each crop and site has its own complement of soil inhabiting diseases, insects,
nematodes, and weeds. Given the numerous crops, site diversity, intense competition that strains
profit margins, and the absolute need to maintain very high flower quality, this industry faces
extraordinary challenges in researching methyl bromide alternatives and adapting them into
practice. Where do you start first?

Floricultural crops that are grown in containers are either not using methyl bromide or
they are already using steam as an effective means to sterilize soil. Container soils are often
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steam sterilized or do not require sterilization if they are composed of reasonably pure
components such as peats, composted barks, or coconut coir.

Floricultural crops that are grown in field or greenhouse soil probably have the greatest
needs for soil sterilization and therefore methyl bromide alternatives. Field or greenhouse crops
are usually planted in many small-acreage plots, making it difficult to micro-manage with
complicated soil sterilization procedures. Rotation of crops is frequently not possible because of
the limited production area available to the grower. The frequent need for repeated plantings in
the same production area could lead to increasing problems with soil inhabiting pathogens,
weeds, insects and nematodes.

Methyl bromide has been used as an effective herbicide to control many significant
weeds found in flower crops. Preemergence herbicides are not available for many of the field
flower crops because of insufficient information about a crop’s tolerance to preemergence
herbicides, the lack of crop tolerance to the existing herbicides, or lack of chemical registrations.
There are no registered preemergence herbicides in greenhouses. Growers in greenhouse and
field flower crops usually rely on methyl bromide to control weeds, or when there are no
adequate selective preemergence herbicides, growers must resort to expensive hand labor to
weed crops.

There are several important California bulb crops such as calla (Zantedeschia spp.) that
can become weeds in subsequent crops. Methyl bromide fumigation is a standard practice
between these crops because previous crops may contaminant other pure stands of subsequently
planted calla cultivars or other cut flower crops. In addition, these rogue callas can contaminate
subsequent calla crops with fungal and bacterial diseases. These diseases are the major limiting
factors of calla production.

Methyl bromide is used to control many major soil inhabiting diseases. Of particular
importance are Fusarium oxysporum and Verticillium spp.  These serious fungi are not controlled
by post-plant fungicides so they must be controlled before the crops are planted. Often
chloropicrin is added at concentrations above 30% to enhance the fungicidal effect. Carnation
fusarium wilt caused by the fungus Fusarium oxysporum f. sp. dianthi is particularly devastating.
If the fungus is not controlled, the entire crop can be killed in as little as one year.

Methyl bromide is used to control soil-inhabiting nematodes. In greenhouses, there is
only one registered post-plant product for nematode control and it is frequently only marginally
effective.

Presently there are few significant soil-inhabiting insects. There could become bigger
insect problems when methyl bromide fumigation is not available. Some producers of dried
flowers and foliage kill stored-product insects with methyl bromide fumigation. Some insects
can be controlled post-plant with soil applied insecticides.
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Possible chemical alternatives to methyl bromide

Funding has been limited to look at alternatives to methyl bromide specifically for
floricultural needs until recently. Much of the knowledge of chemical alternatives come from
research in other agricultural industries, particularly from the strawberry industry.

Although many alternatives in controlling pests in the soil or post-harvest situation exist
for specific situations and crops, there is no known substitute for the broad spectrum of pest
control and ease-of-use characteristics with methyl bromide fumigation. These chemical
alternatives were Chloropicrin, Telone II, Vapam/Basamid, methyl iodide or combinations of
these. A summary of the advantages and disadvantages and registration status for ornamentals
follows.

Methyl iodide has similar efficacy and application techniques as that of methyl bromide.
However, it apparently is broken down by sunlight quickly into non-reactive components that
would not harm the ozone layer. The company MIF Partners, L.L.C has licensed the University
of California Patent covering the use of methyl iodide for soil fumigation. The company is
seeking registration but the registration processes is, of course, time consuming, costly, and there
are many uncertainties in the process.

Choropicrin is known primarily for its use as an additive to methyl bromide. In small
proportions (2%) it is the warning agent in an otherwise odorless methyl bromide application. In
greater proportions (33 to 43 %) it is an important additive to increase control of certain soil
inhabiting pathogens. Alone or in combination with other methyl bromide alternatives, it has its
strength for disease control and limited activity for weed and nematode control. Chloropicrin,
known more infamously as tear gas, has obvious potential application problems especially near
the farming-urban interface. As chloropicrin application rates increase there is evidence that
application buffer zones might need to be expanded.

Telone II (1,3 dichloropropene), a soil fumigant used primarily for nematode control, also
has some limited disease and weed control characteristics. Telone in combination with
chloropicrin has achieved broad-spectrum pest control similar to methyl bromide in some
experiments. The draw back is that the fumigant is a significant air pollutant, has objectionable
odor, and has been taken off the market already once.  In crops where it is registered it has
restrictions limiting its use within a geographical township. It has no greenhouse and limited
ornamentals registration. The registrant is looking at reducing loss into the atmosphere with drip
applications and high barrier tarps.

Vapam (metam sodium) and Basamid (dazomet) react with soil moisture to form methyl
isothiocyanate, a fumigant that can provide good control on soil inhabiting nematodes and
certain weeds. Disease control has been somewhat limited. The effectiveness of these products is
dependent on good application techniques. Vapam, a liquid, requires the use of the proper
amount of water and application technique to move the fumigant into the soil. Basamid, a
granule, requires the proper incorporation of the granule and soil moisture, and it is effective
only to the depth of incorporation. Both need tarping for maximum effectiveness and several
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weeks, for a waiting period, before treated soil can be planted. Basamid is registered for
greenhouses but Vapam is not. Both are registered for ornamentals.

Control of Fusarium wilt in carnation with chemical and heating alternatives

One of the critical uses of methyl bromide in the floriculture industry has been for control
of fusarium wilt of carnation caused by the soil-inhabiting fungus Fusarium oxysporum f.sp.
dianthi. In two separate experiments, in 1995 and 1996, investigations were conducted to look at
alternatives to methyl bromide. Experimental plots in a commercial carnation nursery were
established in ground beds that were initially heavily infested with F. oxysporum f. sp. dianthi.
Treatments included: (1)Methyl bromide (1 and 1.5 lb/100sq.ft), (2) Methyl iodide (1 and 1.5
lb/100sq.ft),  (3) Basamid (up to 1.22 lb/100 sq. ft.) (5) Ohmic heating.  Ohmic heating was
created by producing an electrical field across the plots with a 220V, 20 amp circuit.  A series of
3 foot long steel rods were driven into the ground to a depth of 2 feet along the sides of the plots.
Rods on one side of the plot were connected in series to serve as anodes and the other side of the
plot the rods were connected in series to serve as cathodes (6) Soil steaming. Pressurized steam
was distributed with a single pipe manifold laid down the center of the plot and covered with a
heavy plastic tarp used for this purpose.

The long-term efficacy of treatments was determined by periodic assessments of
carnation mortality in each plot. For the first six months, mortality was lowest in the ohmic-
heated and methyl iodide fumigated beds, highest in the Basamid treatment, and intermediate in
the methyl bromide treatment. This pattern became very pronounced after 12 months, with up to
70% mortality in the Basamid treatment. However, with the onset of warm summer
temperatures, disease progressed rapidly in all treatments, resulting in virtually 100% disease
throughout the plot after 15 months.

After two field experiments, it is clear that no treatment provides effective control of
Fusarium wilt for carnations grown in ground beds. Indeed, since the conversion to hot gas
application techniques that became necessary in 1995 methyl bromide itself is no longer
effective in providing more than 6-12 months protection. (Before 1995, most flower producers
hired commercial methyl bromide applicators to shank-inject and tarp methyl bromide with
tractor driven rigs. This method apparently was highly effective but there were concerns about
the safety of the application method to the tractor driver. As a result, in 1995 greenhouse
applications were restricted to only a “hot gas” application method. In this method, methyl
bromide is heated outside the greenhouse and distributed with manifolds and tubing under the
plastic tarps that cover the treatment area).

Control of Fusarium wilt in carnation with soil steaming and raised beds

Experiments were conducted on methods to effectively steam-treat raised production
beds. This work has included evaluation of steaming duration, manifold number and placement,
effects of soil moisture, effects of the presence of soil clods, and methods to prevent or slow re-
colonization of steamed beds. There has been success in eliminating pathogens from raised beds
with steam treatments. The solution to Fusarium wilt control lies in conversion to raised beds and
steam sterilization.
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Soil solarization and enhancement along the cool California coast

Soil solarization has been used to control weeds, soil inhabiting pathogens, and some
nematodes in the inland valleys of California where high solar radiation and air temperatures
provide the needed heating to make it effective. The cool coastal locations of the floriculture
industry limit the use of solarization as an alternative to methyl bromide fumigation. The purpose
of several experiments over the last two years was to evaluate the effectiveness of solarization
treatments alone and supplement those treatments to enhance their effectiveness in the cooler
region of the central California coast.

Three coastal experimental sites were established, one of them along the immediate coast
within a couple hundred yards of the surf. The fields were cultivated and normal bed widths were
formed. In most experiments, calla bulbs were placed in the soil to determine the herbicidal
effect on the bulbs and the effectiveness of the treatments on diseases that the bulbs apparently
carried. The standard solarization treatment consisted of a single layer of clear polyethylene tarp
(Climagro 1.1 mil) placed over a moist bed for 4 or 6 weeks. Weed control was evaluated 4 or 6
weeks after solarization started. After 4 or 6 weeks, weeds were removed and counted within a
0.25 2 quadrat, dried and weighed. Temperatures were monitored at 5 and 15-cm depths in
solarized and untreated plots.

 Other treatments consisted of (1) composted chicken manure (8T/A) spaded into the bed
to 3 inch depth, with or without solarization,  (2) corn gluten meal 20 to 40 lb/1000 ft2 spaded
into the bed to 3 inch depth, with or without solarization, (3) broccoli residue (5 dry T/A) with or
without solarization, (4) acetic acid (5% vinegar, 300 gpa) applied into 1-inch holes, six inches
deep, spaced about 6-inches apart and 6 weeks solarization (5) liquid ammonia (300 gpa) applied
into 1-inch holes, six inches deep, spaced about 6-inches apart and  4 weeks solarization (6)
metham 50 and 100 gpa applied into 1-inch holes, six inches deep, spaced about 6-inches apart,
with or without solarization.

Preliminary data indicate that there were no treatments that effectively killed calla bulbs.
Soil solarization significantly controlled most annual weeds, however,  purslane was usually left
not completely controlled. Solarized broccoli was the outstanding treatment in all 3 coastal areas.
This treatment was just as effective as metham in the two experiments where they were
compared.
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