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Key Points 

 There is very little data available to conduct a thorough analysis of benefits of fumigation 

to ornamental producers. 

 For minor uses such as ornamentals, there are few chemical alternatives to fumigants.  

Research is on-going to operationalize promising non-chemical alternatives such as 

anaerobic soil disinfestation. 

Technical Summary 

Ornamental crops include bedding plants, potted flowering plants, cut cultivated greens and 

propagative floriculture materials.  (Cut flowers are discussed in a separate case study.)  The 

combined wholesale value of these categories of the floriculture sector was nearly $3 billion in 

2011 for operations with at least $100,000 in sales, or 75% of the total wholesale value of all 

floriculture crops [2].  California is the leading state in terms of total wholesale value for these 

five categories, followed by Michigan and Florida (See Table 1.)  Bedding and garden plants are 

the largest contributor to the total wholesale value in the floriculture sector, representing 48% of 

the total in 2011 [2].   California leads in total wholesale value of annual bedding/garden plants, 

herbaceous perennial plants and potted flowering plants, while Florida leads in cut cultivated 

greens and propagative floriculture material [2].   

Fumigants are heavily used in certain segments and geographies of the industry and not as 

widely in others.  However, there are few statistics on fumigant use by ornamental growers.  

According to the most recent USDA NASS statistics, the use of individual fumigants was 

reported by up to 9% of operations for a particular crop category in a specific state in 2009 [3].  

Tables 2 through 5 show the percent of operations reporting the use of fumigants for annual 

bedding plants, herbaceous perennial bedding plants, potted indoor flowering plants and 

floriculture propagative material.  There was no reported use of fumigants for cut cultivated 

greens in 2009.  Fumigants are believed to be used most often in the production of caladium 

tubers and chrysanthemum propagative material in Florida, ranunculus and calla lily bulbs in 

California (included in cut flowers case study), herbaceous perennials in Michigan, ornamental 

bulbs in Washington, Easter lilies in northern California and southern Oregon and orchids, lei 

products, potted plants and other nursery products in Hawaii [1]. 

Caladium is an ornamental plant that is grown from tubers.  Approximately 95% of the world’s 

caladium tubers are produced in the area around Sebring, Florida [4].  Growers produce tubers 

that are sold either to greenhouses to grow out the plants in containers or directly to consumers.  

Methyl bromide is used under critical use and quarantine and pre-shipment exemptions to control 

nematodes, diseases and weeds, including off-variety “rogue” plants [5] [6].  Caladium tubers 

must meet nematode-free certification requirements for some states and international markets 

[6].  Fusarium tuber rot, caused by Fusarium solani, is the most important disease that affects 



 

 

caladium tuber quality and quantity [7].  Given the long growing season of 8 to 9 months, weeds 

can be a problem even after soil fumigation.  Growers have developed weed control programs 

using herbicides such as oryzalin and metolachlor, which are used in combination with methyl 

bromide [8].  If fumigants were no longer available and growers did nothing, nematodes 

populations would quickly overwhelm caladium production fields making production impossible 

[13].  There are few non-fumigant tools available for use in Caladium, and pest control standards 

are high given certification requirements.  Steam treatment is not feasible because of the cost of 

fuel and the lack of equipment to treat sizeable acreage in a timely way [11].  Identification of 

cultivars with resistance to Fusarium tuber rot will facilitate the development of new Fusarium-

resistant varieties [7]. 

The most promising alternative to fumigation for caladium production may be anaerobic soil 

disinfestation (ASD) combined with solarization [11].  ASD systems involve the incorporation of 

organic amendments such as composted poultry litter and molasses, irrigation and tarping with 

plastic.  Although research on ASD is limited, the results of a two year trial in pepper-eggplant 

rotation in Florida suggested that ASD combined with solarization may provide efficacy that is 

comparable to methyl bromide fumigation for management of soilborne plant pathogens and 

plant parasitic nematodes in Florida raised-bed vegetable production [10].   The development of 

ASD systems for vegetable and ornamental production is ongoing to optimize and streamline the 

process.  The costs of ASD will include capital costs of equipment such as irrigation systems, 

manure spreaders, disk systems and plastic layers, but have not been estimated [11].  Trials have 

not yet been conducted on ASD for caladium production.   

Chrysanthemum propagative material is also produced in Florida.  Chrysanthemum cuttings are 

grown for sale to producers who grow potted flowering chrysanthemums or cut flowers [1][4].  

Fusarium wilt caused by Fusarium oxysporum f. sp. Chrysanthemi is one of the most widespread 

and destructive diseases of this crop.  The goal of the commercial chrysanthemum propagator is 

to produce 100% pathogen-free cuttings in order to prevent the spread of F. oxysporum, as well 

as other pathogens, some of which are subject to quarantine standards in some states [4].  No 

research was located on alternatives to fumigation for chrysanthemum propagative material. 

Herbaceous perennial production in Michigan includes species such as Delphinium, Hosta and 

Phlox, which are grown in open fields.  Nurseries use methyl bromide to control nematodes 

(Meloidogyne hapla, Pratylenchus spp., Ditylenchus spp.), diseases (Pythium, Fusarium, 

Phytophthora, Rhizoctonia) and weeds (Cyperus esculentus, Inula brittanica, Ocalis stricta, 

Cirsium arvense, Rorippa sylvestri).  Between 1999 and 2004, methyl bromide was used on 

between 272 and 613 acres of herbaceous perennials in Michigan [6].  Growers cannot ship their 

product without a clean inspection and certification from the Michigan Department of 

Agriculture, indicating that the plants are free of nematodes and certain diseases.  Perennials are 

grown on either a 2-year (seeded or transplants) or 3-year cycle (transplants) [6].   In herbicide 

trials conducted from 2004 to 2006, safety and efficacy of herbicides/herbicide combinations 

were evaluated compared to methyl bromide on five herbaceous perennial species in Michigan.  



 

 

Methyl bromide plots had the best weed control and the least amount of crop injury in two year 

for which data were available.  The best herbicide combination was oryzalin and isoxaben, which 

provided greater than 70% control of all but one evaluated weed species, with less than 10% crop 

injury [9].  No other research was located on alternatives to fumigants for herbaceous perennials 

production in Michigan. 

Easter lily bulb production is concentrated in northern California and southern Oregon, an 

industry that supplies the entire US with Easter lilies, as well as a significant export market.  

Bulbs are grown on about 600 acres of coastal land, which are fumigated with 1,3-D and metam 

sodium to control the primary pest, lesion nematode (Pratylenchus penetrans) as well as a range 

of pathogens, such as Pythium and Fusarium [12].  University of California researchers tested 

several natural products along commercial standard nematicide products.  Bulbs in the untreated 

control plots were very poor, unsalable.  When used alone, the natural products tested did not 

perform well enough to replace a commercial standard [14]. 

 

Estimated Impacts 

Although the use of fumigants is common in some segments of the ornamentals industry, data on 

which to base estimates of the benefits of soil fumigants are scarce.  Here we estimate the 

impacts for caladium production in Florida and for herbaceous perennial production in Michigan.   

Caladium growers are assumed to face 100% losses if fumigants were no longer available and no 

alternative pest management is used, due to the high level of pest pressure and the need to meet 

pest free certification standards.  Net revenues have been estimated at $1400/acre using methyl 

bromide [6].  Therefore, total losses for the 1586 total acres of caladium production in Florida 

are estimated at $2.2 million. 

For Michigan herbaceous perennial production, growers are also assumed to face 100% losses if 

fumigants were no longer available and no alternative pest management is used, due to the need 

to meet pest free certification standards.  Net revenues have been estimated at $30,564 using 

alternatives to methyl bromide.  Assuming a total production area based on pre-phaseout methyl 

bromide use, total losses for herbaceous perennial production are estimated at $21 million. 

West coast Easter lily bulb producers are assumed to face 100% losses if fumigants were no 

longer available to no alternative pest management is used.  Losses are estimated at between $6.5 

and $7 million for the entire industry [13]. 

Estimated benefits of fumigants if the best non-fumigant alternatives were used are not made 

here due to a lack of information on which to base calculations.   
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Table 1.  Wholesale Value of All Sales, Select Floriculture Categories, 15 Program States 

2011 (Operations with $100,000+ sales) 

States Annual 

bedding/ 

garden plants 

Herbaceous 

perennial 

plants 

Potted 

flowering 

plants 

Cut 

cultivated 

greens 

Propagative 

floriculture 

material 

CA 246,571 59,464 243,436 55,219 55,219 

FL 73,667 53,294 114,162 81,713 81,713 

HI D D 13,567 D D 

IL 41,059 40,905 23,630 3,310 3,310 

MD 55,418 17,861 4,163 9.939 9,939 

MI 203,533 57,093 27,138 67,981 67,981 

NJ 68,148 39,556 25,686 23,232 23,232 

NY 77,071 25,672 24,182 22,121 22,121 

NC 142,499 41,511 35,870 D D 

OH 85,988 40,788 38,575 23,451 23,451 

OR 50,831 26,134 15,989 4,584 4,584 

PA D D 27,303 20,146 20,146 

SC D D 8,711 D D 

TX 162,995 33,798 31,003 9,238 9,238 

WA 60,078 41,465 6,917 29,337 29,337 

Total 1,334,269 562,218 640,332 355,484 355,484 

Source:  [2] 

 

 

Table 2.  Percent of Operations Using Fumigants for Annual Bedding Plants 2009 

Fumigant CA FL MI OR PA TX Total 

Chloropicrin     <0.5  <0.5 

Dichloropropene     <0.5  <0.5 

Metam Sodium        

Methyl Bromide   1    <0.5 

Source:  [3] 

 

Table 3.  Percent of Operations Using Fumigants for Herbaceous Perennial Bedding Plants 

2009 

Fumigant CA FL MI OR PA TX Total 

Chloropicrin        

Dichloropropene        

Metam Sodium    2   <0.5 



 

 

Methyl Bromide        

Source:  [3] 

 

Table 4.  Percent of Operations Using Fumigants for Potted Indoor Flowering Plants 2009 

Fumigant CA FL MI OR PA TX Total 

Chloropicrin 1      <0.5 

Dichloropropene    9   1 

Metam Sodium    9   1 

Methyl Bromide 1      <0.5 

Source:  [3] 

 

Table 5.  Percent of Operations Using Fumigants for Floriculture Propagative Material 

2009 

Fumigant CA FL MI OR PA TX Total 

Chloropicrin        

Dichloropropene        

Metam Sodium        

Methyl Bromide   7    1 

Source:  [3] 

 

 

Table 6.  Estimated Benefits of Soil Fumigants in Ornamentals, No Alternative Pest 

Management 

 Production 

Area 

Net 

Revenue/Acre 

Total Benefit 

Florida Caladium 1586 $1,400 $2,220,400 

Michigan 

Herbaceous 

Perennials 

618 $30,564 $18,888,781 

TOTAL   $21,109,181 

Florida Caladium production area from [5].  Michigan herbaceous perennial production area 

based on pre-phaseout methyl bromide use in [6].  Net revenues from [6]. 


