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I. Introduction – Purpose

 his report is an extensive review of work in the field for pest control in floricultural crop production in 
California. It summarizes and describes the research that has been conducted during the last 4 to 5 years 
to evaluate methyl bromide alternatives at the University of California, Davis and working with University 
of California Farm Advisors and industry in grower fields in various parts of California. Literature is 
reviewed from other methyl bromide alternative studies that are pertinent to the floriculture industry.   

Methyl bromide has been available to growers for many years to control the principal soil-borne pests 
as a preplant treatment. It has been tightly regulated and applications have been strictly monitored and 
specialized to enhance the safety of growers, field workers and applicators. Years ago, methyl bromide 
was used primarily as a stand-alone product (97%) with a small amount of chloropicrin (3%) to impart a 
stringent odor to alert applicators of any leakage from equipment or the applied areas. (Methyl bromide 
by itself is an odorless compound.) More recently, with the decline in the quantity of methyl bromide 
available, the concentration has decreased to 50 or 67% with a proportional increase in chloropicrin 
concentration (50 to 33%) for pest control (primarily soil pathogen control). As a side note that is 
important to the grower, there is often an increase in plant vigor after a preplant fumigation with these 
products, even in the “absence” of major pests.

Prior to the ban of methyl bromide in developed countries in 2005, there was a concerted effort to find 
alternatives to control the pest complexes of floricultural crops. New chemistries, different methods of 
application, and different soil coverings (plastics) have been evaluated. 
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Methyl bromide/chloropicrin has most often been applied through special machinery (Figure 1). This 
equipment injects a liquid through tubes in a small area behind a shank in the soil (also known as “shank 

application”) at approximately 18 inches deep, followed 
by immediate tarping with a high-density polyethylene 
tarp. Due to the volatile nature of the gas that is formed 
after injection, the product moves up through the 
soil, killing the organisms that it contacts. Since the 
product’s residual effects are brief and will not be toxic to 
subsequent plantings, the turnaround time between crops 
can be quite short. Plant debris in the soil does not seem 
to be a major problem with this method and product. 
Soil preparation and moisture greatly affect fumigation 
efficiency. (In greenhouses, this method of application 
was banned, but there is some application of methyl 

 bromide/chloropicrin injection under tarps    
 using a “hot-gas” method where the fumigant is 
 heated and distributed under the polyethylene tarp. 
This method has not been as effective for pest control as the shank application). Newer application 
methods use metam sodium or metam potassium through a subsurface blade at four inches, followed by 
incorporation of the material to six inches in moist soil (Figure 2). Dazomet® is applied to the surface 

of the soil as a dry granule and then incorporated. 
These treatments are followed immediately with a 
high-density polyethylene tarp. Newer approaches are 
being evaluated in the field, including application 
through a drip system of different formulations of 
existing pesticides (Figure 3) (see discussion on drip 
application, pg 21).
 
SOIl PREPARAtIOn

Soil should be cultivated to below the depth of 
application, usually with a ripping device. A pre-
irrigation may be required to moisten the soil before 
this cultivation. The soil should be reworked to break 

 up clods and create a seedbed condition. The gases 
will not penetrate large, dry clods and pests inside   
 them will not be well controlled. Approximately  
one week before treatment (depending upon soil 
texture and amount of water applied), the soil should 
be irrigated so that the target organisms become 
biologically active (weed seeds to imbibe water and   
certain soil pathogens to be softened so the  
gases will penetrate).  

Soil moisture at the time of application will vary by 
pesticide. The soil should not be dry at application 
nor should it be saturated. The soil type will also 
dictate the time of application. Sandy soil will tolerate 
application soon after an irrigation while heavy soil 

 will need to drain several days before application.
  

II. Methods of application of soil Pesticides

Figure 1:  Applicator to apply fumigants through shank and 
covering with polyethylene mulch.

Figure 2: Equipment to apply liquid pesticides through a subsurface 
blade, followed by soil incorporation and packing.

Figure 3: Drip bedtop treatment. Polyethylene has been removed 
to show weed control with metam sodium (left bed) and another 
ineffective treatment (right bed) because the chemical did not move 
away from the driplines.
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III. soil Pests of floricultural Crops

SOIl PAtHOgEnS

There are many pathogens that attack floricultural crops and their relative importance can be influenced 
by many factors. Some pathogens are very host specific and will only attack a particular species or even 
cultivar of plant. Other pathogens have a broader host range but can only attack plants during certain  
developmental stages (e.g., juvenile tissues), or when plants are exposed to environmental stress. Still 
other pathogens have fairly broad host ranges and need only the opportunity to build up to significant 
levels to cause serious problems. Many of the fungal or bacterial pathogens reproduce quickly when the 
environment is favorable and susceptible plants are present, so the situation can progress from low to 
high disease pressure very quickly.

Some of the most commonly encountered soil-borne pathogens are species of Pythium and Phytophthora, 
fungal organisms commonly referred to as “water molds.” They can attack a wide variety of plants, 
causing general root or crown rots, and are favored by wet soil conditions. Pythium species tend to attack 
juvenile or herbaceous plants, while Phytophthora species tend to be most common on woody, perennial 
plants. Like Pythium, Rhizoctonia solani is a fungus that attacks a wide variety of young, succulent plants, 
often causing damping off or root rot. Other fungal pathogens that are frequently encountered are 
Fusarium solani (causing a generalized root rot), Fusarium oxysporum (causing vascular wilt), Sclerotium 
rolfsii (cause of southern blight), Sclerotinia sclerotiorum (cause of white rot), Thielaviopsis basicola (causing 
a root rot), Botrytis cinerea (the sclerotium stage), and species of Cylindrocarpon and Cylindrocladium. Some 
soil-borne bacterial pathogens of general interest include Erwinia chrysanthemi (soft rot and wilt of plants) 
and Agrobacterium tumefaciens (crown gall) (Table 1). 

table 1. Current soil pathogens found commonly in cut flower crops.

Soil pathogen Scientific name cropS affected 

Downy mildew Plasmopara helstedii Helianthus

Leaf spot Xanthomonas campestris pv. Campestris Matthiola, Ranunculus

Fusarium root rot Fusarium solani Eustoma

Fusarium stem rot Fusarium avenaceaum Eustoma

Fusarium wilt Fusarium oxysporum Dianthus, Eustoma, Freesia, Gladiolus, Iris

Pythium root rot Pythium irregulare, Pythium spp. Antirrhinum, Calla lily, Hypericum, Lilium, Ranunculus 

Sclerotinia stem rot Sclerotinia sclerotiorum, Sclerotinia spp. Delphinium, Gerbera, Larkspur, Liatris spicata, Matthiola

Stromatinia neck rot Stromatinia gladioli Gladiolus

nEMAtODES

Recent research on nematodes associated with ornamental crops has focused on management.  
Much of the descriptive work on nematodes of ornamental crops in California (and in the United 
States generally) is quite old but still provides an excellent basis for understanding and interpreting 
the problems that are experienced today. In classical studies between 1932 and 1934, Goff (1936) 
determined the susceptibility of annual ornamentals to root-knot nematodes in field plantings in 
Florida. The species of root-knot nematodes in those experiments is unknown as they were conducted 
before differences among the species were recognized. However, based on our current knowledge of the 
prevalence and distribution of root-knot nematodes, it is likely that Meloidogyne incognita or M. javanica 
was involved. Goff noted that some plant species were heavily damaged and that the impairment of the 
root system can result in severe wilting under moisture stress. He also noted considerable variability in 
susceptibility of some plant types, for example the Dianthus group, and suggested that careful selection 
might result in nematode-resistant strains. 
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The list of nematode problems in ornamentals in California, 
summarized by Sher (1959), differs very little today. Although the 
specific recommendations for nematicide treatments have changed during the 
intervening 45 years, the principles of using clean planting stock and disinfested 
or uninfested soil still apply. The ongoing challenge is to achieve the goals 
embodied in those principles. Many nematodes have been detected 
associated with ornamentals in the state (overview in Table 2, pg 10, 
detail in Appendix 1 and Appendix 2, pgs 33-37). In some cases, the 
association of nematodes and plants may have been incidental, but 
in most cases the association indicates that a feeding relationship was 
occurring between nematode and plant, with the potential for damage 
to the host.  

Although research has not been conducted on the damage potential 
of each nematode on each plant species, knowledge of the biology, 
feeding habits and life history strategies of the nematodes and 
experiences on other crops (Dreistadt, 2004), allows us to infer the 
relative importance of these nematodes to ornamentals  

 (Table 22, pg 31). 
 
The damage potential classifications are presented for guidance only and should be interpreted with 
caution and reason. Further, there is a quantitative aspect of the relationship between nematode 
population and host plant that should be considered; while 25 stunt nematodes feeding on a root may 
provide little cause for concern, 100,000 of the nematodes could be conceivably causing considerable 

damage by their feeding activities. 
 
The potential for damage by certain nematodes depends 
on an environment favorable to their movement, 
survival and reproduction. This is especially true of foliar 
nematodes that can move between plants in moisture 
films on foliage in greenhouse situations with high 
humidity and plant contact. Foliar nematodes are less 
likely to be a problem outdoors, except in cool, foggy   
environments or perhaps with sprinkler irrigation, 
where there are prolonged periods of leaf wetness. 
Similar cool and moist conditions are favorable  
to stem nematodes.

 The nursery and ornamentals industry in California has 
 relied heavily on the use of methyl bromide as an effective 
soil treatment for almost 50 years. In many field and nursery sites, frequent soil fumigation has resulted 
in nematode populations that have been either eradicated or reduced to non-detectable levels. With the 
withdrawal of methyl bromide, it is highly likely that there will be a greater frequency of damage caused 
by the plant-feeding nematodes that attack ornamentals and that are known to be present in California 
soils (Appendix 2, pg 35). 

Generally, there are three categories of concern regarding nematodes associated with ornamentals and 
ornamental production: 

1. Nematodes that distort the flowers or foliage of the plant and so render it qualitatively unacceptable or 
unmarketable; for example: foliar and stem nematodes. 

2. Nematodes that reduce the growth rate, vigor, or longevity of the plant, for example: root-knot and 
lesion nematodes (Figures 4a & 4b).

Figure 4a: A root lesion nematode 
(Pratylenchus penetrans); a migratory 
endoparasite of the root cortex.

Figure 4b: Root-knot nematode, Meloidogyne sp., showing adult 
feeding inside root and egg mass on root surface. Dark gray color 
is due to acid. 
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3. Nematodes that, regardless of their effect on the ornamental plant, also pose a general threat to 
agriculture so that the distribution and marketing systems for ornamentals create a potential threat 
to other components of the agricultural industry. This category includes many of the nematodes 
listed on Tables 2 and 3, (pgs 10-12) in addition to the burrowing and reniform nematodes which are 
considered such a threat that they are governed by quarantine and nursery inspection regulations 
(Ferris et al., 2003). Because the burrowing and reiform nematodes are subject to regulatory 
procedures, and therefore not commonly found in California, they are omitted from the tables and 
the appendices of host associations.

An example that characterizes some of the issues regarding nematodes in ornamentals is provided 
by the root lesion nematode (Pratylenchus penetrans) problem of Easter lily bulbs in northwestern 
California and southwestern Oregon. Bulblets, usually picked from a previous crop, are field-grown 
for 2 to 4 years until the bulbs are large enough to sell to greenhouse operations for production of 
flowering plants. Feeding by Pratylenchus penetrans on the roots retards the rate of growth of bulbs and 
extends the time necessary for them to achieve the 20-cm circumference used as a basis for marketing.  
If bulbs have not reached the 20-cm circumference in two years, they are replanted for one or two 
more years (Hawkins, 1991; Westerdahl et al., 2003). Further, nematodes in root tissues attached to 
bulbs are distributed throughout the state.

Avoidance of the lesion nematode problem in Easter lilies by crop rotation or planting site selection 
is difficult. The nematode has a very wide host range and is supported by the pasture grasses that 
are commonly grown as an alternative to bulb production. Many nematicides have been tested for 
nematode control in the region and several have resulted in groundwater contamination. The current 
standard soil treatment for management of P. penetrans in the region is a preplant application of  
1,3-dichloropropane (Telone II®) at 428 kg/ha and 9 kg/ha of Phorate® applied at planting. Preplant 
drip applications of metam sodium or emulsifiable 1,3-dichloropropene in combination with oxamyl 
or metalaxyl show promise as a means of reducing the total amount of chemical applied to soil and 
reducing the risk of groundwater contamination (Westerdahl, et al., 2003).

table 2. California records of nematode-ornamental plant associations organized by nematode genus 
(see Appendices 1 and 2, pgs 33-37, for more specific detail). Data from Ferris and Caswell-Chen 
(1997); Dreistadt (2001).
        nematode genuS plant name

Aphelenchoides Ageratum, Anemone, Anthurium, Antirrhinum, Aster, Begonia, Calceolaria, Chrysanthemum, Cyclamen, Cymbidium, 
Dahlia, Delphinium, Digitalis, Ferns, Gloxinia, Hydrangea, Impatiens, Iris, Lilium,  Pelargonium, Rhododendron, Rudbeckia, 
Saintpaulia, Verbena, Veronica, Viola, Zinnia

Bakernema Rosa

Cactodera Schlumbergera

Cryphodera Rosa

Ditylenchus Amaryllis, Gerbera, Gladiolus, Helichrysum, Iris, Lilium, Lupinus, Phlox, Rhododendron, Strelitzia

Helicotylenchus Artemisia, Aster, Camellia, Coreopsis, Gladiolus, Gypsophila, Ipomoea, Iris, Lilium, Petunia, Rosa, Strelitzia, Vinca, Viola, 
Zantedeschia 

Hemicriconemoides Zantedeschia

Heterodera Gladiolus, Iris, Lilium

Hoplolaimus Rosa

Longidorus Lilium

Meloidodera Gerbera
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Meloidogyne Agapanthus, Amaranthus, Anthurium, Antirrhinum, Arctotsis, Artemisia, Aster, Begonia, Calendula, Cassia, Celosia, 
Chrysanthemum, Dahlia, Dianthus, Dieffenbachia, Eschscholzia californica, Euphorbia, Gardenia, Gerbera, Gladiolus, 
Gypsophila, Helianthus annuus, Helichrysum, Hydrangea, Hypericum, Iberis, Impatiens, Ipomoea, Iris, Lathyrus, Liatris, 
Lilium, Linaria, Lobelia, Lupinus, Nasturtium, Oenothera, Paeonia, Petunia, Philodendron, Phlox, Rosa, Rudbeckia hirta, 
Saintpaulia, Strelitzia, Verbena, Vinca, Viola, Zantedeschia, Zinnia

Merlinius Antirrhinum, Centaurea, Helianthus annuus, Iris, Lilium, Lupinus, Rosa

Mesocriconema Antirrhinum, Celosia, Dianthus, Lilium, Lupinus, Petunia, Rosa, Vinca, Zantedeschia,  Zinnia

Paratrichodorus Antirrhinum, Aster, Celosia, Dianthus, Gladiolus, Iris, Lilium, Phlox, Rosa, Viola, Zantedeschia, Zinnia

Pratylenchus Amaranthus, Antirrhinum, Aster, Chrysanthemum, Dahlia, Delphinium, Dianthus, Gladiolus, Helianthus annuus, Hydrangea, 
Hypericum, Ipomoea, Iris, Lilium, Lupinus, Narcissus, Petunia, Phlox, Portulaca, Ranunculus, Rosa, Tagetes, Viola, Zinnia

Psilenchus Iris

Rotylenchus Antirrhinum, Dianthus, Iris, Rosa, Vinca, Zantedeschia

Scutellonema Aster, Calendula, Iris, Lilium, Nasturtium, Rosa, Zantedeschia

Trichodorus Dianthus, Ipomoea, Iris, Lupinus, Rhodendron, Rosa, Zantedeschia

Tylenchorhynchus Amaranthus, Artemisia, Aster, Camellia, Centaurea, Delphinium, Dianthus, Helianthus annuus, Ipomoea, Iris, Lilium, 
Lupinus, Petunia, Phlox, Rhodendron, Rosa, Viola, Zantedeschia

Tylenchulus Zantedeschia

Xiphinema Calendula, Celosia, Gerbera, Gladiolus, Helianthus annuus, Iris, Lilium, Rosa

table 3. Characteristics and generalized relative importance of nematodes associated with ornamentals 
in California.

nematode genuS common 
name

feeding habit potential for plant damage importance 
rating 

(5=max)
Aphelenchoides Foliar nematode Migratory endoparasite of 

foliage
Leaf necrosis and malformations, easily 
spread with plants and residues

5

Ditylenchus Stem and bulb 
nematode

Migratory endoparasite of 
stems, bulbs and seeds

Deformed and rotted bulbs, deformed 
stems, flowers, seed, easily spread with 
plants and residues

5

Helicotylenchus Spiral nematode Migratory ectoparasite and 
endoparasite of root cortex

Root stunting and decay at high 
population levels

2

Hemicriconemoides Sheath 
nematode

Migratory ectoparasite of root Root tip damage? 3

Heterodera Cyst nematode Sedentary semiendoparasite Disruption of vascular tissues, easily 
spread with plants and residues

5

Hoplolaimus Lance nematode Migratory ectoparasite and 
endoparasite of root cortex

Root stunting and decay at high 
population levels

3

Longidorus Needle 
nematode

Migratory ectoparasite of root 
tip

Severe root stunting, root malformation, 
root tip galls

4

Meloidodera Cystoid 
nematode

Sedentary semiendoparasite Disruption of vascular tissues, easily 
spread with plants and residues

4

Meloidogyne Root-knot 
nematode

Sedentary endoparasite of 
vascular tissues

Disruption of vascular tissues, root galling, 
easily spread with plants and residues

5

Merlinius Stunt nematode Migratory ectoparasite of roots Root stunting at high population levels 2

Mesocriconema Ring nematode Migratory ectoparasite of roots Depleted root system, stunted laterals 4

Paratrichodorus Stubby root 
nematode

Migratory ectoparasite of root 
tip

Stunted roots, root tip galling 3

Paratylenchus Pin nematode Migratory ectoparasite of roots Probably not damaging unless at high 
population levels

1

Pratylenchus Root lesion 
nematode

Migratory endoparasite of root 
cortex

Root stunting, necrosis and decay, 
secondary infections,  easily spread with 
plants and residues

4

Psilenchus Migratory ectoparasite of root 
epidermis and root hairs

Probably not damaging 1

        nematode genuS plant name

Table 2. continued
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nematode genuS common 
name

feeding habit potential for plant damage importance 
rating 

(5=max)
Radopholus Burrowing 

nematode
Migratory endoparasite of root 
cortex

Root stunting, necrosis and decay, 
secondary infections,  easily spread with 
plants and residues. Not established in 
California and a serious threat to other 
crops.

5

Rotylenchus Spiral nematode migratory ectoparasite Root stunting and decay 3

Scutellonema Spiral nematode Migratory ectoparasite and 
endoparasite of root cortex

Root stunting and decay 4

Trichodorus Stubby root 
nematode

Migratory ectoparasite of root 
tip

Stunted roots, root tip galling 3

Tylenchorhynchus Stunt nematode Migratory ectoparasite of roots Root stunting at high population levels 2

Tylenchulus Citrus nematode Sedentary semiendoparasite 
of roots

Root stunting and debilitation at high 
population levels, narrow host range; 
easily spread with plants and residues 

4

Xiphinema Dagger 
nematode

Migratory ectoparasite of root 
tip

Severe root stunting, root malformation, 
root tip galls

5

WEEDS

Weed species and populations within any one field can 
vary greatly. The species present will vary depending on 
the previous crop and cropping system. If the soil has not 
been fumigated recently or repeatedly, there can be a very 
large spectrum of winter annual grasses and broadleaves, 
biennials, perennial grasses and broadleaves. Generally, 
since flower crops are grown mainly in the coastal regions 
of California, broadleaves (winter and summer) and winter 
annual grasses tend to be the most prevalent. Common   
 winter annual grasses include annual bluegrass (Poa annua),  

 wild barley (Hordium pusilium), wild oat (Avena fatua) and  
 Italian ryegrass (Lolium multiflorum). In the warmer central 

valleys, there is a greater prevalence of grasses (summer 
and winter) than on the coast. New flower fields, where 
other crops have been grown for several years, often have 
an associated group of weeds that tolerate the previous crop 
culture. If fumigation has occurred recently, and repeatedly, 
there is the tendency that little mallow (cheeseweed, Malva 
parvifolia) (Figure 5), California bur clover (Medicago 
californica and other Medicago sp.), other clovers (Melilotus 
sp.), and filaree (Erodium sp.) will be present. If weeds are 
not controlled in the surrounding area, there will be species 
that have seeds that blow in the wind that will re-infest a field 
such as common groundsel(Senecio vulgaris), prickly lettuce 
(Lactuca serriola), hairy fleabane (Conyza bonariensis), 

 horseweed (Conyza canadensis) and bristly ox-tongue (Picris 
echioides). Perennial weeds can always be a problem if they are not specifically controlled. These could 
include field bindweed (Convolvulus arvensis), yellow buttercup (Oxalis pes-capre), yellow nutsedge 
(Cyperus esculentus), yellow creeping field cress (Rorippa sylvestris), perennial pepperweed (Lepidium 
latifolium) and quackgrass (Elytriga repens).

Propagules of crop plants are difficult weeds to control. Propagules that are common include the 
previous crop residuals such as gladiolus cormlets, Ranunculus, Dutch iris or Narcissus bulbs, and calla lily 
rhizomes (Figure 6) and tubers. 

Figure 5: Cheeseweed (Malva parviflora). A common and 
difficult to control weed in field that have been preplant 
fumigated.

Figure 6: Rhizomes of calla lily often left in the field.

Table 3. continued
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IV. established and Potential Methods of soil Pest Control & Cultural Modification

Potential Methods or Cultural ModifiCations

BIOFuMIgAtIOn 

Various plant species of the family Brassicaceaea (broccoli, mustards, Indian mustard, wild mustard, 
rapeseed, cabbage, brussel sprouts, cauliflower and horseradish) produce glucosinalates that are  
hydrolyzed in the presence of the enzyme myrosinase to isothiocyanates. Myrosinase and the  
glucosinalates are thought to be stored in different parts of the plant cell. When the cell is injured, for 
example by the feeding of an insect or nematode or by mechanical disruption, the enzyme comes into 
contact with the glucosinalate substrate and the isothiocyanate (ITC) defense compounds are formed. 
There has been considerable effort to make use of this process in weed and nematode control by 
incorporating Brassica residues into soil and covering the area with a tarp. The objective of using the tarp 
is to retain the volatile isothiocyanate compounds in the soil and to enhance their activity with elevated 
temperature through solarization. However, results have been somewhat erratic and there are many 
unanswered questions (Zasada et al., 2003).

Application of Brassica plant material to soil initiates dynamic and complex biological and chemical 
processes. Environmental and chemical factors have profound influences on amendment-based 
management systems. Methyl iosothiocyanate is the active breakdown product found in metam and 
Dazomet®. In general, plant-produced ITC compounds have not been as concentrated or active as the 
synthesized metam or Dazomet®. More research is needed to determine the potential of the  
biofumigation for control. In our experiments, we attempted to create an environment that would  
optimize glucosinalate to ITC conversion. Actual conversion of glucosinalates to ITC can range from  
1 to 25%. The total conversion of rapeseed meal glucosinalates to ITC’s was 15% of the potential  
(Borek et al., 1997). Only 1% or less of the predicted ITC from tissue glucosinalate concentrations was 
measured in soil amended with rapeseed or mustard varieties (Morra and Kirkegaard, 2002).  
We applied B. juncea and B. hirta glucosinalates with expectation of a 10% conversion rate to their  
respective ITCs. The plant material was finely ground to promote even distribution in the soil profile  
and to facilitate exposure to soil moisture.  

There are many types of glucosinolate and plants differ in their glucosinolate profiles among plant  
species; their ITC derivatives differ in toxicity to nematodes. Recent research has attempted to address 
some of the questions. For example, where are the glucosinalates concentrated in the plant and when are 
they at their maximum? Under what temperature and moisture do they break down? How much biomass 
is required for effective nematode control?  In recent studies (Zasada and Ferris, 2003, 2004), Brassica 
hirta incorporated into soil at rates corresponding to concentrations between 0.03 and 0.12 µmol ml-1 of 
glucotropeolin, was more toxic to nematodes than similar amounts of broccoli. At plant weights  
providing >0.37 µmol ml-1 of glucotropeolin, mortality of root-knot nematode Meloidogyne javanica was  
100% with both B. hirta and broccoli. However, plant weights of B. juncea corresponding to a  
concentration of 2.82 µmol ml-1 of sinigrin were required to reduce survival of M. javanica by 65%.
Broccoli was included in our studies as a low glucosinolate-containing plant material and because it is 
commonly used in California biofumigation pest management systems (Ramirez-Villapudua and  
Munnecke, 1988; Xiao, 1998). The broccoli we used contained 2.44µmol g-1 of ITC-producing 
glucosinolates. Broccoli, regardless of biomass level, was never as effective as B. hirta and B. juncea in 
suppressing Tylenchulus semipenetrans (citrus nematode). Based upon the concentration of gluconasturtiin 
in broccoli, and the nematode-specific toxicity of its glucosinolate-degradation product 2-phenylethyl ITC 
(Zasada and Ferris, in press), 54% w/w mixture of broccoli and soil would be required to reduce  
T. semipenetrans survival to 10%. Based upon the concentration of glucoraphanin in broccoli, the  
precursor to 4-methylsulfinyl (butyl), this application level could be reduced to 14% w/w. Greater  
biomass levels would be needed to produce toxic concentrations of 2-phenylethyl and 4-methylsulfinyl 
(butyl) ITCs for a 90% reduction in M. javanica survival. The amount of wet broccoli residue left in a  
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field after harvest is approximately 8.5% w/w (Shetty et al, 2000) or 0.9% w/w dry material (10:1 wet/dry 
ratio). Clearly, the amount of broccoli needed to provide glucosinolate concentrations at required rates 
would be prohibitive. Broccoli varieties containing higher concentrations of sinigrin, gluconasturtiin and 
glucoraphanin would reduce the amount of plant biomass needed to generate toxic concentrations of 
ITCs.

Temperature is an important factor in the efficacy of brassicaceous amendments. Higher temperatures 
increase the vapor pressure of compounds present in the liquid or solid soil fractions, resulting in greater 
release into the soil atmosphere (Gamliel and Stapleton, 1993). The nematode suppression observed 

with a broccoli amendment in these experiments would 
have increased at higher temperatures as observed 
in other studies (Ploeg and Stapleton, 2001). An 
application level of 2% w/w fresh broccoli, incubated 
at 25º C, reduced M. javanica galling after 10 days 
compared to unamended soil. The soil had to be heated 
to 40º C for 10 days to eliminate root-galling, compared 
to three days with a broccoli amendment. 

Issues that require further investigation include: 
effective application of biofumigation for nematode 
control, rates of ITC conversion in soil, target species 
sensitivity to specific ITCs, application technology and 
the breeding of high-glucosinolate containing varieties.   

 The determination of ITC lethal concentration values   
for specific nematodes will allow selection and application of Brassicaceae species containing 
glucosinolate precursors of the ITCs most toxic to target nematodes.           

Weed control studies have been conducted by incorporating chopped broccoli into soil in buried field 
pots, incorporating chopped broccoli into soil (Figure 7) with a power tiller, or by shovel. The broccoli 
was obtained from several field sources after harvest of the florets. In field pot studies where broccoli 
has been added to soil and covered with clear polyethylene, there has been some activity at rates of 25 
to 50 tons/acre of wet broccoli. The conversion from wet tons to dry tons of material has varied from 
location to location, from a 7:1 to 11:1 ratio. This variation is due to moisture and plant size at harvest. 
In most cases, the size of the crop plant has made it difficult to accurately measure active ingredient and 
thus pest control results. Since we are most often using only the stems and leaves after harvest of the 
florets and no roots, we are only obtaining a part of the active ingredient from the harvest. Where the 
crop has been grown in the field and worked into the soil, more uniform results have been observed 
with some nematode and soil pathogens. In field studies when broccoli has been brought to the site 
and worked into the soil, our best results for weed control have been on the central coast, where 5 dry 
tons of broccoli tops were rototilled into a bed and clear plastic was used to tarp the bed (25 T/A of 
wet chopped broccoli) and was allowed to solarize for 6 weeks (Table 4, pg 15). Generally, high rates 
of 35 to 50 wet ton/A have been more effective than low rates (25 wet tons) when combined with 
solarization. Part of this increase in control could also be due to increased soil moisture, which would 
improve solarization. Other processes such as oxygen depletion and formation of other gases may also be 
involved.

In one experiment, transplants of snapdragons and Godetia were planted into the treated soil one week 
after the plastic tarp was removed. Both species were stunted compared to untarped areas or tarped areas 
with no broccoli (Table 5, pg 15).  

Figure 7: Broccoli waste chopped to incorporate into soil preplant 
followed by cover of polyethylene.
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table 4. Weed control with broccoli biomass and tarping - uC Davis. 
---

treatment total WeedS (no./0.25 m2) 

Control (untarped)    159.1 a

Control (tarped 6 weeks)      22.5 b

Broccoli chop 25 wet T/A  – 5 inches  incorporation + tarp        4.1 b

Broccoli chop 35 wet T/A  – 5 inches incorporation + tarp        6.2 b

Broccoli chop 25 wet T/A  – 2 inches incorporation + tarp        5.5 b

Broccoli chop 35 wet T/A  – 2 inches incorporation + tarp        3.8 b

Broccoli chop 35 wet T/A  – 5 inches incorporation - no tarp    238.5 a

Broccoli chop 35 wet T/A  – 2 inches incorporation - no tarp    203.6 a

Large bubble wrap + tarp      11.6 b

NOTE: Although there was no statistical difference between a tarped control and biofumigation plus tarp, there were 
lower numbers of weeds when broccoli and tarping were combined. 
  
table 5. Residual effects of preplant treatments of broccoli and solarization on Snapdragon and godetia 
transplants - uC Davis. 
---

treatment Snapdragon* godetia*

Broccoli chop 25 wet T/A – 5 inches incorporation + tarp    6.6 b    7.0 bc

Broccoli chop 35 wet T/A – 5 inches incorporation + tarp    6.6 b    7.1 b

Broccoli chop 25 wet T/A – 2 inches  spaded + tarp    6.2 b    6.0 c

Broccoli chop 35 wet T/A – 2 inches spaded + tarp    6.1 b    7.4 b

Broccoli chop 35 wet T/A – 5 inches incorporation - no tarp    8.6 a    8.8 a

Broccoli chop 35 wet T/A – 2 inches spaded - no tarp    8.4 a    7.1 b

In broccoli – tarped    6.4 b    6.2 b

Out of broccoli – tarped    7.8 a    8.2 a

* Plant vigor: 10 = vigorous, 0 = dead plants. 
 
SOlARIzAtIOn 
 
Soil solarization is a process where sunlight is used 
to heat moist soil to control various pest organisms 
(See University of California Division of Agriculture 
and Natural Resources Publication No. 21377). Soil 
solarization is accomplished by using a clear, thin 
polyethylene covering on the soil during a period of 
high radiation, with little wind or cloud cover  
(Figure 8). This condition is most common during 
the summer (late May to late August) (Table 6, pg 17) 
in the central valley regions of California and may  
be present in May, or more likely in late August  
or early September, in the coastal regions. 
 
Soil-borne pathogens are rather easily controlled when there are enough heat units (temperature and 
time). The amount of control depends upon the organism and the heat units. Many organisms including 

Figure 8:  Limonium transplanted into soil that had been preplant 
treated with soil solarization for weed control (Santa Clara, CA).
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weeds, soil pathogens and nematodes are sensitive to soil temperatures in excess of 50o C. Since soil-
borne pathogens and nematodes may be found throughout the soil profile, all of the organisms at greater 
depths (more than 12 inches) will not be controlled as well as shallow depth organisms. In this respect, 
more weed organisms are controlled than nematodes. Soil solarization may have potential for nematode 
management in some cases, particularly for the upper 30-cm of soil in areas of high solar output, light and 
medium textured soil, soil moisture near field capacity, shallow root depth of previous crop, and limited 
acreage. Nematodes are also mobile in the soil and thus certain species may escape the thermal killing, as 
do earthworms. 

 
The killing with soil solarization is predominantly 
by membrane disruption from temperature, though 
suppression of some organisms may be caused by 
certain gases formed as the organisms are killed. (See 
the University of California Division of Agriculture and 
Natural Resources Publication No. 21377 for species of 
soil pathogens and nematodes controlled). Keep in mind 
these species will not be controlled as well in coastal 
California as they are in hot inland valleys.  
 
Most weeds are controlled with 4 to 6 weeks of 
solarization in the central valley region of California   
(Table 6, pg 17). All winter annual weeds, except some 

 clover species, are controlled. Biennial weed bristly ox-
tongue is also controlled. Some perennial weeds can be controlled in the Central Valley area, such as 
bermudagrass, johnsongrass, and yellow buttercup. Many summer annual weeds are also controlled with 
the exception of sweet clovers. If the treatment is marginal, then common purslane will not be controlled 
or will only be partially controlled. Weeds that are only partially controlled include yellow and purple 
nutsedge. Field bindweed is controlled at the surface (0 to 4 inches) but it will re-grow from deeper 
rhizomes. In coastal regions, the control of weeds is often spotty, depending upon local conditions (Table 
7, pg 17). We have achieved excellent control of most weeds in some warmer, calm wind areas and have 
obtained little control next to the ocean. 
 
The most critical time of high radiation is during the first week of cover. If the weather is warm, sunny and 
calm, control is generally good. If a field is tarped during an overcast (foggy) or windy time, control  
will be poor. Common purslane, if present, seems to be a good indicator species. If the conditions are 
correct, common purslane is controlled and the solarization procedure has worked. 
 
If common purslane is not controlled, the process and effect is marginal or not effective. Similar 
results can be observed with soil-borne pathogens. Nematodes are not controlled well along the coastal 
region of California with soil solarization. To improve the effectiveness of soil solarization in marginal 
areas or under marginal conditions, several studies have been conducted. We have tried to increase 
temperature accumulation and increase pest control under the plastic by adding a second layer of clear 
plastic (together or spaced apart), different colors of plastic, clear plastic made in Spain specifically for 
solarization, black plastic or different colors on black; using small or large bubble wrap plastics under 
a clear sheet and soil additives such as composted chicken manure, bloodmeal, household ammonia, 
corn gluten meal, and the aforementioned broccoli and other Brassicaceae (Tables 7 and 8, pg 17). 
Temperature accumulation under plastic was compared at three locations close to the Central Coast 
(Table 8, pg 17). Weed control and Fusarium results can be found in Appendices 6, 7 and 8a & 8b,  
pg 40-41). 
 
These studies indicate that a single sheet of thin (1.1 mil) clear polyethylene that has been treated for 
ultra-violet (UV) light protection is almost as good as any method. In tests with bubble wrap plastic and 
a single layer of clear plastic, the temperatures are significantly higher with bubble wrap than a single 
sheet. The increase in temperature was greater at UC Davis than on the coast. The cost of material and 
application cost would be quite high to add these extra practices. However, a sandwiched plastic should 
be evaluated.  

Figure 9: Weedy Gladilous field planting. Little mallow is a common 
weed in previously fumigated soils.
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table 6. Different plastic configurations for increased soil temperature, velvetleaf control (number of 
weeds per one-half of square meter compared to the untreated) and total weed control, compared to a 
single layer of polyethylene at uC Davis - July 1999.

 treatment                                   hrS over 55° c  hrS over 50° c  velvetleaf  total WeedS

Single clear 1.1 mil polyethylene 2.3   93.7   0.0   0.0

Double layer 1.1 mil polyethylene 0.0   66.8   0.0   0.0

Small bubble wrap with clear 1.1 mil polyethylene 0.0   24.5   0.0   0.0

Large bubble wrap with clear 1.1 mil polyethylene 5.2 101.8   0.0   0.0

Black polyethylene 0.0     0.0   0.0   0.0

No polyethylene 0.0     0.0 13.5 59.8

NOTE: The data in columns 1 and 2 are the number of hours that temperature reached the listed number during a 
6-week period of solarization.

table 7. Weed control with soil applied materials and soil solarization - Watsonville, CA. 
Weed control after 6 weeks of solarization and after plastic removal.
   corn      common      black                 total WeedS reduction
 treatment Spurry purSlane muStard (no.) (%)

Composted chicken manure (8 T/A) 18.8 0.0* 12.5 43.5 38

Chicken manure + 4 weeks solar   0.0 3.8   0.5   9.1 87

Solarization 4 weeks   1.4 5.8   4.2 18.4 74

Corn Gluten meal + solarization 4 weeks   0.0 2.2   0.2   2.9 96

Chopped broccoli (5 T/A) + solar   0.0 0.5   0.0   0.5 99

Metam  50 gpa + solar**   0.0 3.0   0.5   5.5 92

Untreated 32.0 0.0* 21.8 70.0 0

*  Soil remained dry since there was no irrigation or solarization, thus seeds did not establish.
**  Metam was applied in cored holes on a 12-inch grid and the material was pressed in to seal the soil before the 
polyethylene was applied.

table 8. Solarization effects on soil temperature at four sites in California. the Davis site is in the 
Sacramento Valley. Watsonville, three-Way Farms and Monterey Academy (MBA) are close to the ocean 
(three-Way Farms is the most inland).
                          hourS (no.) over the deSignated temperature

temperature (f) davis† Watsonville three-Way farms     mba

40   21.2    93.2       0

43 267.8      0    53.2       0

45 222.2      0    15.5       0

48 193.7      0      0       0

50 133.2      0      0       0

53   36.3      0      0       0

55     2.3      0      0       0

† Soil temperature (5-cm depth) achieved at each research location. Values in the columns are the total number of hours 
that temperatures met or exceeded specific levels shown in the left-hand column. A single layer of 1.1 mil polyethylene 
was applied for 6 weeks.
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V. Weed Management with Mechanical equipment and Hand Weeding
No single herbicide or fumigation 
treatment will control all weeds. There are 
three critical periods of weeding that will 
reduce overall weed populations. The first 
critical period is prior to planting. Preplant 
cultivations can reduce germinating weeds. 
To achieve this, pre-irrigate to allow the 
weeds to germinate, then cultivate lightly 
before seeding or transplanting. This will 
reduce the first “crop” of  weeds. The 
second important phase is during 
the early growth of the crop. Weeds should 
be removed when young so they do not 
compete with the crop (Figure 9, pg 16, 
Gladiolus weeds). Hand weeding may be   
necessary during this time to keep weeds 

 from seeding (Figure 10). Close row 
 cultivating can reduce the total 
handweeding costs (Figure 11). The third critical time is at the end of harvest. At this time, the crop 
and weeds should be removed so weeds do not go to seed to make a large seed-bank for the next crop 
or season. Cultivation is extremely effective for the control of almost all annual and biennial weeds. 

Cultivation may need to be done 
several times during the season 
depending upon the crop, weeds 
and crop culture. 
 
Perennial weeds are not controlled 
well with cultivation and in fact, 
often they are made worse if  
cultivated when the soil is moist 
so they may continue to grow and 
spread. Row planting the crop 
will also allow for cultivation 
during the growing and harvest 
cycle in most crops. Hand weeding  
should be done when weeds are 
small, so the plants do not go to 
seed or compete with the crop. 
Just removing those last few weeds 
will reduce the overall weed-seed 

   load in the field. Weeds should 
  also be controlled around the 
  margins of the field so weed seeds 
  do not blow into the crop.

Figure 11: Close cultivation reduces many small weeds. Brush cultivators shown here in broccoli.

Figure 10: Hand weeding Ranunculus; often weeding is required even after preplant 
fumigation. How much weeding depends on the weed species and preplant treatment.
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VI. Drip fumigation of alternative Pesticides    
Certain pesticides can be applied through the tubing used for drip irrigation. These applications are 
made on prepared beds, not on the flat. As with shank application, it is critical for effective control that 
the different fumigants be applied under the correct soil and moisture conditions where the soil is loose 
to a depth needed for control and without clods. Also, the drip irrigation system must be set up so the 
water is distributed evenly throughout the field and over the tops of beds. All applications should be 
done after a determination of the pest problems specific to any field. It is very feasible that just a single 
material is all that is required if only a single pest species is found.
 
The most promising and cost-effective registered alternatives to methyl bromide/chloropicrin  
(MB:CP) fumigation for production of cut flowers and other ornamental crops are chloropicrin alone 
or chloropicrin mixed with 1,3-dichloropropene (InlineTM) followed by applications of metam sodium. 
Because these fumigants are less volatile than methyl bromide, they can be applied to the raised beds 
through drip irrigation systems. In drip fumigation, it is critical to distribute water throughout the field 
and throughout the target soil treatment zone. Chloropicrin and 1,3-dichloropropene can be applied 
together but metam sodium should be applied separately so the first two products do not rapidly degrade 
in the irrigation water. Research by Ajwa et al. (2003) demonstrates that drip fumigation with InlineTM 
(300 lbs/A) or chloropicrin (200 lbs/A) followed five to seven days later with metam sodium (40 gal/A) 
through the same drip lines, controlled soil-borne pathogens and most weeds and produced strawberry 
yields comparable to those produced with MB:CP. Excellent results have also been demonstrated 
preplant to direct seeded Ranunculus. This sequential application of metam sodium after chloropicrin 
or InlineTM has become the choice of strawberry growers in California who are adopting drip fumigation. 
Over 25% of the California strawberry acres were drip fumigated in fall of 2003.
   
Iodomethane is a material that has been very effective as a soil fumigant in research trials, but is not yet 
federally and state registered. This product has properties similar to methyl bromide and can be applied 
by shank injection or drip fumigation. Several formulations have been evaluated, although iodomethane 
will probably be used at lower rates than MB:CP and may also be used with metam sodium. More 
information may be obtained by referring to research reports from cut flowers and strawberries.

SOIl PREPARAtIOn

As with all soil fumigation (and thus fumigant distribution), the soil should be prepared and tilled 
properly. Soil water content should be adequate to initiate weed seed germination and pre-irrigation 
may be required prior to drip fumigation if the soil is dry. The beds should be free of clods and the 
plastic tarp used over the bed should not have holes or tears. Embossed tarp should be avoided to 
reduce volatilization (loss of fumigants). Current soil preparation and bed listing practices used after 
methyl bromide fumigation are generally adequate. Any shanks or chisels should be removed when 
laying the plastic tarp to avoid creating channels in the soil, which can result in poor water and fumigant 
distribution in the soil bed. For uniform water distribution on steep or hilly grounds, the beds should be 
directed along the contour lines and the beds should not go uphill more than 4 feet or downhill more 
than 8 feet. Poor water distribution will result in poor fumigation. The use of virtually impermeable film 
(VIF) will enhance weed control in the bed. However, VIF holds fumigants in the soil for longer periods 
than the standard tarp and longer plant-back time or bed ventilation two weeks before planting may be 
required (refer to the pesticide label).

AMOunt OF WAtER

To achieve good water distribution, and thus fumigant distribution, across the bed top in sandy loam 
soils, 1.5 inches of irrigation water may be needed to cover 6 to 8 inches horizontally on each side of 
the tape (fumigants spread more readily through dry than wet soil) and 18 inches depth. Table 10 (pg 
22) lists the estimated amount of application water per 18 inches of soil depth recommended for drip 
fumigation of various soils. Although the fumigants move 3 to 5 inches beyond the wetting front, the best 
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treatment occurs within the wetted area. (See Table 10, pg 22, for the recommended amount of water for the 
various soil types). Application of fumigants in less than 1.5 inches of water per treated area will result in poor  
fumigant distribution and high volatilization losses that diminish the efficacy to control soil-borne  
pathogens and may result in lower crop yields. In addition, application of fumigants with a small amount 
of water will result in precipitation of fumigants in the irrigation pipelines if the concentrations exceed 
their solubility limits (<2000 ppm). Drip fumigation with a larger amount of irrigation water will result in 
better fumigant distribution in soil and will reduce fumigant volatilization losses by increasing the amount 
of fumigant in the water phase and decreasing the total air space available for fumigant diffusion in soil.  
However, excessive amounts of water should be avoided and fumigant concentration in the main line  
should not be below 500 ppm or fumigant effectiveness might decline (see Appendix 13, pg 44, for 
chloropicrin concentrations). Also, beds can become unstable and collapse with excessive water  
application amounts, and bed stability may limit the volume or rate of water that can be applied.   
In sandy and loamy sand soils, limited lateral water movement may limit fumigant distribution. For these  
soils, a third drip tape is recommended.

DRIP tAPE FlOW RAtE AnD SPACIng

The drip irrigation system should provide high water distribution uniformity (DU) and over 90% is 
achievable. The DU should at least be over 80% for drip fumigation. This will require use of a good  
system design and operation in which the pressure variation in the drip tape throughout the field is less  
than 3 psi (i.e., from 6 to 9 psi). The system should be free of leaks or clogged emitters, and should be  
flushed and pressure tested before fumigation. It is imperative to use good quality irrigation components  
and drip tape. Leaks cause fumigant loss and possible odor and emissions problems.

Reconfiguration of drip tape spacing may be necessary for good water coverage across the soil bed. For  
sandy loam soils, one drip tape can cover up to 8 inches on each side using 1.5 inches of water. For  
narrow beds (<18 inches wide), one tape may be sufficient for drip fumigation. However, two drip tapes  
are recommended for wider beds (18 to 40 inches wide). A third drip tape may be needed for sandy soils 
(>90% sand) or if the bed top is wider than 40 inches. Drip tapes with flow rate between  
0.5 to 0.67 gpm/100 ft are appropriate for most sandy and sandy loam soils in California  
(see Appendix 9, pg 42). Low flow drip tape is optimum for drip fumigation, but application time  
becomes inconvenient when using drip tape with low rate drip tapes. High flow drip tape  
(> 0.7 gpm/100 ft) is not common in California and is not recommended except for soils with high water 
permeability. 

SAFEty RulES AnD CHEMIgAtIOn EquIPMEnt FOR DRIP FuMIgAtIOn

Note: Read and understand the fumigant label and follow county permit conditions before starting any fumigation.   
Know the symptoms and emergency treatments for exposure to the fumigants. Monitor the application system and the  
field during application.

Fumigation cylinders are pressurized with nitrogen gas and metered directly into the irrigation  
pipeline or manifold. The meter can be a precision needle valve and flow meter, a needle valve and a  
scale, or a computer-controlled positive displacement meter. Fumigants are injected at low flow rates and 
accurate calibration of injection equipment is essential for proper application. Fumigant concentration in  
the main line may vary from 500 to 1600 ppm, depending on the soil, fumigant type, and water application 
rate. (Refer to the pesticide label for appropriate concentration rates.)  Good fumigant mixing with water  
in the irrigation pipelines is essential. A static mixing device is recommended to be installed after the point  
of injection to thoroughly mix fumigants with water before being distributed into the irrigation system  
laterals and drip tape. 
 
The irrigation system must have a standard single check valve, low pressure drain, and vacuum relief valve 
(also known as a “chemigation” valve) upstream of the injection point to prevent possible contamination of 
the water source by fumigants. The fumigant injector must be equipped with a check valve to prevent water 
from flowing back into the fumigant tank and an automatic quick-closing valve to stop fumigant injection 
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when water flow is interrupted or loses pressure. The fumigant automatic shut-off valve can be electrically 
or hydraulically activated and should be normally closed at the injector. For more information on 
chemigation equipment, refer to the California Department of Pesticide Regulations web site: 
(http://www.cdpr.ca.gov/docs/gwp/chem/chemdevices.htm) and the Agricultural Commissioner’s 
Office in your county. 
 
Many of the fumigants (including chloropicrin and InLine™) can damage PVC if left in the pipelines.  
This does not occur during application of the diluted fumigants, but can occur if the lines are not 
flushed well at the end of the application and the fumigant settles out and accumulates in low points 
of the distribution system. For this reason, it is critical to flush lines at the end of each application. The 
required flush water amount can be estimated as three times the volume of the mainline and laterals.  
Excessive flush should be avoided because it will dilute the fumigants around the drip tape. 

CalCulations needed for driP fuMigation

• Determine the actual treated (bed) area, and total volume of water, and weight of fumigants to be   
 applied.
• Calculate the time required for application based on the drip tape flow rate.
• Determine the fumigant application rate and concentration in irrigation water (Table 10, pg 22).  

Appendix 13 (pg 44) shows chloropicrin concentrations as a function of application rate and water 
volume. A similar table can be prepared for InLine™ (one gallon weighs 11.2 lbs or 6.57 lbs  
1,3-dichloropropene and 3.73 lbs chloropicrin). Fumigant concentration in water can be calculated as 
follows:
Chloropicrin: ppm chloropicrin = 119826 x (? pounds chloropicrin/ ? gallons water)
Inline™: ppm (chloropicrin + 1,3-dichloropropene) = 87872 x (? pounds InLine™/ ? gallons water).

Below 500 ppm, the efficacy of chloropicrin and InLine™ to control soilborne pathogens may become 
insufficient. Also, because the solubility of chloropicrin and 1,3-dichloropropene in water is less 
than 2000 ppm at 20o C, exceeding 1500 ppm may result in precipitation of these fumigants in the 
irrigation pipelines. Metam sodium (or metam potassium) is water soluble and the generation of the 
active ingredient methyl isothiocyanate (MITC) occurs in the soil after metam application. However, a 
minimum of one inch of water is recommended for the sequential application of metam to sandy loam 
soils. 

table 9. Estimated water amount needed to treat 18 inches of soil depth using two drip tapes.  
Application time and water volume were based on 30 inches average bed width (50 inches center-to-
center).

Soil type
amount of 

application Water
incheS (gallonS)* 

drip tape floW rate
(gpm/100ft)

application time 
uSing 2 tapeS (hourS) commentS

Fine sand and loamy fine 
sand 1.2 (19,551) 0.5 – 0.67 3.1 - 2.3

Pre-irrigation with one 
inch of water is needed

Sandy loam and fine sandy 
loam 1.5 (24,439) 0.5 – 0.67 3.9 – 2.9

Minimum of 1.2 inches 
is recommended 

Sandy clay loam and  
loam 2.0 (32,586) 0.2 – 0.45 13.0 – 5.8

Split application for low 
flow drip tape

Clay, clay loam, and silty 
clay loam 2.4 (39,103) 0.2 – 0.45 15.6 – 6.9

Soils are not common in 
cut flower production

* One broadcast acre-inch of water is 27,154 gallons. One bed acre-inch of water is 16,293 gallons.  

Potential ProduCts – strengths and Weaknesses

Currently there are no chemical products that will take the place of methyl bromide/chloropicrin. There 
have been no registrations of new products, however there is one product, iodomethane (MidasTM), that 
has been submitted for registration (see discussion under “Products Needing Registration”).
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Much of the successful research has evaluated either combinations of 1,3-dichloropropene and 
chloropicrin or a newly registered formulation of these products (InlineTM). Other research has shown 
the benefits of sequential drip applications of one or both of these pesticides followed by metam one 
week later. Most successful control treatments have been tailored to the pest complex present at a site. 
If the principal pest is a soil-borne pathogen, a treatment of chloropicrin may be all that is needed. If 
nematodes are present, a treatment of 1,3-dichloropropene is suggested. Depending upon the weed 
spectrum present, a mixture of 1,3-dichloropropene and chloropicrin following a Dazomet® or metam 
treatment, or followed by a metam treatment, is effective. Thus, a satisfactory treatment system will be 
more complicated than just a preplant fumigation with methyl bromide/chloropicrin. There are certain 
species that are still not controlled well with any registered treatment. The weeds that are not controlled 
well include cheeseweed, clovers and filaree. In some experiments, propagules (bulbs or rhizomes) of 
previous crops are not controlled well.

FuMIgAntS

table 10. Application Rate and Activity of Fumigants.

 activity againSt

common name trade name broadcaSt
 rateS/a

nematodeS fungi WeedS commentS

1,3-dichloropropene Telone II® 9-12 gal
 (shank)

Excellent Poor Fair Liquid that diffuses as a gas through soil.
Effective against nematodes and insects.
Rates vary with soil texture and efficacy 
strongly affected by soil moisture and
temperature. (1 gal = 10.1 lbs).

1,3-dichloropropene
plus chloropicrin

Telone C35®

InLineTM 

28-33 gal
(shank)

23 gal
 (drip)

Excellent

Excellent

Very good  

Excellent

Fair

Good†

Most effective for control of nematodes, 
fungal pathogens, and insects.
(1 gal = 11.1 lbs).

InLineTM  requires plastic mulch. 
(1 gal = 11.2 lbs).

chloropicrin TriClor®
MetaPicrin®

15-30 gal
  (shank)

15-22 gal
(drip)

Fair

Good

Excellent

Excellent 

Poor

Fair†

Liquid that diffuses as a gas through soil. 
Very effective for control of soil-borne
fungal pathogens and insects. 

Drip application requires an emulsifier.
(drip) (1 gal = 13.7 lbs).

dazomet® Basamid® 200 lb/A Good Good Good Soluable powder that is incorporated 
uniformly into soil followed by controlled 
irrigation or tarping. In the presence of 
water, it degrades into the same products 
as metam and controls the same organisms.  
Can be used in many areas, but is not as 
effective as methyl bromide + Pic

iodomethane†† Midas™ 8-20 gal Excellent Very good Excellent Activity is similar to that of methyl 
bromide. not registered!

metam potassium K-Pam HL®
Sectagon-K®

30-60 gal          Good      Good     Good Same as metam sodium
(1 gal contains 5.8 lbs metam potassium).

metam sodium
  

 Vapam HL® 
Sectagon®

37.5-75 gal          Good      Good      Good  Water-soluble liquid that decomposes to
a gaseous fumigant (methyl isothiocyanate).
Efficacy affected by soil texture, moisture, 
temperature, and percent organic matter.
(1 gal contains 4.26 lbs metam sodium).
  

†  Using higher rates or plastic mulch (especially virtually impermeable film) improves weed control.
††  Several formulations of Midas™ (iodomethane plus chloropicrin) are under consideration for federal registration.
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Herbicides have not provided weed control in many flower crops. There are several reasons for this:
1) Crops are often grown in small blocks.
2) Crops are of many species and different families and no single herbicide can be used on many crops.
3) Many flower crops are often of short duration so there may be two, or sometimes three crops rotated 
 in a year. Herbicide residual may severely injure a following crop, thus preventing the rotation 
 desired.
4) In many regions where flowers are principally grown, the primary weeds are broadleaf and we do  
 not have selective post emergence broadleaf herbicides for flower crops. 
5) Many flower crops are grown in some type of enclosed structures. There are no soil residual 
 herbicides registered for enclosed structures. 
 
HERBICIDES

Herbicides can be used at various times before or during the crop cycle. Preplant treatment is normally 
thought of as fumigation; however, several herbicides either with short (less than 4 weeks) or without 
biological residual in the soil (the herbicide is bound to organic or clay particles, so plants will not be 
injured in sandy loam or heavier soils), can be used prior to planting of many crops. Pre-emergence 
herbicides are usually applied after the crop is planted but before weeds emerge. In seeded crops, there 
is generally less crop safety than with transplanted crops, or vegetatively propagated crops. There are 
opportunities to apply a post-emergence herbicide to the weeds before the crop emerges or beds can 
be formed and allow the weeds to germinate and apply a post-emergence herbicide before planting. In 
some instances there are opportunities to apply a selective post-emergence herbicide to the crop. There 
are three herbicides (sethoxydim, fluazifop and clethodim) that will control many grass species without 
injuring broadleaf flower crops, if applied at the correct stage of growth.

table 11. Herbicides currently used in flower crops in California.

 herbicide   rate (lb ai/a)  labeled for cropS 

pre-emergence (to weeds)

Bensulide 6

Dacthal 8 to 12 Gypsophila

Diuron 1 to 2 Dutch Iris, Narcissis

EPTC 1.5 to 3 Preplant to many crops

Isoxaben 1 Bulbs except Dutch Iris

Metalachlor 2 to 3 Daisy, Delphinium, Narcissus, Statice

Linuron 2 to 4 Calla lily, Dutch Iris, Narcissis

Napropamide 4    Calla Lily

Oryzalin 4 Agapanthus, Chrysanthemum, Gladiolus, Gypsophila, Myrtus, 
Rosa,  Strelitzia, Zinnia 

Oxadiazon 2 to 4 Limonium, Gypsophila

Oxyfluorfen 0.5 to 2 Gypsophila

Oxyfluorfen + oryzalin (Rout) 2 plus 1 Gypsophila

Pendimethalin 3 to 6 Gypsophila

Prodiamine 1 to 2

Trifluralin 0.75 to 1 Gypsophila

post-emergence (to weeds)

Diquat 0.5 to 1 Rose

Glyphosate 1 to 4 Prior to planting, not in crop
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Glufosinate 0.5 to 1 Prior to planting, not in crop

Sethoxydim 0.38 to 0.5 Gypsophila

Fluazifop 0.25 to 0.5 Many crops, check label

Clethodim 0.025 to 0.05 plus 
0.5% surfant  

Achillea millefolium Antirrhinum majus, Coreopis, grandiflora, 
grandiflora, Dianthus spp., Iris spp., Zinna elegans 

 
Oxyfluorfen 0.75% to 2 Gypsophila 

preplant (to crop)

Methyl bromide/chloropicrin 350 (50:50 or 33:67) All crops except carnations

Metam sodium 320 All crops

Dazomet® 200 All crops

Trifluralin 0.75 to 1 Most bulbs and some transplants, Narcissus sp.

Diquat 0.75 to 1 All crops

Glyphosate 1 to 4 All crops

Glufosinate 1.9 to 3.7 All crops

NOTE: Check current labels for latest information for each crop, and check if there are varieties or cultivars that should 
not be treated. 

nEMAtICIDES 
Chemicals used as nematicides can be divided into two mode-of-action groups: the non-fumigants and the 
fumigants (Table 12). Interestingly, there are very few materials available, and most current nematicides were 
introduced over 40 years ago. Non-fumigant nematicides have a low vapor pressure and must be physically mixed 
into the soil profile or dispersed through the water. Fumigant nematicides disperse through the soil profile in the 
vapor phase and require air channels between soil particles for their effective movement. 

table 12. nematicides currently available in California.

technical name trade name formulation date of releaSe

NoN-fumigaNts

Carbamates

Aldicarb Temik® Granular 1965

Aldoxycarb Standak® Liquid 1972

Carbofuran Furadan® Granular and liquid 1969

Oxamyl Vydate® Liquid

organophosphates

Ethoprop Mocap® Granular and Liquid 1963

Phenamiphos Nemacur® Granular and Liquid 1969

microbials

Fungal metolite DiTera ES® Liquid 1996

Table 11. continued

 herbicide   rate (lb ai/a)  labeled for cropS 
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technical name trade name formulation date of releaSe

fumigaNts

Halogenated Hydrocarbons

1,3-dichloropropene Telone-II®† Liquid 1956

1,3-dichloropropene Telone EC® Emulsifiable Concentrate

1,3-dichloropropene-chloropicrin In-LineTM Liquid

1,3-dichloropropene-chloropicrin Telone C17® Liquid

1,3-dichloropropene-chloropicrin Telone C35® Liquid

Chloropicrin Chlor-O-Pic® Gas 1908

methyl isocyanate liberators

Sodium methyl dithiocarbamate Vapam®, metam-sodium Liquid 1954

Potassium methyl dithiocarbamate K-Pam® Liquid

Dichloropropene-methyl isocyanate Vorlex® Liquid 1959

Dazomet® Fine granule

Dazomet® Liquid-EC

Carbon Bisulfide Liberators

Enzone® Liquid 1978

 
VII. additional Research Results
 
table 12a. Citrus nematode and soil pathogen change after treatment in a sandy loam soil after preplant 
fumigation in gladiolus - Santa Maria CA, 2001. 
--- treatment rate  nematode  reduction*   Soil pathogenS  
  (lb/a) (%)  (% kill) 
    pythiaceouS general fusarium

MBr/chloropicrin 350 (50:50) 32 b      81 ab 92 cd 99 a

Iodomethane/chloropicrin 300 (50:50) 38 b      42 ab 91 cd 47 ab

Iodomethane/chloropicrin 350 (50:50) 17 b      59 ab 95 bc 98 ab

Metam + C-35 75 gal + 35 gal 93 a      96 ab 100 a 99 a

Metam + 1,3-dichloropropene + chloropicrin 75 gal + 15 gal + 200 lb 97 a    100 a 100 a 100 a

Dazomet® + C-35 200 lb + 35 gal 95 a      98 ab 99 abc 99 a

Dazomet® + 1,3-dichloropropene + chloropicrin 200 lb + 15 gal + 200 lb 96 a    100 a 99 abc 99 a

Metam 75 gal 98 a      82 ab 99 abc 98 ab

Untreated 3 c       0 b 52 d 61 b

* Reduction (%) compared to the pretreatment numbers.
NOTE: Nematode control likely was influenced by the low soil moisture at treatment of the shank treatments of MB:Pic 
and iodomethane/Pic.   

Table 12. continued
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table 12b. Soil pathogen change after treatment in a sandy loam soil after preplant fumigation in 
gladiolus - Santa Maria CA, 2002.

 treatment  rate   pythiaceouS     general        fusarium
 (lb/a)  (% kill)

MBr/chloropicrin                 350 (50:50)                  99 ab                   31 c             97 ab

Iodomethane/chloropicrin                 300 (50:50)                  95 bc                  97 ab              94 bc

Iodomethane/chloropicrin               300 (200/100)                  93 bc                   94 ab             90 bcd

Iodomethane/chloropicrin               300 (100/200)                  99 ab                  100 a              97 ab

Metam + C-35               75 gal + 35 gal                  100 a                  100 a             100 a

Dazomet® + C-35               200 lb + 35 gal                  100 a                  100 a             100 a

Metam + C-35               50 gal + 35 gal                  100 a                  100 a             100 a

Sodium Azide (Agrizide®)                       100 gal                  79 bc                  87 bc             74 cd

Untreated S – preirrigated                                          64 c                  24 c             19 cd

Untreated N – not preirrigated                                         30 c                   42 c              0 d

table 13. Soil pathogen control in field soil after preplant treatments at Carlsbad CA. Second year on 
same site, 2002.
 treatment   rate pythiaceouS     fusarium  general
   (% kill)

MBr/chloropicrin 350 lb/A      94 a 75 bc 94 ab

Iodomethane/chloropicrin 300 lb/A    100 a 73 bc  93 ab

Iodomethane/chloropicrin 350 lb/A    100 a  94 ab  97 ab

Untreated control      62 b  0 c  76 d

Metam/C-35 75 gal/35 gal      Na  84 b 98 ab

Metam/Telone®/chloropicrin 75 gal/15 gal/200 lb      Na  99 ab  100 a

Metam 75 gal      Na 100 a  100 a

Dazomet®/C-35 151 lb/35 gal      Na 100 a  100 a

Dazomet®/Telone®/chloropicrin 151 lb/15 gal/200 lb      Na  100 a 100 a

Untreated control      Na 20 bc  86 cd

Na = not applicable.

WEEDS 

Products having a history of weed control as an alternative to MB:CP include metam or Dazomet®. 
Metam is a liquid formulation that has been sprinkler irrigated, drip irrigated or incorporated into the 
soil. Dazomet® is a fine granular formulation that is applied to the soil surface and then incorporated 
into the soil either mechanically or with a series of sprinkler irrigations. Usually, a polyethylene cover 
is placed over the treated area to improve control. To be effective, both materials must convert to 
methyl isothiocyanate (the active compound) which must be moved into the zone where the weed is 
germinating to kill the new seedling. If the weed germinates below or above the chemical, it will establish 
and become a problem. These materials are generally used with other pesticides to help control a broad 
spectrum of soil pests. The results of these pesticides have been somewhat mixed because they have not 
been placed where the pests are located so control is not complete. 
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Research has shown that as rates of chloropicrin have increased in the methyl bromide formulated 
product, there is some weed control from chloropicrin. Most of the early work with chloropicrin used 
shank-applied materials. More recently, chloropicrin has been applied in a different formulation through 
the drip system and weed control has improved. Drip applications with 200 to 300 lb/A of chloropicrin 
have controlled many annual weed species. 

Other products that have been available and used extensively in California combine 1,3-dichloropropene 
and chloropicrin. These products have generally been used for soil pathogen and nematode control 
with shank application. By themselves, they have not given acceptable control of weeds. A more recent 
reformulation of these two products (InlineTM ) has improved control.

Some of the best weed control achieved with current products has been a combination series of 
treatments. These were studied at three locations in California over two years and at an additional 
location for one year. This treatment consists of metam (75 gallons) applied through a subsurface blade 
at about 4 inches and followed by an incorporator set to 6 inches followed by a power packer (rig built by 
Tri-Cal Inc.) This was followed with a standard fumigation rig of 1,3-dichloropropene and chloropicrin 
(C-35) at 35 gallons/A followed immediately on the same machine with a tarp. The soil was pre-irrigated 
so it would be moist at the time of treatment and the chemical conversion could occur. Dazomet® was 
substituted for the metam by applying 200 lb/A to the soil surface before mechanical incorporation and 
then the other materials were applied and tarped. Similar results were achieved if the C-35 formulation 
at 35 gallon/A was split into an application of 1,3-dichloropropene at 15 gallons and chloropicrin at 200 
lb/A. The weed control was very similar to methyl bromide/chloropicrin at 350 lb/A shank applied. 
Weed control with metam sub-surfaced, bladed and incorporated without tarping was not as effective 
as when tarped, or metam or Dazomet® alone with tarp without the sequential treatments did not give 
effective weed control.

Drip applications of chloropicrin at 200 or 300 lb/A also controlled easy-to-kill weeds such as annual 
bluegrass and swinecress, but were not effective for little mallow and clover in a sandy soil at two 
locations.  

table 14. Cost of hand-weeding ($/A) in addition to preplant treatments in Delphinium belladonna 
transplants, Calla lily bulbs and direct-seeded column stock.

 treatment  rate   DeLpHiNium (tranSplantS)    Stock calla bulbS 
  2001 2002 2002 2001

Metam + C-35           75 gal + 35 gal    39.09   126.50    159.50    68.90

Metam + 1,3-dichloropropene + Pic 75 gal + 15 gal + 200 lb    63.62     95.86

Metam                        75 gal   384.52   126.50    275.00  941.63

Dazomet® + C-35     200 lb + 35 gal    58.77   181.60    324.50    64.91

Dazomet® + 1,3-dichloropropene + Pic 200 lb + 15 gal + 200 lb   274.06   289.92

Dazomet®                 200 lb     760.50  1,589.50   

1,3-dichloropropene + Pic  35 gal     209.00     390.50    

Metam-untarped        75 gal   479.48     814.82

Untreated – tarped for 1 wk   768.49  1,193.50   3,212.00  1,390.98
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CoMParisons With ProduCts that are not Yet registered
 
SOIl PAtHOgEnS 
 
table 15. Presence of soil-borne fungi in Ranunculus tubers after harvest - Carlsbad CA, 2003. 
--- 
 treatment  rate pythium*  fuSarium

Methyl bromide/chloropicrin  350 lb/A     1.5 a 1.5 a

Iodomethane/chloropicrin 300 lb/A 1.5 a 5.9 a

Iodomethane/chloropicrin 350 lb/A 2.2 a 2.7 a

Untreated control 1.0 a 4.2 a

* Recovery of organism from cultured root pieces (maximum = 8).
There were no statistical differences between treatments, though there seems to be better Fusarium control with the 
methyl bromide/chloropicrin mixture standard than other treatments at this location.

table 16. Presence of soil-borne fungi in Ranunculus tubers after harvest - Carlsbad CA, 2003.

 treatment   rate   pytHium**  fusarium

Metam/C-35                              75 gal/35 gal 1.7 a 3.7 a

Metam/Telone®/chloropicrin                        75 gal/15 gal/200lb 3.0 a 4.5 a

Metam                                   75 gal 2.7 a 5.0 a

Dazomet®/C-35                            151 lb/35 gal 1.0 a 4.5 a

Dazomet®/Telone®/chloropicrin                      151 lb/15 gal/200lb 1.5 a 4.5 a

Untreated control                                    4.0 a 5.0 a

** Recovery of organism from cultured root pieces (maximum = 8).
Treatments were not statistically different, however it would appear that treatments did affect recovery of Pythium with 
either Dazomet® treatments or metam alone. Fusarium recovery was not affected by treatment in this study.

table 17. Presence of soil-borne fungi in Ranunculus tubers after harvest of drip treated pesticides - 
Carlsbad CA, 2003.

 treatment  rate  pytHium†  fusarium

Metam     325 lb/A 1.3 a 3.8 a

Iodomethane/chloropicrin 350 lb (50:50)   1.5 a 2.7 a

Chloropicrin      150 lb/A 1.8 a 3.5 a

Chloropicrin      300 lb/A 2.7 a 2.7 a

Sodium azide      100 lb/A 2.2 a 2.0 a

1,3-dichloropropene + chloropicrin      150 Lb/A 2.8 a 2.8 a

1,3-dichloropropene + chloropicrin      300 lb/A 3.0 a 2.0 a

Untreated control      1.5 a 3.3 a

† Recovery of organism from cultured root pieces (maximum = 8).
Treatments were not statistically different from each other.
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nEMAtODES

table 18. Citrus nematode control at 15-cm depth in satchets and Fusarium control in satchets at 15-cm 
and 30-cm after preplant fumigation with fumigants in 20 gallon pots in the field - uC Davis, 2002. 

 treatment rate *   citruS nematode                                       fusarium (% kill) 
  (no.)    **  5-cm  30-cm

Sodium azide (Agrizide®)      60 lb/A      7.8 de 100 a              91 a 

Sodium azide (Agrizide®)    100 lb/A      0.0 e 100 a              91 ab

Plant Pro 20 EC®      60 lb/A    76.4 a 0 c                0 c

Plant Pro 20 EC®     100 lb/A    12.6 d  0 c              36 c

Metam + Furfural FF  50 gal + 600 lb/A      4.8 de 99 a             84 ab

Metam     50 gal/A      0.0 e  99 a             73 abc

Furfural FFA (6%)   400 lb/A    10.8 d 83 ab             34 bc

Furfural + acetic acid 400 lb/A + 2.5%    13.8 cd 29 bc             74 abc

Furfural FF    600 lb/A    23.8 c  99 a             73 abc

Untreated         51.4 b  0 c               0 c

* Applied in 1.5 acre inch of water.
** Mean number of nematodes per sample.

table 19. Tylenchulus semipenetrans survival (no./5 gm soil from sachets) after treatment of preplant drip 
applications of pesticides - uC Davis, 2002.

 treatment rate ------------------depth------------------
 (lb/a)  15-cm 30-cm

Sodium azide (CEP100) 60                            0.7 c                             0.7 c

Sodium azide 100                            2.0 c                             0.0 c

Sodium azide (Agrizide®) 100                            1.3 c                             2.7 c

Sodium azide 150                            0.7 c                             2.7 c

1,3-dichloropropene + chloropicrin (InlineTM ) 150                            2.7 c                             0.0 c

1,3-D + chloropicrin (InlineTM ) 300                            0.0 c                             0.0 c

Metam 320                            0.0 c                             0.0 c

Furfural + AITC (6%) 600                          11.3 b                           197.3 a

Furfural/AITC + metam 600 + 320                            0.0 c                             0.0 c

Water                         104.0 a                            78.7 b

 
WEEDS

Many new products have been evaluated for weed control as an alternative for methyl bromide/
chloropicrin (Tables 19, 20, 21 on pgs 29 and 31). An extensive series of field pot studies were done 
to evaluate the possibility of using propargyl bromide alone as an alternative. Rates of 25, 50, 75, 100, 
and 150 lb/A were applied in simulated shank treatments at 12-inches depth in soil at three locations 
including Davis and two sites in the Watsonville area. These were compared to methyl bromide/
chloropicrin at 350 lb/A (standard) using the same methods. Included in the same studies were 
iodomethane at 100 and 150 lb/A and metam at 320 lb/A (standard). Though propargyl bromide 
controlled all organisms at rates of 75 lb/A or above, this product does not have a manufacturer and the 
research was discontinued. 
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Iodomethane alone was very effective for weed control at both rates but 150 lbs/A was more effective 
than 100 lb/A for weed control applied as simulated shank application. Little mallow was not effectively 
controlled in seed packets throughout the profile with iodomethane. Metam was effective for weeds if 
the application was done correctly in field pots. When the material was applied to the soil surface without 
irrigation it was only effective for weed control at the surface (5-cm) and not at 15-cm depth. When it was 
applied throughout the soil profile it provided weed control from surface to 30-cm depth.

Iodomethane/chloropicrin at 350 lb/A (50:50) gave effective weed control when shanked into soil at 18 
inch depth using the Tri-Cal equipment. Weed control was very similar to methyl bromide/chloropicrin 
at the 350 lb/A rate. It was no better than the standard treatment. In drip irrigated trials where the soil 
was preirrigated, then 1 inch of water was used to apply the material in a sandy soil followed with 0.5- 
inch to clear the lines, weed control was decreased compared to shank application. In a later study in 
the same soil, less water was applied before and after application, and better weed control was achieved, 
except with difficult-to-control little mallow and California bur clover. 

The combination of 1,3-dichloropropene/chloropicrin (InlineTM ) was applied at 150 and 300 lb/A 
though a drip line at Carlsbad, CA in a sandy soil. Resident annual weed control, yellow nutsedge nutlets 
and planted Ranunculus bulbs were controlled at both rates but were better at the high rate. Additional 
research should be conducted with this combination and labeled for field grown flower crops and 
possibly for open house treatment as a preplant treatment. 

Furfural alone at 400 to 600 lb/A controlled redroot pigweed and common purslane from seed in small 
pot tests in the lathhouse. In field pot tests, control was not as consistently good, probably due to the 
poor chemical distribution throughout the soil profile. With the addition of 6% allyl isothiocyanate 
(AITC), weed control was only slightly improved. The greatest improvement of any addition to furfural 
for weed control was to add metam at 50 gal/A through the drip system. The weed control from this 
combination however was not different than metam alone at 50 gal/A.

Propylene oxide at 100 lb/A did not give weed control in the one drip study conducted at UC Davis in a 
Yolo sandy loam soil. 

Sodium azide was applied in a simulated drip application in the lathhouse, field drip and subsurface 
blade and incorporation trials. In initial drip trials, weed control was excellent if the material was moved 
with the water front in loam soil. When applied in a sandy soil, the control was decreased when a large 
preirrigation was applied and the material applied in 1 acre inch followed by 0.5 acre inch to wash the 
lines. In a later trial in the same soil and less water for pre-irrigation, the control of annual weeds was 
increased, however yellow nutsedge nutlets were not controlled in Carlsbad or at UC Davis. In the field 
bladed/incorporated trial in moist soil, cormlets of gladiolus increased in number in the sodium azide 
treated areas compared to the untreated plots. Most annual weeds such as: hairy nightshade, nettleleaf 
goosefoot and lambsquarters, were controlled in Santa Maria.  

Acetic acid was applied as a drip treatment to evaluate yellow nutsedge control in the lathhouse and field. 
In pots in the lathhouse at concentrations of 1.5, 2.5 and 5%, yellow nutsedge nutlets were controlled 
using 1.5 acre inches of water for simulated irrigation. In the field, in a Yolo sandy loam soil, the acetic 
acid did not move laterally enough from the drip line to give adequate control. This research should be 
followed up with more precise application techniques for nutsedge control.
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table 20. Control of Poa annua (annual bluegrass) seed and Cyperus esculentus (yellow nutsedge) nutlets 
after preplant drip application of pesticides in native soil - Carlsbad CA, 2002.

 treatment   rate (lb/a)  poa aNNua  C. esCuLeNtus    
  5-cm 15-cm  5-cm depth   
           -----------------% germination ------------------

Metam 325         0 c                           0 c                         100 a 

Iodomethane/chloropicrin 350         0 c                           0 c                         100 a

chloropicrin 150         0 c                           0 c                         100 a

chloropicrin 300         0 c                           0 c                         100 a

Sodium azide 100       28.3 b                       31.2 b                         48 b

1,3-dichloropropene/Chloropicrin (InlineTM ) 150         0 c                           0 c                         100 a

1,3-dichloropropene/Chloropicrin 300         0 c                           0 c                         100 a

Untreated-tarped       90.3 a                       96.3 a                         6.7 c

table 21. Weed control from preplant drip irrigation of herbicides evaluated 26 days after treatment - 
uC Davis, 2001*.

 treatment rate  Wild muStard poa annua red maidS chickWeed purSlane  henbit 

Metam 320 10.0 a 10.0 a 9.0 a   9.5 a 10.0 a 10.0 a

Sodium azide  60 10 0 a 10.0 a 7.2 bc   9.0 a 10.0 a 10.0 a

Sodium azide 100 10.0 a 10.0 a 8.9 ab 10.0 a 10.0 a 10.0 a

Acetic acid 1%   2.5 d   3.2 c 5.2 c   3.2 c   4.2 c   3.0 c

Acetic acid 1.5%   5.2 c   5.8 b 7.0 c   5.2 b   7.0 b   5.8 b

Acetic acid 2.5%   7.0 b   6.8 b 8.6 abc   6.0 b   6.8 b   7.0 b

Control   0.0 e   0.0 d 0.0 e   0.0 d   0.0 d   0.0 d

LSD P=0.05 1.003 1.115 1.731 1.088 0.941 1.259

* Weed control: 0 = no control; 10 = complete control.

CheMiCal fuMigant ProduCts evaluated for Pest Control PrePlant to floWer CroPs

table 22. Preplant control of gladiolus cormlets, and field bindweed and rough pigweed seedlings, pot 
test using tarp covered or uncovered treatments†.

 treatment rough pigWeed†† field bindWeed††  gLaDioLus cormletS

Water dripped control      
       

 243.4 a   10.8 a     1.0 ab

Acetic acid 0.5% uncovered             
               

    86.6 b      4.6 b  1.8 a   

Acetic acid 2.5% uncovered                                         0.8 c                            1.0 bc  0.8 b

Acetic acid 5% uncovered                
 

                          0.0 c        2.0 bc 0.0 c

Acetic acid 0.5% covered                             
 

      2.6 c      4.2 b 0.0 c

Acetic acid 2.5% covered            
       

      0.0 c                            1.2 bc 0.0 c

Acetic acid 5% covered          
       

     0.0 c     0.2 c 0.0 c

Metam sodium 350 lb/A            
       

    0.0 c     2.6 bc 0.0 c
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Furfural/AITC 400 lb/A covered              0.0 c                            2.4 bc 0.0 c

Furfural/AITC 600 lb/A covered         
 

    0.0 c     3.2 bc    0.2 bc

Water dripped control covered       
     

  78.8 b   4.2 b 0.0 c

LSD P = 0.05          
       

 31.01                            3.626 0.89

† Mean separation within columns by Fischer’s Protected LSD at P = 0.05.
†† Total seedlings per container. 

table 23. Chemical fumigant products evaluated for pest control preplant to flower crops.

 treatment         formulationS   rateS     method

Iodomethane/chloropicrin          50:50 Shank, drip

1,3-dichloropropene + chloropicrin (InlineTM ) 150, 200, 300      Drip

Furfural (Multigard) 400, 600      Drip

Furfural AITC (6%) 400, 600      Drip

Furfural AITC (6)%+ metam 400 + 50 gal      Drip

Sodium azide (Agrizide®) 60, 100, 150 Blade (Incorp), drip

Sodium azide (CEP 100) 60, 100     Drip           

Propylene oxide 60, 100     Drip

Acetic acid  .5, 1.0, 2.5, 5     Drip

Propargyl bromide 25, 50, 75, 100, 150    Shank            

VIII. What are the alternatives for Methyl bromide after Phase out?
Practices for the control of most nematodes and soil pathogens will be similar to those of recent years. 
Where possible, crop rotation will be a main method of suppressing pest buildup in any field. It is 
possible that Brassicaceae cover crops will be grown in some locations to reduce nematode and certain 
soil pathogens, though fumigation will be a mainstay of most programs. In most cases, the rate of 
chloropicrin will likely be increased over current rates. Total quantity of 1,3-dichloropropene is tightly 
regulated by townships. Since weeds will not be controlled as well as the MB:CP mixture with alternative 
single products, either metam sodium or Dazomet® will be used where high weed populations are 
expected. Shank applications will be continued, however, some acreage will shift to pre-bedding and  
drip applications on the bedtop. One of the principal combinations will be the emulsified  
1,3-dichloropropene plus chloropicrin treatment through drip tubes followed one week later with  
a drip application of metam. 
 
Some topography (up and down slopes) does not lend itself to drip irrigation. High density plastic will 
be used with most treatments, however, virtually impermeable film (VIF) will be used over higher rates 
of chloropicrin on bed applications. New plastics are being evaluated and may give a control benefit with 
less cost.

Finally, after achieving the goals of clean planting stock, and a clean (nematode or pathogen free) 
planting medium, it will be necessary to minimize the risk of infestation through movement of irrigation 
water or contaminated equipment. In the case of greenhouse grown plants where foliar contact can 
facilitate movement of foliar nematodes between plants, careful monitoring and rouging of potential 
sources of infestation will be necessary. Since foliar nematodes and many soil pathogens survive well in 
dead foliage and plant debris, and weed seeds store in the seedbank, sanitation between plantings is 
essential.

Table 22. continued

 treatment rough pigWeed†† field bindWeed†† gLaDioLus cormletS
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IX. appendices
Appendix 1. California records of nematode-ornamental plants associations organized by plant genus. 
Data from Ferris and Caswell-Chen (1997); Dreistadt (2001).

plant name common name nematode

Agapanthus sp. Agapanthus Meloidogyne spp.

Ageratum sp. Aphelenchoides sp.

Amaranthus sp. Amaranthus Meloidogyne incognita, Pratylenchus neglectus, Pratylenchus scribneri, 
Tylenchorhynchus clarus

Amaryllis sp. Amaryllis Ditylenchus dipsaci

Anemone sp. Anemone Aphelenchoides sp.

Anthurium sp. Aphelenchoides sp., Meloidogyne spp., Radopholus similis 

Antirrhinum sp. Snapdragon Aphelenchoides sp., Mesocriconema curvata, Meloidogyne incognita, Meloidogyne 
spp., Merlinius brevidens, Paratrichodorus minor, Pratylenchus penetrans, Pratylenchus 
vulnus, Rotylenchus robustus

Arctotsis sp. African Daisy Meloidogyne incognita

Artemisia sp. Sagebrush Helicotylenchus dihystera, Meloidogyne hapla, Meloidogyne spp., Tylenchorhynchus 
spp.

Asplenicum spp. Fern Aphelenchoides sp.

Aster spp. Michaelmas daisy Aphelenchoides ritzemabosi, Helicotylenchus sp., Meloidogyne sp., Paratylenchus sp., 
Pratylenchus coffeae, Pratylenchus crenatus, Pratylenchus penetrans, Scutellonema 
brachyurum, Tylenchorhynchus clarus

Begonia sp. Begonia Aphelenchoides sp., Meloidogyne sp.

Calceolaria sp. Aphelenchoides sp.

Calendula sp. Calendula Meloidogyne spp., Scutellonema brachyurum, Xiphinema americanum

Camellia sp. Helicotylenchus sp., Tylenchorhynchus sp.

Cassia sp. Cassia Meloidogyne spp.

Celosia sp. Celosia Mesocriconema mutabile, Meloidogyne spp., Paratrichodorus minor, Paratylenchus 
spp., Xiphinema americanum

Centaurea sp. Knapweed Merlinius brevidens, Tylenchorhunchus spp.

Chrysanthemum sp. Chrysanthemum Aphelenchoides sp., Meloidogyne sp., Pratylenchus sp.

Coreopsis sp. Tickseed Helicotylenchus californicus, Xiphinema sp.

Cyclamen sp. Cyclamen Aphelenchoides sp.

Cymbidium sp. Orchid Aphelenchoides sp.

Dahlia sp. Dahlia Aphelenchoides sp., Meloidogyne sp., Pratylenchus sp.

Delphinium sp. Larkspur Aphelenchoides sp., Pratylenchus penetrans, Pratylenchus penetrans, 
Tylenchorhynchus spp.

Dianthus sp. Carnation Mesocriconema mutabile, Mesocriconema sp., Meloidogyne spp., Paratylenchus 
hamatus, Paratylenchus spp., Pratylenchus penetrans, Rotylenchus robustus, 
Trichodorus sp., Tylenchorhynchus sp.

Dieffenbachia sp. Meloidogyne sp.

Digitalis sp. Foxglove Aphelenchoides sp.

Eschscholzia californica California poppy Meloidogyne spp.

Euphorbia sp. Poinsettia Meloidogyne spp.

Gardenia sp. Meloidogyne spp.

Gerbera sp. Gerbera daisy Ditylenchus dipsaci, Meloidodera sp., Meloidogyne hapla, Meloidogyne sp., Xiphinema 
americanum

Gladiolus sp. Gladiolus Ditylenchus dipsaci, Helicotylenchus dihystera, Heterodera spp., Meloidogyne 
incognita, Meloidogyne spp., Paratylenchus hamatus, Paratylenchus spp., Pratylenchus 
neglectus, Pratylenchus penetrans, Xiphinema americanum

Gloxinia sp. Aphelenchoides sp., Meloidogyne sp.

Gypsophila sp. Baby’s breath Meloidogyne spp., Helicotylenchus dihystera

Helianthus annuus Sunflower Meloidogyne spp., Merlinius grandis, Pratylenchus neglectus, Tylenchorhynchus clarus, 
Xiphinema americanum
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plant name common name nematode

Helichrysum sp. Helichrysum Ditylenchus spp., Meloidogyne spp., Prtaylenchus thornei

Hydrangea sp. Hydrangea Aphelenchoides sp., Meloidogyne sp., Pratylenchus sp.

Hypericum sp. St. John’s Wort Meloidogyne spp., Pratylenchus neglectus, Pratylenchus thornei

Iberis sp. Candytuft Meloidogyne sp.

Impatiens sp. Balsam Aphelenchoides sp., Meloidogyne spp.

Ipomoea spp. Morning glory Helicotylenchus digonicus, Meloidogyne incognita, Meloidogyne javanica, 
Meloidogyne spp., Pratylenchus neglectus, Trichodorus spp., Tylenchorhynchus clarus

Iris sp. Aphelenchoides fragariae, Ditylenchus destructor, Helicotylenchus digonicus, 
Helicotylenchus dihystera, Helicotylenchus spp., Heterodera spp., Meloidogyne hapla, 
Meloidogyne javanica, Meloidogyne spp., Merlinius brevidens, Paratylenchus hamatus, 
Pratylenchus crenatus, Pratylenchus neglectus, Pratylenchus penetrans, Pratylenchus 
thornei, Pratylenchus vulnus, Psilenchus sp., Rotylenchus spp., Scutellonema 
brachyurum, Trichodorus spp., Tylenchorhynchus clarus, Tylenchorhynchus dubius, 
Xiphinema americanum, Xiphinema index, Xiphinema sp., Xiphinema vuitetnezi

Lathyrus sp. Sweetpea Meloidogyne sp.

Liatris sp. Meloidogyne spp.

Lilium sp. Aphelenchoides fragariae, Aphelenchoides ritzemabosi, Ditylenchus dipsaci, 
Helicotylenchus digonicus, Heterodera spp., Heterodera trifolii, Longidorus spp., 
Meloidogyne incognita, Meloidogyne spp., Merlinius brevidens, Mesocriconema spp., 
Mesocriconema xenoplax, Paratylenchus spp., Pratylenchus coffeae, Pratylenchus 
convallariae, Pratylenchus neglectus, Pratylenchus penetrans, Pratylenchus 
spp., Pratylenchus thornei, Pratylenchus vulnus, Scutellonema brachyurum, 
Tylenchorhynchus spp., Xiphinema americanum

Lilium longiflorum Easter lily Pratylenchus penetrans

Linaria sp. Toadflax Meloidogyne sp.

Lobelia sp. Lobelia Meloidogyne spp.

Lupinus sp. Lupine Mesocriconema curvata, Ditylenchus dipsaci, Meloidogyne sp., Merlinius brevidens, 
Pratylenchus neglectus, Pratylenchus thornei, Trichodorus porosus, Tylenchorhynchus 
sp.

Narcissus sp. Aphelenchoides sp., Ditylenchus dipsaci, Pratylenchus sp.

Nasturtium sp. Nasturtium Meloidogyne spp., Scutellonema brachyurum, Xiphinema spp.

Oenothera sp. Evening primrose Meloidogyne sp.

Paeonia sp. Peony Meloidogyne sp.

Pelargonium sp. Pelargonium Aphelenchoides sp.

Petunia sp. Petunia Helicotylenchus spp., Meloidogyne spp., Mesocriconema spp., Pratylenchus crenatus, 
Pratylenchus penetrans, Tylenchorhynchus clarus

Philodendron sp. Philodendron Meloidogyne spp., Radopholus similis

Phlox spp. Phlox Ditylenchus dipsaci, Meloidogyne sp., Paratylenchus sp., Pratylenchus penetrans, 
Tylenchorhynchus dubius

Portulaca sp. Portulaca Pratylenchus vulnus

Ranunculus sp. Ranunculus Pratylenchus spp.

Rhododendron sp. Rhododendron Aphelenchoides sp., Ditylenchus dipsaci, Pratylenchus sp., Trichodorus sp., 
Tylenchorhynchus sp., Xiphinema sp.

Rosa sp. Rose Bakernema variabile, Cryphodera utahensis, Helicotylenchus digonicus, 
Helicotylenchus dihystera, Helicotylenchus spp., Hoplolaimus californicus, Meloidogyne 
hapla, Meloidogyne javanica, Meloidogyne spp., Merlinius brevidens, Mesocriconema 
mutabile, Mesocriconema spp., Mesocriconema xenoplax, Paratrichodorus minor, 
Paratylenchus hamatus, Paratylenchus spp., Pratylenchus coffeae, Pratylenchus 
crenatus, Pratylenchus neglectus, Pratylenchus penetrans, Pratylenchus scribneri, 
Pratylenchus spp., Pratylenchus thornei, Pratylenchus vulnus, Rotylenchus robustus, 
Scutellonema brachyurum, Trichodorus californicus
Trichodorus porosus, Tylenchorhynchus capitatus, Tylenchorhynchus clarus, 
Tylenchorhynchus claytoni, Tylenchorhynchus spp., Xiphinem brevicolle, Xiphinema 
americanum, Xiphinema spp., Xiphinema vuittenizi

Appendix 1. continued
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plant name common name nematode

Rudbeckia hirta Blackeyed susan Aphelenchoides sp., Meloidogyne spp.

Saintpaulia sp. African violet Aphelenchoides sp., Meloidogyne spp.

Schlumbergera sp. Christmas cactus Cactodera cacti

Strelitzia sp. Bird of paradise Ditylenchus dipsaci, Helicotylenchus sp., Meloidogyne spp.

Tagetes spp. Marigold Pratylenchus coffeae

Verbena sp. Aphelenchoides sp., Meloidogyne sp.

Veronica sp. Aphelenchoides sp.

Vinca sp. Periwinkle Mesocriconema sp., Helicotylenchus dihystera, Meloidogyne sp., Rotylenchus 
buxophilus

Viola sp. Pansy Aphelenchoides fragariae, Helicotylenchus dihystera, Meloidogyne spp., Paratylenchus 
spp., Pratylenchus neglectus, Pratylenchus penetrans, Tylenchorhynchus spp.

Zantedeschia Calla lily Mesocriconema spp., Helicotylenchus dihystera, Hemicriconemoides spp., Meloidogyne 
spp., Paratylenchus spp., Rotylenchus robustus, Rotylenchus spp., Scutellonema spp., 
Trichodorus spp., Tylenchorhynchus spp., Tylenchulus semipenetrans

Zinnia spp. Zinnia Aphelenchoides sp., Meloidogyne incognita, Mesocriconema sp., Paratylenchus sp., 
Pratylenchus vulnus

Appendix 2. California records of nematode-ornamental plants associations organized by nematode 
species. Data from Ferris and Caswell-Chen (1997); Dreistadt (2001).

 
nematode  plant name

Aphelenchoides fragariae Iris, Lilium, Viola

Aphelenchoides ritzemabosi Aster, Lilium
Aphelenchoides spp. Ageratum, Anemone, Anthurium, Antirrhinum, Begonia, Calceolaria, Chrysanthemum, Cyclamen, 

Cymbidium, Dahlia, Delphinium, Digitalis, Ferns, Gloxinia, Hydrangea, Impatiens, Pelargonium, 
Rhododendron, Rudbeckia, Saintpaulia, Verbena, Veronica, Zinnia

Bakernema variabile Rosa

Cactodera cacti Schlumbergera

Cryphodera utahensis Rosa

Ditylenchus destructor Iris

Ditylenchus dipsaci Amaryllis, Gerbera, Gladiolus, Lilium, Lupinus, Phlox, Rhododendron, Strelitzia

Ditylenchus spp. Helichrysum

Helicotylenchus californicus Coreopsis

Helicotylenchus digonicus Ipomoea, Iris, Lilium, Rosa

Helicotylenchus dihystera Artemisia, Gladiolus, Gypsophila, Iris, Rosa, Vinca, Viola, Zantedeschia

Helicotylenchus spp. Aster, Camellia, Iris, Petunia, Rosa, Strelitzia

Hemicriconemoides spp. Zantedeschia

Heterodera spp. Gladiolus, Iris, Lilium

Heterodera trifolii Lilium

Hoplolaimus californicus Rosa

Longidorus spp. Lilium

Meloidodera sp. Gerbera

Meloidogyne hapla Artemisia, Gerbera, Iris, Rosa

Meloidogyne incognita Amaranthus, Antirrhinum, Arctotsis, Gladiolus, Ipomoea, Lilium, Zinnia

Appendix 1. continued
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Meloidogyne javanica Ipomoea, Iris, Rosa

Meloidogyne spp. Agapanthus, Anthurium, Antirrhinum, Artemisia, Aster, Begonia, Calendula, Cassia, Celosia, 
Chrysanthemum, Dahlia, Dianthus, Dieffenbachia, Eschscholzia californica, Euphorbia, Gardenia, Gerbera, 
Gladiolus, Gypsophila, Helianthus annuus, Helichrysum, Hydrangea, Hypericum, Iberis, Impatiens, 
Ipomoea, Iris, Lathyrus, Liatris, Lilium, Linaria, Lobelia, Lupinus, Nasturtium, Oenothera, Paeonia, Petunia, 
Philodendron, Phlox, Rosa, Rudbeckia hirta, Saintpaulia, Strelitzia, Verbena, Vinca, Viola, Zantedeschia, 
Zinnia

Merlinius brevidens Antirrhinum, Centaurea, Iris, Lilium, Lupinus, Rosa

Merlinius grandis Helianthus annuus

Mesocriconema curvata Antirrhinum, Lupinus

Mesocriconema mutabile Celosia

Mesocriconema mutabile Rosa

Mesocriconema spp. Dianthus, Lilium, Petunia, Rosa, Vinca, Zantedeschia,  Zinnia,

Mesocriconema xenoplax Lilium, Rosa

Paratrichodorus minor Antirrhinum, Celosia, Rosa

Paratylenchus hamatus Dianthus, Gladiolus, Iris, Rosa

Paratylenchus spp. Aster, Phlox, Zinnia, Celosia, Dianthus, Gladiolus, Lilium, Rosa, Viola, Zantedeschia

Pratylenchus coffeae Aster, Lilium, Rosa, Tagetes

Pratylenchus convallariae Lilium

Pratylenchus crenatus Aster, Petunia, Rosa, Iris

Pratylenchus neglectus Amaranthus, Gladiolus, Helianthus annuus, Hypericum, Ipomoea, Iris, Lilium, Lupinus, Rosa, Viola

Pratylenchus penetrans Antirrhinum, Aster, Delphinium, Delphinium, Dianthus, Gladiolus, Iris, Lilium, Petunia, Phlox, Rosa, Viola

Pratylenchus scribneri Amaranthus, Rosa

Pratylenchus spp. Dahlia, Dianthus, Chrysanthemum, Gladiolus, Hydrangea, Iris, Lilium, Narcissus, Ranunculus, Rosa

Pratylenchus thornei Helichrysum, Hypericum, Iris, Lilium, Lupinus, Rosa

Pratylenchus vulnus Antirrhinum, Iris, Lilium, Portulaca, Rosa, Zinnia

Psilenchus sp. Iris

Rotylenchus buxophilus Vinca

Rotylenchus robustus Antirrhinum, Dianthus, Rosa, Zantedeschia

Rotylenchus spp. Iris, Zantedeschia

Scutellonema brachyurum Aster, Calendula, Iris, Lilium, Nasturtium, Rosa

Scutellonema spp. Zantedeschia

Trichodorus californicus Rosa

Trichodorus porosus Lupinus, Rosa

Trichodorus spp. Dianthus, Ipomoea, Iris, Rhodendron, Zantedeschia

Tylenchorhynchus capitatus Rosa

Tylenchorhynchus clarus Amaranthus, Aster, Helianthus annuus, Ipomoea, Iris, Petunia, Rosa

Tylenchorhynchus claytoni Rosa

Tylenchorhynchus dubius Iris, Phlox

Appendix 2. continued
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Tylenchorhynchus spp. Camellia, Dianthus, Lupinus, Artemisia, Centaurea, Delphinium,  Lilium, Rhodendron, Rosa, Viola, 
Zantedeschia

Tylenchulus semipenetrans Zantedeschia

Xiphinema americanum Calendula, Celosia, Gerbera, Gladiolus, Helianthus annuus, Iris, Lilium, Rosa

Xiphinema brevicolle Rosa

Xiphinema index Iris

Xiphinema spp. Coreopsis, Iris, Nasturtium, Rosa

Xiphinema vuittenezi Iris, Rosa

Appendix 3. Common weed species susceptibility to current methyl bromide/chloropicrin preplant 
shank applications.

  name   common name   life cycle*  SuSceptibility

broadleaves mbr/pic 1, 3-
dichloropropene/pic

Conyza bonariensis Fleabane              WA  S S

Conyza canadensis Horseweed              WA  S S

Coronopus didymus Swinecress              WA  S S

Convolvulus arvensis Field bindweed                P   P T

Malva parviflora Little mallow              WA  T T

Medicago polymorpha California bur clover              WA   T T

Montia perfoliata Miner’s lettuce              WA   S S

Melilotus sp. Annual sweet clover                SA  T T

Picris echioides Bristly ox-tongue                B  S

Portulaca oleraceae Common purslane              SA  S S

Ranunculus muricatus  Yellow buttercup                P  S

Rorippa sylvestris  Yellow creeping fieldcress                P  S P

Senecio vulgaris Common groundsel              WA  S S

Spergula arvensis Corn spurry              WA S S

grasses mbr/pic 1, 3-
dichloropropene/pic

Avena fatua  Wild oat              WA  S S

Cynodon dactylon Bermudagrass               P  S P

Echinochloa colona Junglerice              SA  S S

Echinochloa crus-galli Barnyardgrass              SA  S S

Elusine indica Goosegrass              SA  S S

Elytriga repens Quackgrass               P  S P

Hordium jubatum Foxtail barley              WA  S S

Appendix 2. continued
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grasses mbr/pic 1, 3-
dichloropropene/pic

Lolium multiflorum Annual ryegrass              WA  S S

Phalaris canariensis Canarygrass              WA  S S

Poa annua Annual bluegrass              WA  S S

Sorghum halepense Johnsongrass               P  S P

crop reSidual

Iris hybrids  Dutch Iris bulbs P  S

Gladiolus sp.  Gladiolus cormlets and corms P  S

Narcissus hybrids  Narcissus bulbs P  S

Ranunculus asiaticus   Ranunculus bulbs P S S

Zantedeschia aethiopica and hybrids  Calla lily rhizomes P  S S

Susceptibility = S = susceptible, P = partially susceptibile, T = tolerant.

Appendix 4. Herbicides evaluated in California by crop for weed control and tolerance.

 bulbS from Seed tranSplantS-plugS and SeedlingS

product rate dutch iris   ranunculus  Zinnia  delphinium  Snapdragon  Sunflower   l. sinuatum

pre-emergence

Isoxaben 0.75 lb/A x Xt Xt

Isoxaben 1 lb/A Xt x x x xt

Isoxaben 1.5 lb/A  x x x

Isoxaben 2 lb/A Xt

Isoxaben + trifluralin 0.5 + 2 lb/A Xt

Pendimethalin 1.5 lb/A Xt Xt Xt Xt Xt

Pendimethalin 3 lb/A Xt Xt Xt Xt Xt

dithiopyr 0.25 lb/A Xt x x

Dithiopyr 0.5 lb/A x x x

Dithiopyr 1 lb/A x x x

Dimethenamid 2 lb/A Xt Xt

Dimethenamid 4 lb/A Xt

Flumioxazin 0.17 lb/A x

Flumioxazin 0.38 lb/A x

linuron 2 lb/A Xt

Iinuron 4 lb/A Xt

Oxyfluorfen 0.5 lb/A Xt

Oxyfluorfen 0.75 Xt

Oxyfluorfen 1 lb/A Xt
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product rate dutch iris ranunculus Zinnia delphinium Snapdragon Sunflower l. sinuatum

pre-emergence

Oxadiazon 1 lb/A x

Oxadiazon 2 lb/A x x  Xt

Oxadiazon 4 lb/A x  Xt

Oxadiazon + prodiamine 1 + 0.1 lb/A  Xt

Oxadiazon + prodiamine 2 + 0.2 lb/A x  Xt

Oxadiazon + prodiamine 4 + 0.4 lb/A     x        x

Thiazopyr 0.5 lb/A  x 

Thiazopyr 1 lb/A  x

Prodiamine 0.75 lb/A Xt

Prodiamine 1.5 lb/A Xt    Xt    Xt    Xt        Xt

Prodiamine 3 lb/A  x     x    Xt     x        x

Pronamide 1 lb/A    Xt

Pronamide 2 lb/A    Xt

Oxyfluorfen + oryzalin 1 + 0.5 lb/A  x     x        Xt

Oxyfluorfen + oryzalin 2 + 1 lb/A        Xt

Oxyfluorfen + pendimethalin 1 + 0.5 lb/A     x

Quinclorac 0.5 lb/A        x

Quinclorac 1 lb/A Xt

Quinclorac 2 lb/A Xt

Dimethenamid + quinclorac 2 + 1 lb/A Xt

Clopyralid  x
    

x        x

Clopyralid  x
    

x        x

Carfentrazone 0.03 lb/A        x

Carfentrazone 0.06 lb/A        x

Carfentrazone 0.1 lb/A        x

Sulfentrazone 0.25 lb/A       Xt

Sulfentrazone 0.375 lb/A       Xt

Sulfentrazone 0.5 lb/A        x

Sulfentrazone 0.75 lb/A        x

Trifluralin 1.5 lb/A    Xt

Trifluralin 3 lb/A     x

Oryzalin 1.5 lb/A    Xt

Corn gluten meal (CGM) 20 lb/1000 sq ft    Xt       Xt

Corn gluten meal 40 lb/1000 sq ft    Xt       Xt

Corn gluten meal 80 lb/1000 sq ft       Xt

Appendix 4. continued
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product rate dutch iris ranunculus Zinnia delphinium Snapdragon Sunflower
  
l. sinuatum

pre-emergence

Mulches

Yardwaste (composted fine) Xt   Xt   Xt         Xt

Yardwaste 
(composted 6wk coarse) Xt   Xt         Xt

NOTE: “x” indicates that a study was conducted on a crop with this treatment, it does not imply that the crop would 
tolerate the treatment. “Xt” indicates tolerance by the crop to this rate (lb/A) in these studies. 

Appendix 5. Weed control and Fusarium at three depths after solarization for six weeks of treatment -  
uC Davis. 
 treatment  Weed cover (%) fusarium (% kill) 

Field bindweed*       Purslane Junglerice        5-cm      15-cm      30-cm

Single clear polyethylene (Spanish)      2.5 cd      0.0 b      0.0 b  99.5 a    98.9 a   70.7 bc

Single clear polyethylene (Climagro 1.1 mil)      0.0 d      0.0 b      0.0 b  98.5 abc    43.9 c   39.2 bc

Double layer with spacer between      0.0 d      0.0 b      0.0 b  98.7 ab    48.7 c   62.4 ab

Single layer polyethylene over large bubble 
wrap

     0.2 d      0.0 b      0.0 b  99.9 a    97.9 ab   94.3 a

Black embossed over white      4.5 bc      0.0 b      0.0 b  55.0 d    12.1 c     3.0 bc

Green (Climagro 1.1 mil)      0.8 d      0.0 b      0.0 b  86.6 cd    54.5 bc    36.9 c

Brown      0.8 d      0.0 b      0.0 b  84.2 bcd    42.1 c    13.4 c

Uncovered      29.4 a      7.2 a      2.6 a   21.8 e      3.2 c       0.1 c

* Shoot growth, regrowth occurred in all treatments.

Appendix 6. Weed control with soil applied materials and soil solarization - Watsonville, CA.

 corn common black  total WeedS reduction
 treatment  Spurry purSlane  muStard   (no.)   (%)

Composted chicken manure (8T/A) 18.8 0.0† 12.5 43.5 38

Chicken manure + 4 weeks solar   0.0 3.8   0.5   9.1 87

Solarization 4 weeks   1.4 5.8   4.2 18.4 74

Corn Gluten meal + solarization 4 weeks   0.0 2.2   0.2   2.9 96

Chopped broccoli (5 T/A) + solar   0.0 0.5   0.0   0.5 99

Metam  50 gpa + solar††   0.0 3.0   0.5   5.5 92

Untreated 32.0 0.0† 21.8 70.0 0

† Soil remained dry since there was no irrigation or solarization, thus seeds did not establish.
†† Metam was applied in cored holes on a 12-inch grid and the soil was pressed in to seal, before the polyethylene was 
applied.

Appendix 4. continued

 bulbS from Seed tranSplantS-plugS and SeedlingS



41

Appendix 7. Control of Calla lily rhizomes 2 and 5 months after solarization - Watsonville, CA coast*.

      calla Shoot no. calla Shoot no. Shoot vigor
 treatment 2 mo. 5 mo. 2 mo.

Composted chicken manure (8T/A) 48.8 a 38.5 a 6.8

Chicken manure + solarization 4 weeks 41.8 a 34.5 a 6.5

Chopped broccoli (5 dry T/A) 46.0 a 41.5 a 7.2

Chopped broccoli + solar 4 weeks 18.2 b 14.5 b 4.0

Solarization 6 weeks 50.0 a 32.8 a 7.2

Metam 100 gpa   0.0 c   0.5 c 0.5

Untreated 53.0 a 36.0 a 6.0

* Site was 100 yards from the ocean.

Appendix 8a. Presence of soil-borne fungi in Ranunculus tubers after harvest - Carlsbad, CA 2003. 

 treatment  rate   pytHium** fusarium

Methyl bromide/chloropicrin 350 lb/A 1.5 a 1.5 a

Iodomethane/chloropicrin 300 lb/A 1.5 a 5.9 a

Iodomethane/chloropicrin 350 lb/A 2.2 a 2.7 a

Untreated control 1.0 a 4.2 a

**  Recovery of organism from cultured root pieces (maximum = 8).
There were no statistical differences between treatments, though there seems to be better Fusarium control with the 
methyl bromide/chloropicrin mixture standard than other treatments at this location.

Appendix 8b. Presence of soil-borne fungi in Ranunculus tubers after harvest - Carlsbad, CA 2003.

 treatment rate  pytHium†   fusarium

Metam/C-35 75 gal/35 gal 1.7 a 3.7 a

Metam/Telone®/chloropicrin 75 gal/15 gal/200lb 3.0 a 4.5 a

Metam 75 gal 2.7 a 5.0 a

Dazomet®/C-35 151 lb/35 gal 1.0 a 4.5 a

Dazomet®/Telone®/chloropicrin 151 lb/15 gal/200lb 1.5 a 4.5 a

Untreated control 4.0 a 5.0 a

† Recovery of organism from cultured root pieces (maximum = 8) (5= recovery from all root pieces).
Treatments were not statistically different, however it would appear that treatments did affect recovery of Pythium with 
either Dazomet® treatments or metam alone. Fusarium recovery was not affected by treatment in this study.
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Appendix 9. Presence of soil-borne fungi in Ranunculus tubers after harvest of drip treated pesticides -
Carlsbad, CA 2003.

 treatment rate  pytHium* fusarium

Metam 325 lb/A 1.3 a 3.8 a

Iodomethane/chloropicrin 350 lb (50:50%) 1.5 a 2.7 a

Chloropicrin 150 lb/A 1.8 a 3.5 a

Chloropicrin 300 lb/A 2.7 a 2.7 a

Sodium azide 100 lb/A 2.2 a 2.0 a

1,3-dichloropropene + chloropicrin 150 lb/A 2.8 a 2.8 a

1,3-dichloropropene + chloropicrin 300 lb/A 3.0 a 2.0 a

Untreated control 1.5 a 3.3 a

* Recovery of organism from cultured root pieces (maximum = 8) (5=recovery from all root pieces).
Treatments were not statistically different from each other.

Appendix 10. Survival or moldiness of Ranunculus bulbs from 15-cm and 30-cm depth in treatments of 
preplant, drip applied pesticides - uC Davis, 2002. 
          

   raNuNCuLus Survival† moldy tuberS††  fusarium (% kill)

treatment rate (lb/a)         15-cm     30-cm    15-cm    30-cm 15-cm 30-cm

Sodium azide (SEP100)   60       5.0 bc      7.7 ab    7.3 ab 6.3 ab 100 a 100 a

Sodium azide 100       5.3 bc      5.3 bc 5.7 abc 6.3 ab 100 a 100 a

Sodium azide (Agrizide®) 100       5.0 bc      5.0 bc 6.3 abc 5.3 bc 100 a 100 a

Sodium azide 150       5.0 bc      3.7 bcd 5.3 abc 5.7 b 100 a 100 a

1,3-dichloropropene + Pic 150       2.3 cd      1.3 cd 2.3 cde 2.7 cd 100 a   80 bc

1,3-dichloropropene + Pic 300       0.3 d      0.3 d 0.3 de 0.3 d 100 a   48 bc

Metam 320       5.0 bc      5.7 b 4.3 bcd 5.0 bc 100 a 100 a

Furfural + AITC 600       8.7 ab      7.3 ab 7.3 ab 8.0 ab   76 ab     9 c

Furfural/AITC + metam 600 + 320       0.7 d      0.3 d 0.0 e 0.0 d 100 a 100 a

Water control     10.0 a    10.0 a 9.3 a 9.7 a     0 b     0 c

† Survival = 10 is complete survival with hard or sprouting tubers, 0 = soft, molding tubers.
††  Mold measured by visual amount of mold on tubers 10 = moldy, 0 = no mold.
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Appendix 11. Control of Poa annua (annual bluegrass) seed and Cyperus esculentus (yellow nutsedge) 
nutlets after preplant drip application of pesticides in native soil  - Carlsbad CA, 2002.

 treatment  rate (lb/a) poa aNNua C. esCuLeNtus   pythiaceouS    fusarium      general

  5-cm 15-cm 
                     depth   
                                                        ----------------% germination ------------------  (% kill)

Metam 325    0 c           0 c       100 a   71 abc    64 abc   43 abc

Iodomethane/chloropicrin 350    0 c           0 c       100 a     100 a     95 ab     82 a

Chloropicrin 150    0 c           0 c       100 a    66 abc     79 ab   68 abc

Chloropicrin 300    0 c           0 c       100 a   87 abc     98 ab   69 abc

Sodium azide 100  28.3 b      31.2 b         48 b        0 bc     74 bc    36 bc

1,3-dichloropropene/Chloropicrin 
(InlineTM )

150    0 c          0 c       100 a     93 abc       99 a     82 a

1,3-dichloropropene/Chloropicrin 300    0 c          0 c       100 a      95 ab       97 ab    71 ab

Untreated-tarped  90.3 a      96.3 a         6.7 c         0 c         0 c       0 c

Appendix 12. Preplant control of gladiolus cormlets, and field bindweed and rough pigweed seedlings, 
pot test*. 
 treatment rough pigWeed** field bindWeed**    gLaDioLus cormletS

Water dripped control 243.4 a 10.8 a 1.0 ab

Acetic acid 0.5% uncovered   86.6 b   4.6 b 1.8 a  

Acetic acid 2.5% uncovered      0.8 c   1.0 bc 0.8 b

Acetic acid 5% uncovered      0.0 c   2.0 bc 0.0 c

Acetic acid 0.5% covered    2.6 c   4.2 b 0.0 c

Acetic acid 2.5% covered    0.0 c   1.2 bc 0.0 c

 Acetic acid 5% covered    0.0 c   0.2 c 0.0 c

Metam sodium 358 kg/ha    0.0 c   2.6 bc 0.0 c

Furfural/AITC 448 kg/ha covered    0.0 c    2.4 bc 0.0 c

Furfural/AITC 672 kg/ha covered    0.0 c   3.2 bc 0.2 bc

 Water dripped control covered  78.8 b   4.2 b 0.0 c

 LSD P = 0.05 31.01   3.626 0.89

* Mean separation within columns by Fischer’s Protected LSD at P = 0.05.
** Total seedlings per container.
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Appendix 13. Chloropicrin concentration (parts per million) during drip application.
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