


in the United States. The fumigant is 
used primarily for production of 
strawberries, fruit and nut crop or- 
chards and vineyards, vegetable crops 
and nurseries. 

However, MB was identified as a 
risk to the stratospheric ozone layer in 
1992 and targeted for worldwide phase- 
out in 1997 by means of the Montreal 
Protocol, an international treaty. Under 
the current terms of the agreement and 
of the federal Clean Air Act, preplant 
consumption of MB in the United 
States is scheduled to be gradually 
phased out by 2005 (USDA 2000). 

The impending loss of MB as a soil 
fumigant has stimulated intensive ef- 
forts to develop and implement suit- 
able replacement strategies. One of the 
difficulties in replacing MB is that the 
compound is very useful in a wide 
range of operations that are important 
in California agriculture. MB is not the 
first major soil fumigant pesticide re- 
moved from use in California over the 
past 25 years due to regulatory actions 
by various governmental agencies; 
DBCP (1,2-dibromochloropropane) 
and EDB (ethylene dibromide) have 
both lost their registration, and 1,3- 
dichloropropene (Telone 11) was sus- 
pended for several years. 

UC scientists have been continu- 
ously working to develop usable alter- 
natives for soil disinfestation. Many of 
the replacement treatments for methyl 
bromide will be other chemical prod- 
ucts that remain available, including 
1,3-dichloropropene, metam sodium 
and chloropicrin, applied alone or in 
combination. In addition, registration 
is being sought for chemical fumigants 
not currently allowed for use in agri- 
culture, such as methyl iodide and 
propagyl bromide (Stapleton, in 
press). Apart from synthetic chemical 
alternatives, numerous nonchemical 
strategies have also been researched, 
field validated and in some cases 
implemented commercially. For cer- 
tain situations, soil solarization and 
biofumigation are among the most 
useful of the nonchemical disinfesta- 
tion methods. 

Disinfesting with solar heat 
The use of clear polyethylene film 

to cover moistened soil and trap lethal 

amounts of heat from so- 
lar radiation was first re- 
ported by Katan and col- 
leagues in Israel in the 
mid-1970s (Katan 1987). 
DeVay and associates at 
UC Davis began an inten- 
sive research program on 
the promising technique 
shortly thereafter, and the 
term "soil solarization" 
was soon coined to de- 
scribe the process by co- 
operators in the San 
Joaquin Valley. Research- 
ers found that solariza- 
tion could be a useful soil 
disinfestation method, es- 
pecially in areas with hot 
and arid conditions dur- 
ing the summer months, 
such as the Central Valley 
and southern deserts. In 
certain cases, the treat- 
ment has also been effec- 
tive, primarily for weed 
management, in cooler 
coastal areas (Elmore et 
al. 1993). The pesticidal 
activity of solarization 
was found to stem from a combination 
of physical, chemical and biological ef- 
fects, as described in several compre- 
hensive reviews (Katan 1987; Chen et 
al. 1991; DeVay et al. 1991; Stapleton 
1998,2000). 

Although solarization can provide 
excellent soil disinfestation under suit- 
able conditions, it has significant limi- 
tations and should not be considered a 
cure-all or universal replacement for 
MB. For example, solarization is most 
effective close to the surface of the soil 
under climatic and weather conditions 
of high air temperature and long days 
for soil heating. It will not control all 
pest organisms, may require that land 
be taken out of production for 3-to-6- 
week treatments during the summer 
months, and requires disposal of used 
plastic film. Therefore its practical 
value to the user must be assessed by 
several factors, including extent and 
predictability of pesticidal efficacy, ef- 
fect on crop growth and yield, eco- 
nomic cost/benefit and personal pest- 
management philosophy (Stapleton 
1997). 

A Patterson turf grower checks soil tem- 
perature during solarization. 

Adaptability of solarization 

tility, being adaptable to various agri- 
cultural production applications. 

Protected culture. Worldwide, 
probably the major commercial use of 
solarization is in conjunction with 
greenhouse/glasshouse/ plastic-house 
culture, especially in regions where 
the protected crops are grown only in 
the winter. The empty structures can 
be closed in the heat of the summer 
and plastic film laid on the soil for so- 
larization. This method of double in- 
sulation provides a still-air chamber 
above the solarized soil for added 
heating and greater efficacy. Green- 
house solarization is used primarily in 
Japan, the Near East and other Medi- 
terranean countries (Stapleton 1997). 

Nursery production. Solarization 
without combination with a chemical 
pesticide is not suitable for open4ield 
nursery production, due to zero toler- 

Solarization has considerable versa- 
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California Department of Food and Agri- 
culture has approved a solarization tech- 
nique to assure nematode-free produc- 
tion of container-grown nursery stock. 

ance for surviving pathogen 
propagules deeper in the soil. How- 
ever, in containerized nursery pro- 
duction, solarization can provide 
complete eradication of pests. A 
"double-tent" solarization technique, 
which functions in much the same 
way as the greenhouse treatment just 
described, was approved by the Cali- 
fornia Department of Food and Agri- 
culture in 1999 for nematode-free 
production of container-, flat- and 
frame-grown nursery stock. Among 
other mandated details, the ap- 
proved treatment specifies solariza- 
tion of soil at a minimum of 158°F 
(70°C) for at least 30 contiguous min- 
utes (Stapleton et al. 1999). 

Open field production (annual 
crops). Open field cultivation of row 
crops is the setting in which solariza- 
tion was first discovered and tested. 
Soil to be treated should be thoroughly 
moistened either by preirrigation or by 
drip irrigation beneath the clear plastic 
film. Soil can be solarized in fields by 
either complete coverage or by cover- 
ing only the planting beds. This tech- 
nique works best with shallow-rooted, 
late-season crops in warmer locations 
so that the solarization can be done be- 
tween crops in the summer. Complete 
"how-to-do-it" instructions are con- 
tained in DANR bulletin #21377 
(Elmore et al. 1997). 

Open field production (perma- 
nent crops). Solarization can be modi- 

fied for use in 
managing cer- 
tain weed, dis- 
ease and 
nematode 
pests before or 
during estab- 
lishment or re- 
planting of or- 
chard and 
vineyard 
crops, espe- 
cially in warm 
areas such as 
the Central 
Valley. The 
method is 
most useful for 

managing shallowly distributed pests. 
It would not be expected to effectively 
control nematodes, fungi and other 
pests deep in the soil. 

tion with growing plants, treatment 
with black, rather than clear, plastic 
film may be preferable. For example, 
early studies indicated that solariza- 
tion with clear plastic film beginning 
shortly after planting killed almond 
and apricot trees due to excessive heat. 
However, similar treatment with black 
film controlled the disease Verticillium 
wilt without damaging the trees. 
Other benefits included conservation 
of soil moisture and reducing humid- 
ity in the crop canopy (Elmore et al. 
1997). This type of solarization is 
mainly used on a commercial basis in 
the Central Valley for Prunus spp. and 
citrus. Industry sources estimated that 
at least 2,000 acres were treated in this 
manner in 1999 (Stapleton, unpub- 
lished data). 

Although solarization can be an ef- 
fective soil disinfestant, the stand- 
alone process, which largely depends 
on passive solar heating, has inherent 
limitations. Fortunately, it is compat- 
ible with other physical, chemical and 
biological methods of soil disinfesta- 
tion to provide more efficacious and/ 
or predictable treatment through inte- 
gration. As MB is phased out, many 
current users will turn to other pesti- 
cides for soil disinfestation. Combin- 
ing these pesticides (perhaps at lower 
dosages) with solarization (perhaps 
for a shorter treatment period) may 

When using solarization in conjunc- 

prove to be the most popular option 
for users in warm climatic areas who 
want to continue using chemical soil 
disinfestants. 

Biofumigation of soil 
Another useful combination is so- 

larization with various organic 
amendments that have pesticidal ac- 
tivity when incorporated into soil. 
Various mechanisms of pesticidal ac- 
tivity have been reported for these 
amendments. Some may facilitate a 
shift in soil to a community of microf- 
lora that are antagonistic to certain 
soilborne pests. Others release biotoxic 
compounds during their degradation 
in soil. This latter process, especially 
when volatile compounds are released 
into the soil atmosphere by the decom- 
posing amendments, is popularly 
known as "biofumigation" (Stapleton 
1998). 

The biofumigation phenomenon 
has been exemplified by studies done 
by various UC researchers, showing 
that combining solarization with resi- 
dues of cabbage or other Brussicu spp., 
as well as composted animal manures, 
provided improved disease manage- 
ment via enhanced release of biotoxic 
volatile compounds from the amend- 
ments in heated soil (Ramirez- 
Villapudua and Munnecke 1987; 
Gamliel and Stapleton 1993a, 1993b). 
Other studies have reported fungicidal 
activity of Brussica residues in coastal 
soils without solar heating (Subbarao 
et al. 1999). 

Nonconventional users 
Solarization is presently used on a 

relatively small scale in conventional 
California agriculture, but its use will 
probably increase as MB becomes un- 
available. On the other hand, solariza- 
tion has become a widespread practice 
for organic growers, home gardeners 
and other users who cannot or will not 
use chemical soil disinfestants. As an 
indicator of adoption, a California Cer- 
tified Organic Farmers (CCOF) data- 
base shows the following historical 
use of solarization among its members 
for weed and/or disease control: in 
1995,ll growers farming 6,152 acres; 
in 1997,35 growers farming $693 
acres; and in 1998,34 growers farming 
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6,728 acres (CCOF, per- 
sonal communication). 
Based on the authors’ field 
observations, most organic 
growers who use solariza- 
tion combine it with 
biofumigation, primarily 
by adding various com- 
posts, manures, teas and 
other organic amendments 
to the soil before solarizing. 

In addition to commer- 
cial applications, the wide- 
spread use of solarization 
in home and community 
gardening should be noted. 
Although most home gar- 
deners do not have access 
to chemical soil disin- 
festants, solarization has 
become a mainstream cul- 
tural practice and contrib- 
utes to improved plant health and pro- 
duction in this setting. 

MB alternatives 
It is becoming clear that few, if 

any, alternatives are presently avail- 
able that can directly replace MB for 
soil fumigation under a wide variety 
of environmental conditions and for a 
broad spectrum of pests. A few soil fu- 
migants are being used commercially 
in place of MB in California. When ap- 
plied under optimal conditions, these 
materials - including 13-dichlor- 
opropene, chloropicrin, metam so- 
dium and others - alone and in com- 
bination, may provide pest control 
efficacy similar to that of MB. How- 
ever, these materials tend to provide a 
narrower spectrum of control than 
MB, have less predictable efficacy, and 
may have their own problems with en- 
vironmental pollution and safety. In 
addition to soil fumigants, many 
nonfumigant chemicals (fungicides, 
herbicides, bactericides and nema- 
ticides) can be used for soil disinfesta- 
tion, as well as an array of physical, 
cultural and biological methods in- 
cluding soil steaming (nursery pro- 
duction), host-plant resistance, crop 
rotation, antagonistic microorganisms 
and others. Where practical, soil solar- 
ization and biofumigation can be of 
benefit to users, whether or not they 
choose to employ soil pesticides. 

Solarization is beginning to be used to aid establishment of permanent crops, such as 
these citrus trees, In the San Joaquln Valley. 
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