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Methyl bromide, a popular and ef- 
fective crop fumigant, is being 
phased out in the United States 
and globally because of impacts 
on the ozone layer. Demand for a 
replacement chemical, 1,3-D 
(Telone), is expected to increase 
by up to 500% when methyl bro- 
mide is no longer available. How- 
ever, not all California growers 
will be allowed to use 1,3-0, as its 
use has been restricted within 
townships to address air quality 
concerns. We estimated the im- 
pact of 1,3-0 use restrictions after 
methyl bromide is phased out in 
2005 and found them to be bind- 
ing in several major production 
areas of California. Impacts will be 
greatest in regions where straw- 
berries and perennial crops are 
grown. 

ethyl bromide, an agricultural M and structural fumigant, is 
widely used in California to control 
crop diseases, nematodes and weeds. 
In 1992, it was identified as a class I 
ozone depletor under the Montreal 
Protocol (1992), an international treaty 
to reduce ozone-depleting substances 
worldwide. This announcement re- 
sulted in regulation of methyl bromide 
in the United States under the Clean 
Air Act, which requires the phase-out 
of a substance within 7 years of the de- 
termination that it is a class I ozone 
depletor. All production and importa- 
tion of methyl bromide was to be 
banned by Jan. 1,2001. However, in 
1998, the U.S. Congress amended the 
Clean Air Act to harmonize the U.S. 
phase-out with the international 
schedule under the Montreal Protocol, 
with reductions of 25% by 1999,50%1 by 
2001,70'% by 2003 and 100% by 2005. 

Methyl bromide is also subject to 
regulations specific to California. Since 
1992, the use of methyl bromide has 
been restricted through discretionary 
controls set at the county level. The 
California Department of Pesticide 
Regulation (CDPR) recently finalized 
regulations to codify many county- 
level restrictions into state law. In ad- 
dition, the new state-level regulations 
increase requirements for notifying 
neighbors prior to methyl bromide fu- 
migation and impose more restrictive 
buffer requirements around applica- 
tion sites. These new state regulations 
are limiting the use of methyl bromide 
in some areas, even before the phase- 
out under the Montreal Protocol. 

bromide are sought for crops such as 
strawberries, perennials, watermel- 
ons, tomatoes, lettuce and nursery 
crops. Researchers have identified 

Cost-effective alternatives to methyl 
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4 Strawberries are the largest single user 
of methyl bromide in California, with more 
than 90% of acreage treated. After methyl 
bromide is phased out in 2005, the authors 
expect many growers to choose alterna- 
tive fumigants such as 1,3-D and chloropi- 
crin, metam sodium or dazomet. 

A The authors estimate that at least 173 
acres of peaches would be affected by 
township limits on 1,3-D. 

1,3-dichloropropene (1,3-D; trade 
name Telone), either alone or in com- 
bination with other chemicals such as  
chloropicrin, as the most effective al- 
ternative to fumigation with methyl bro- 
mide in terms of the lowest per-unit cost 
(Carpenter et al. 2000). However, re- 
searchers and policy-makers express 
concern about the wide-scale availability 
of 1,3-D as a replacement for methyl 
bromide, due to restrictions on its use. 

California suspended the use of 
1,3-D in April 1990 after monitoring 
detected levels above air quality stan- 
dards in Merced County. In December 
1994, the state reinstated its use with 
several restrictions. Current restric- 
tions limit total 1,3-D use within 36- 
square-mile areas, known as  town- 
ships. Additional practices are also 
encouraged to minimize levels of 
1,3-D in ambient air. These restrictions 
are intended to address the air quality 

concerns that led to 
its cancellation. 

1,3-D use in 
Ca I iforn ia 

Agricultural pro- 
ducers applied over 3 
million pounds of 
1,3-D in California in 
1999 on a wide vari- 
ety of crops (fig. 1) 
(CDPR 1999a). 

Applied as a soil 
fumigant, 1,3-D acts 
primarily as a nem- 
aticide but also con- 
trols viruses, bacteria, 
soil insects and fungi. 
Carrots accounted for 
nearly 30% of this 
use. Tomatoes were 
the next largest single 
crop use. Perennial 
crops, including 
grapes, almonds and 
walnuts also account 

for a large portion of 1,3-D use. For 
some of these crops, growers might 
choose to use either methyl bromide 
or 1,3-D, depending on pest pressure, 
soil type and cost. For example, grapes, 
almonds and walnuts are also among 
major methyl bromide-using crops. 

State guidelines. In 1994, CDPR is- 
sued suggested permit guidelines to 
county agricultural commissioners for 
the use of 1,3-D. These guidelines have 
been modified several times with the 
latest ones issued in 1999. Current re- 
strictions include a limit on the total 
amount of 1,3-D that may be applied 
within each township, depending on 
the depth and timing of applications 
(CDPR 1999b). A total of 90,250 
pounds of 1,3-D per township is al- 
lowed if all applications are made to a 
depth greater than 18 inches between 
February and November. The limit is 
reduced if applications are made at 
shallow depths of less than 18 inches 
or during December or January. The 
lower limits are calculated by counting 
each pound applied at a shallow depth 
during February through November 
as 1.9 pounds. Similarly, the amount 
of 1,3-D used is weighted more 
heavily for applications during De- 
cember or January. These practices are 

intended to minimize levels of 1,3-D in 
ambient air. If all applications are 
made at a shallow depth between Feb- 
ruary and November, the limit is 
47,500 pounds. 

In addition to the township caps, 
growers must maintain a buffer of 300 
feet around occupied structures, which 
may be greater than that required for 
methyl bromide-treated acres. Grow- 
ers must also meet soil-moisture re- 
quirements that may reduce the effi- 
cacy of 1,3-D. The liquid 1,3-D rapidly 
volatilizes into a gas when injected 
into the soil. The amount of soil mois- 
ture influences how well 1,3-D moves 
through the soil. If soil moisture levels 
are too high, efficacy can be reduced 
(Carpenter et al. 2000). Also, the maxi- 
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mum allowable application rate for 
1,3-D is 24 gallons per acre for tarped 
fumigation and 35 gallons for 
untarped fumigation, which for some 
crops may not provide reliable pest 
control (Carpenter et al. 2000). 

1,3-D demand estimates 
The California pesticide use data- 

base provides detailed, spatial infor- 
mation on all pesticide applications, 
which allows calculation of pesticide 
use by township (CDPR 1999a). We 
use 1999 pesticide use data, the most 
recent available, to first compute cur- 
rent use of 1,3-D and methyl bromide 
in each township. We then estimate 
demand for 1,3-D after a methyl bro- 
mide phase-out for all methyl bromide- 
using crops for which researchers indi- 
cate that 1,3-D is the preferred 
alternative. Information was collected 
through two regional meetings, pub- 
lished research and numerous inter- 
views with scientists, growers and 
policy-makers as to the relevant and 
most likely alternatives to methyl bro- 
mide following the ban (Carpenter et 
al. 2000). All current uses of 1,3-D are 
included in the calculation. 

Growers who have depended on 
methyl bromide were assumed to 
switch to 1,3-D at application rates and 
depths appropriate to the practices 
specific to each crop (table 1). These 
assumptions are based on the opinion 
of a representative of TriCal, one of six 
companies authorized to distribute 
1,3-D in California (personal commu- 
nication, Kirk Fowler, TriCal general 
manager). While application dates are 
included in California’s pesticide use 
database, they are not included in this 
analysis because growers can adjust 
treatment dates between February and 
November. Between 5% and 18% of 
1,3-D applications are made during 
December and January. The impact of 
buffer zones required for 1,3-D, which 
may be larger than those required for 
methyl bromide, is also not considered 
due to the site-specific nature of those 
restrictions and the lack of information 
about the location of structures in rela- 
tionship to treated fields. Inclusion of 
these variables would likely further 
limit the allowable 1,3-D treatment 
area. 
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Fig. 2. Pounds of methyl bromide applied by township in 1999. 
Source: California Department of Pesticide Regulation. 

Fig. 3. Townships in which 1,3-D demand is expected to 
exceed regulatory limits. 

Researchers identified the crops 
that are likely to use 1,3-D after the 
methyl bromide phase-out as straw- 
berries, perennials, sweet potatoes, 
watermelons, peppers, tomatoes, car- 
rots and lettuce, along with crops 
grown in nurseries (Carpenter et al. 
2000; Methyl Bromide Alternatives 
2000). Acreage in these crops repre- 
sents over 90% of areas treated with 
methyl bromide. The remaining area 
that is treated with methyl bromide 
consists of other crops for which the 
likely alternative is not known. 

for the single largest use of methyl 
bromide in California. Between 1997 
and 1999, over 95% of the state’s 
strawberry acreage was treated with 
methyl bromide. While a 50% methyl 
bromide phase-out went into effect in 
2001, pesticide use data for 2000 and 
2001 are not yet available. Areas that 
are not treated are either in organic 
production or are plantings in their sec- 
ond year of production. A great deal of 
research has been conducted to identify 
effective alternatives to methyl bromide 
for California strawberry growers (Me- 
thyl Bromide Alternatives 2000). 

Strawberries. Strawberries account 

Researchers believe that after a me- 
thyl bromide phase-out, strawberry 
growers are likely to choose an alter- 
native fumigant such as 1,3-D, chlo- 
ropicrin, metam sodium or dazomet, 
most likely used in combination (Shaw 
and Larson 1999). 

In Carpenter et al. (2000), we re- 
viewed research into numerous 
chemical and nonchemical methyl bro- 
mide alternatives for strawberries (in- 
cluding solarization, organic cultiva- 
tion and others), and determined that 
the no-fumigation option results in a 
40% to 60%) yield decrease. Although 
1,3-D is not considered as cost-effective 
as methyl bromide, we believe grow- 
ers will prefer it to not fumigating at 
all. Nonetheless, it remains unclear 
whether 1,3-D is an effective compo- 
nent of an alternative chemical treat- 
ment. In light of this uncertainly, we 
have analyzed two scenarios, assum- 
ing growers will or will not switch to 

Data adjustments. The 1999 pesti- 
cide use data were adjusted in order to 
address issues in the reporting of me- 
thyl bromide use. First, treated acreage 
may be overstated for methyl bromide 

1,3-D. 

applications in perennial crops due to 
reporting of spot treatments on less 
than 1 acre a s  full-acre treatments. 
Therefore, all records with application 
rates of less than 50 pounds per acre 
were deleted. Second, an adjustment 
was made for unspecified methyl bro- 
mide use. More than 2 million pounds 
of methyl bromide use is not reported 
as targeting any particular crop, ac- 
counting for more than 8,000 treated 
acres equal to 13% of areas treated 
with methyl bromide. Agricultural 
commissioners in the counties with a 
large amount of unspecified use were 
surveyed for further information on 
which crops were being fumigated. Un- 
specified use in Orange County (333,282 
pounds) was assumed to be strawberry 
acreage. The breakdown of unspecified 
uses in Fresno, Madera and Tulare 
counties, which together account for 
more than 1.5 million pounds of un- 
specified methyl bromide use, is attrib- 
uted to perennial crops. All 56,375 
pounds of unspecified use in Siskiyou 
County was assumed to be for straw- 
berry nurseries. Unspecified use in other 
counties is not included. Finally, 315 
records of methyl bromide and 1,3-D 
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Carrots are among the crops with the 
highest anticipated demand for 1,3-D after 
the methyl bromide phase-out. applications were identified as dupli- 

cates and deleted. 

Impact of township restrictions 

the number of acres that may be 
treated with 1,3-D in some areas. In 
1999, two townships in Monterey 
County were over the 90,250-pound 
township limit. These totals are not 
adjusted to account for shallow appli- 
cation depth, which would lower the 
allowable amount of 1,3-D in each 
township to below 90,250 pounds. 
Eight other townships used more than 
47,500 pounds of 1,3-D, which is the 
lower limit if all applications are made 
at a shallow depth from February to 
November. Three of these townships 
are in Kern County, where carrot acre- 
age is concentrated. Fresno, Merced 
and Stanislaus counties each had 
townships exceeding 47,500 pounds of 
1,3-D applications in 1999. 

California growers applied a total 
of 14 million pounds of methyl bro- 
mide in 1999 on a wide variety of 
crops, including strawberries, toma- 
toes, flowers, perennials and nursery 

Binding township restrictions limit 

crops (fig. 2). If all these 
growers switch to 1,3-D after 
the methyl bromide phase- 
out, the restrictions are ex- 
pected to limit 1,3-D use in 
even more townships. 

With and without 
strawberries 

mated to increase from 3 
million pounds in 1999 to 
nearly 16 million pounds if 
strawberry growers use 
1,3-D. However, under cur- 
rent restrictions, use would 
be limited to 10 million 
pounds, which is 64% of to- 
tal demand (table 2). 
Monterey County is ex- 
pected to have the highest 
demand for 1,3-D, primarily 
by strawberry growers, fol- 
lowed by Ventura County, 
also a major strawberry- 
producing county. Several 
of the other counties with 
high levels of demand are in 
the Central Valley: Fresno, 

Demand for 1,3-D is estimated to 

Demand for 1,3-D is esti- 

Merced and Kern. 

increase to 9.4 million pounds if 
strawberry growers do not use 1,3-D 
(table 2). However, under current re- 
strictions, use will be limited to 8.3 
million pounds (88% of total de- 
mand). The level of demand is much 
lower in Monterey, Ventura, Santa 
Barbara, Santa Cruz and Orange 
counties if strawberry growers choose 
to use an alternative other than 1,3-D. 

We predict that the restrictions 
will be binding in 47 townships (table 
3; fig. 3). With the largest acreage in 
strawberry production, Monterey 
County has the most townships (10) 
with demand in excess of current lim- 
its. If strawberries are riot included, 
the restrictions will be binding in 23 
townships. Merced County has the 
highest number of townships (4) with 
1,3-D demand over the limit, for 
treatment of sweet potatoes, almonds, 
peaches and nursery crops. 

Distribution issues 

uted by some mechanism in areas 
The use of 1,3-D must be distrib- 
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where the restrictions will be binding. 
Assuming the available 1,3-D is dis- 
tributed by crop in proportion to its 
demand within each township, an esti- 
mate of which crops are most affected 
by the restrictions may be obtained. 
Along with nurseries, the crops ex- 
pected to be most affected are straw- 
berries, sweet potatoes, perennials, 
peppers, broccoli, and processing to- 
matoes (table 4). 

For many crops, whether or not 
strawberry growers choose to use 
1,3-D has little impact on how the re- 
strictions will affect the amount of 
acreage that they are allowed to treat, 
since these crops are generally grown 
in areas where strawberries are not 
grown. This is the case for crops such 
as perennials, sweet potatoes, carrots 
and watermelons grown primarily in 
California’s interior valleys. However, 
some crops would be in direct compe- 
tition with strawberries for allotted 
1,3-D use. These crops are grown in 
proximity to strawberries, including 
broccoli, Brussels sprouts, lettuce, pep- 
pers and tomatoes. 

The pest control industry is charged 
with allocating limited 1,3-D use, re- 
porting treatments made to county 
commissioners. To date, no entity has 
determined which crops or growers 
will be able to use 1,3-D and which 
will not. Several distribution mecha- 
nisms could be used to allocate pesti- 
cide use: first come, first served; quo- 
tas by crop, based on current or 
historical use; marketable permits; or a 
system based on the potential expo- 
sure of nearby populated areas. Cur- 
rently, the use of 1,3-D is distributed 
on a first come, first served basis, as 
growers file notices of intent with the 
county agricultural commissioner just 
prior to treatment. Different methods 
will impact the distribution of benefits 
and costs under current regulations. 
Allowing the pest control industry to 
allocate distribution of limited 1,3-D 
use may not maximize society’s wel- 
fare and may result in larger losses for 
the agricultural community after the 
phase-out of methyl bromide. 

Qualifications of analysis 

duction of crops will not geographi- 
This analysis assumes that the pro- 

cally relocate following the phase-out 
due to restrictions on 1,3-D use. Yet 
some growers may be able to shift 
crop production to another township 
where the limits are not binding. As- 
suming growers are planting in the 
most profitable areas for both soil con- 
ditions and climate, shifting to another 
township may decrease profits. In 
other cases, production cannot shift in 
the short run, either because growers 
own the land they farm, the restric- 
tions in nearby townships are already 
binding or no other region supplies 
the needed growing conditions. Some 
growers are likely to adapt to the re- 

strictions by switching to crops that 
may be grown profitably without the 
use of 1,3-D. 

In addition, new application meth- 
ods, which decrease 1,3-D emissions, 
may allow the easing of the restric- 
tions in California. Application of 
1,3-D through drip irrigation systems, 
for instance, may reduce emissions 
from treated fields and allow larger ar- 
eas to be treated. An emulsified ver- 
sion of Telone C-35 (1,3-D plus chlo- 
ropicrin) recently received a full 
federal registration. Methods to reduce 
emissions during 1,3-D application for 
perennial crops are also being investi- 
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4 A 50% reduction in methyl bromide 
went into effect on Jan. 1,2001, based on 
1991 usage levels. A wide range of alter- 
natives will be needed for effective pest 
control in strawberries and other crops. 

gated. To the extent that current re- 
strictions may be eased through the 
use of new application technologies, 
the impacts calculated here will over- 
estimate how binding the restrictions 
will be. However, i t  is not yet known 
whether these methods will reduce 
emissions (personal communication, 
Ron Oshima, CDPR, Assistant Director 
of Scientific Affairs). 

Finally, this analysis includes only 
90% of current methyl bromide- 
treated areas. To the extent that any 
of the remaining 10% of methyl 
bromide-treated areas switch to 
1,3-D after the phase-out, our analy- 
sis underestimates the impact of 
township restrictions. 

Alternative strategies needed 

The phase-out of methyl bromide is 
underway, requiring a 50% reduction 
from 1991 levels for 2001 calendar 
year. California is also in the process 
of implementing new regulations on 
methyl bromide to restrict its use in 
some areas for air quality concerns. As 
methyl bromide applications are re- 

stricted, policy analysts expect grow- 
ers to switch to 1,3-D. The results of 
this analysis demonstrate the impact 
that limits on 1,3-D use in California 
will have after the phase-out of methyl 
bromide under current restrictions 
and application methods. Our findings 
indicate that areas where strawberries 
and perennial crops are grown will be 
most affected. The efficacy of 1,3-D ap- 
plications with emissions-reducing 
techniques such as drip application 
and specialized tarps may allow larger 
areas to be treated than estimated 
here. Estimates of which specific crops 
will be affected depend on assump- 
tions about the manner in which the 
1,3-D use will be distributed, the pos- 
sibility of relocating crop production 
and the availability of application 
methods to reduce emissions. 

These results may also be used to 
guide research efforts into promising 
alternatives to both methyl bromide 
and 1,3-D, such as pesticide applica- 
tion techniques, new pesticides, herbi- 
cides and nonchemical pest control 
methods. Alternative pest control 

strategies must be developed and 
tested if 1,3-D cannot be applied to all 
acreage. Research to identify and de- 
velop alternatives to methyl bromide 
has included several alternatives, 
1,3-D among them. While 1,3-D is 
considered the most effective alterna- 
tive, our results underscore the im- 
portance of developing a wider range 
of alternative practices. 
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