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PREFACE

This report is a joint project of the U.S. Department of Agriculture, the
State Land-Grant Universities, and the U.S. Environmental Protection Agency, and
is the tenth in a series of reports recently prepared by a team of scientists from
these organizations in order to provide sound, current scientific information on
the benefits of, and exposure to, DBCP.
The report is a scientific presentation to be used in connection with other data
as a portion of the total body of knowledge in a final benefit/risk assessment under
the Rebuttable Presumption Against Registration Process in connection with the
Federal Insecticide, Fungicide, and Rodenticide Act.
This report is a slightly edited version of the two reports submitted to the
Environmental Protection Agency on November 7, 1977 and July 3, 1978. The editing
has been limited in order to maintain the accuracy of the information in the original
reports.
Sincere appreciation is extended to the Assessment Team Members and to all
others who gave so generously of their time in the development of information and
in the preparation of the report.
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SUMMARY

DBCP has 297 registered uses in
agriculture for the control of plantparasitic nematodes.
Usage is on perennial and annual crops.
Typically,
nematode control on perennial crops consists of preplant sou fumigation with
DBCP or one of several alternatives, and
postplant soil fumigation with DBCP on
a 2- to 4-year cycle, depending on the
crop and the severity of the nematode
problem. DBCP protects perennial crops
from nematode damage and extends the
time period over which a profitable crop
is produced. DBCP is also used in programs for producing nematode-free planting stock for several perennial crops.

to decrease by $233 million due to the
value of yield losses. In the long run,
producers with nematode problems would
incur increased yield losses in the
absence of the development and registration of new nematicides. The eventual
outcome could be abandonment of perennial crops for economic reasons.

DBCP is applied to annual crops at
planting in areas where nematodes are a
significant problem. There are alternatives available for most annual crops,
but they are more costly, and they are
generally not as effective as DBCP.

In some cases, even where national
economic impacts are small, community
impacts or individual impacts, or both,
would be significant.
As an example,
shifts in acreage of perennial crops
from a region with serious nematode
problems to other regions would involve
dislocations of labor, processors, and
possibly input factors as well.

The DBCP assessment team estimated
that 32.4 million pounds (a.i.) of DBCP
were used annually prior to the U.S.
Environmental Protection Agency suspension (tables 1(S) and 2(S)).
The
largest use, 12.4 million pounds, was on
soybeans, with 10.5 million pounds being
used in fruit and nut groves.
Other
large uses included 3.4 million pounds
on a variety of vegetable crops, 3.2
million pounds on peanut fields, and
2.7 million pounds on cotton fields.
The economic impact of a DBCP cancellation on perennial crops generally
would not occur for several years,
whereas economic losses on annual crops
would occur the first year. Therefore,
the economic analyses were conducted
with two methods: (1) Losses to producers of perennial crops were evaluated
over several years, with the total loss
discounted to the present at 7 percent
per annum; and (2) losses to producers
of annual crops were evaluated for the
first year after cancellation in current
dollars. These two estimates cannot be
added, and are presented separately.
The loss of DBCP on perennial crops
would result in decreased yields and
control costs estimated at $218 million
during the first 3 years following the
cancellation of DBCP (table 3(S)). Cost
of production would decrease by $15
million due to a lack of registered
alternatives for
postplant
nematode
control. Gross revenues were projected

The loss of DBCP on annual crops
would result in increased control costs
and decreased yields estimated at $47
million annually (table 4(S)).
Production costs would increase by $35
million, and the value of production
would decrease by $12 million.

Use Sites
Peaches.—DBCP is applied to peach
orchards for preplant and postplant
nematode control.
Suitable alternatives
to DBCP are available for preplant use,
but there are currently no registered
postplant alternatives.
Without postplant nematode control, the life of
peach orchards in the eastern States is
reduced from 12 to 6 years and in California from 20 to 10 years.
Approximately 327,000 pounds of DBCP (a.i.) are
applied to about 8,300 acres of peach
land for preplant nematode control,
which represent about half of the total
acres planted each year. About 33,000
acres of peach orchards are treated each
year on a postplant basis. Since postplant DBCP treatments are performed
every other year in the East and every
third year in California, about 89,700
total acres are protected by DBCP
treatment, representing 44 percent of
U.S. bearing acreage.
During the first 3 years following
cancellation, the value of reduced peach
production on the affected acreage would
total $82.1 million.
The use of DBCP
alternatives would decrease treatment
costs by $1.5 million during the 3-year
period, for a total cumulative grower
impact of $80.6 mülion.
The projected
crop losses would reduce fresh peach
production by 24 percent and process

Table ]{S).—Extent of DBCP use by site, perennial crops
Acres treated
Per year
TotaT

Use site

1,000

Length of
treatment
cycle

Pounds (a«f}
applied per
year

8
34
31
83
5
71

8
90
93
166
20
181

Years
NA
2 or 3
3
2
4
2 or 3

1,000
327
1,496
1,292
3,200
302
3,417

Plums 2/

9

22

2 or 3

452

Raspberries
Certified strawberry plants.
Turf and ornamentals
(commercial).
Apricots, cherries,
figs, and walnuts.
Blackberries, blueberries,
boysenberries, loganberries, and dewberries.
Lawn, ornamentals, and
garden (home).
Total

0,4
0,6

1 or 2
1

7
15

Peaches
Preplant
Postplant

Citrus 1/
Vineyards J/
Pineapples
Almonds Z/

0,5
0.6

4

Unknown

200

Little If any DBCP used

Several
None
None postplant
None postplant
Only EDB
Several preplant
None postplant
Several preplant
None postplant
None
Several preplant
None postplant
Several
Several preplant
None postplant
None

Little If any DBCP used
Unknown

Avallabllîty
of economic
alternatives

Unknown
10,708

No chemical alternatives;
cultural practices are of
some help for home gardens«

W DBCP is registered for preplant and postplant use on these crops, but alternatives are available and
are preferred for preplant use.
2/ Information was not available to indicate preplant use of DBCP.

Table 2(S).—Extent of DBCP use by site, annual crops

Use site

Length of
treatment
cycle

Acres treated
Per year
Total
1,000

Soybeans
Cotton
Peanuts
Vegetables
Total

1,133
225
355
374

1,000
12,378
2,700
3,195
3,392
21,665

Years
NAi/
NA
NA
NA

1,133
225
355
374

J/ DBCP is applied at planting time.

Pounds (a.i)
appiled per
year

Aval labtll+y
of economic
alternatives
Several
Several
Several
Several

Therefore, the length of treatment cycle does not apply.

Table 3(S).—Summary of economic impacts of a DBCP cancellation on perennial cropsj/
Use site

Gross
revenue loss

Cost of production
increase (decrease)
■"—"■""■■■"■'""'""'■"*'■'"

Peaches
Citrus
Vineyards
Pineapples
Almonds 2/
Plums 2/^
Raspberries 2/
Strawberry plants ¿/
Other perennial sites ^/
Total

.^^__ti
—

Decrease In
net returns

f\r\f\^^^^^^^^^

—

82,131
(1,459)
29,092
(2,241)
72,100
(7,400)
4,729
525
(4,322)
30,824
14,326
(572)
0
150
Cease production; local Impact unknown
Minor impact
233,352
(15,469)

80,672
26,851
64,700
5,254
26,502
13,754

150
217,883

JV Impacts estimated for the first 3 years following a cancellation, discounted to
the present at 7 percent per annum.
2/ Detailed economic analyses were not conducted after preliminary analyses indicated
little. If any, use of DBCP and little, if any. Impact from a DBCP cancellation.

VI

Table 4(S).—Summary of economic Impacts of a DBCP cancel IatIon on annual crops1/

Use site

Cost of production
1ncrease

Gross
revenue loss

Decrease f n
net returns

.i.»....ti onn.i.—.....
Soybeans
Cotton
Peanuts
Vegetables
Total
\J The expected
current dollars«

23,471
2,600
1,818
7,728
35,617

0
0
5,024
6,758
11,782

23,471
2,600
6,842
14,486
47,399

losses the first year after a DBCP cancel I at ion are expressed In

peach production by 16 percent in the
third year after cancellation, and lead
to higher retail prices for peaches and
peach products.
Citrus.—DBCP is the sole registered nematicide for control of nematodes in established citrus.
Suitable
alternatives are available for preplant
nematode control.
Approximately 1.3
million pounds of DBCP (a.i.) are
applied postplant to 31,200 acres of
citrus annually in Arizona, California,
Florida, and Texas. Since the material
is applied only once every 3 years,
about 93,600 acres are subject to treatment, representing 8 percent of domestic
citrus acreage.
Owing to the 3-year treatment
schedule, the impacts would be realized
at the end of the third year following
cancellation.
At that time, fresh
orange production would be reduced by
4.6 percent and process orange production by 0.2 percent per year.
Fresh
grapefruit production would be reduced
by 6.0 percent, lemon production by 9.8
percent, and tangerine production by 3.8
percent per year at the end of 3 years.
The total value of reduced production
on the affected acreage for the entire
3-year period approximates $29.1 million.
When the cost of DBCP control
(which is eliminated by cancellation) is
considered, the net grower level impact
during the 3-year period approximates
$26.8 million in reduced revenues.
Using current dollar values, the impact
represents 1.0 percent of the value of
the crop over the 3-year period.
Vineyards.—DBCP is the only registered postplant nematicide for use in
vineyards. DBCP is usually applied by
flood irrigation at the rate of 39
pounds (a.i.) per acre on 82,600 acres
annually.
Over a 2-year treatment
cycle, about 165,200 acres of raisin,

table, and wine grapes are treated,
accounting for 3.2 million pounds of
DBCP.
California produces over 90
percent of the U.S. grapes; 83 percent
comes from the San Joaquin Valley. The
estimated reduction in California producer revenue following DBCP cancellation is $6.2 million in year 1, $22.3
million in year 2, and $36.2 million in
year 3.
The estimated accumulated
grower revenue loss (less savings of
DBCP treatment cost) for the 3 years
following cancellation is $64.7 million.
Pineapples.—DBCP use on pineapples
is estimated at 300,000 pounds per year.
All of this use is in Hawaii.
DBCP
applied at a rate of 5 gallons per acre
(60.5 lb a.i.) is sufficient to treat
5,000 acres per year. Since pineapples
are a perennial crop with a production
cycle of generally 4 years, and one DBCP
treatment lasts for the entire cycle,
this quantity offers nematode control to
approximately 20,000 acres.
The only alternative to DBCP for
nematode control on wet soils is EDB,
which is both more costly and less
effective than DBCP.
It is estimated
that if pineapple growers used EDB
rather than DBCP, control costs would
increase by $200,000 annually.
In
addition, the value of production would
decrease (beginning the third year after
cancellation) by $5.8 million.
This
represents a decrease in revenue of
about 9.3 percent over the 3 years
following cancellation.
Soybeans.—DBCP use to control
cyst, root-knot, and other nematodes
on soybeans is estimated to have been
12.3 milion pounds (a.i.) in 1976.
At
an application rate of 9 to 12 pounds
(a.i.) per acre, this provides control
on approximately 1.1 million acres.
DBCP use is concentrated in the
Southeast and Delta States.
Vll

The
major
registered
chemical
alternatives are D-D®, Telone®, Mocap®,
and Nemacur®.
These nematicides are
used
to
control
various
nematode
species. The most likely substitutes to
control cyst nematodes would be D-D® and
Telone®, at an increased cost of $25 per
acre.
The most likely substitutes to
control root-knot and other nematodes
would be Mocap® and Nemacur®, at an
average increased cost of $14 per acre.
DBCP is used on about 5 percent of the
soybean acreage.
In total,
these
increased control costs are estimated to
amount to $23.5 million annually.
Cotton.—DBCP use to control nematodes on cotton is estimated to have
been 2.7 mulion pounds (a.i.) in 1976.
At an application rate of 12.1 pounds
(a.i.) per acre, this provides control
on about 200,000 acres annually. DBCP
use is distributed throughout the Cotton
Belt.
The major registered alternatives
are EDB, Telone® II, and D-D®. Their
use could result in an average increased
cost of about $22 per acre.
The total
increase in control costs was estimated
to be $2.6 million on a crop that has a
$3 billion farm value.
Peanuts.—DBCP use to control
nematodes on peanuts is estimated to
have been 3.2 million pounds (a.i.) in
1976.
At an application rate of 9
pounds (a.i.) per acre, this provides
control on about 350,000 acres annually,
or 23 percent of the planted acreage.
DBCP use is distributed in all peanutproducing States except New Mexico.
The major registered alternatives
to DBCP are EDB, Telone® II, D-D®,
Furadan®, Dasanit®, and Mocap®.
The
adoption of these alternatives would
increase control costs by about $5.12
per acre and result in production losses
valued at $14.15 per acre, thus decreasing net revenues by $19 per acre.
Vegetables.—DBCP use to control
nematodes on vegetables is estimated
to have been 3.4 million pounds (a.i.)
in 1976.
At an application rate of 9
pounds (a.i.) per acre, this provides
control on about 333,700 acres annually.
DBCP use is concentrated in the South.
The major registered alternatives
to DBCP are EDB, D-D®, Vorlex®, and
Telone® II.
On a per-acre basis, the
value of increased production costs and
reduction in output would range from
$13 for cucumbers to $136 for celery.
The adoption of the alternatives would
viu

increase control costs by about $7.7
mulion and result in production losses
of about $6.8 million. Nationwide DBCP
use ranged from less than 1 percent
of total acres treated for
several
vegetables to 95 percent for okra.
Other
PJQ_ Patterns.—Little
is
known about DBCP use on other use sites
(table 1(S)).
It was estimated that
annual postplant application of DBCP
amounted to 3.4 million pounds (a.i.)
on 71,000 acres of almonds and 452,000
pounds (a.i.) on 9,000 acres of plums.
There are no preplant alternatives to
DBCP on almonds and plums. Information
is not available to indicate whether
DBCP is used on a preplant basis on
almonds or plums.
Approximately 67,000 and 15,000
pounds (a.i.) of DBCP are applied
annually to raspberry and certified
strawberry plants.
There are several
preplant, but no postplant, alternatives
to DBCP on these use sites.
About
200,000 pounds (a.i.) of DBCP are
applied annually by commercial operators
to ornamentals and turf. DBCP may also
have been used on a number of other
fruit and nut crops, but information was
not available to indicate use.
Homeowners applied an unknown amount of DBCP
to gardens, ornamentals, and lawns.
The loss of DBCP would result in
decreased net returns estimated at $26.5
mulion for almond producers.
This
would include $30.8 million in reduced
revenues and $4.3 million in reduced
treatment costs. Plum producers would
have a $13.7 mulion reduction in net
revenues, which includes a $14.3 million
reduction in gross revenues and a
decrease in treatment cost of $572,000.
Raspberry producers would have a
decrease in net returns of $150,000.
Information
was
not
available
to
estimate the economic impact to DBCP
users on other sites.
Keywords : DBCP, nematicides, pesticide registration, RPAR, alternatives
to DBCP, postplant nematicides, soil
fumigant, crop losses, citrus nematode,
soybean cyst nematode, cotton root-knot
nematode, peaches, root-knot nematode,
grapes, pineapples, reniform nematode,
lesion
nematode,
dagger
nematode,
stunt nematode, sting nematode, lance
nematode, stubby-root nematode, ring
nematode,
spiral
nematode,
peanut
northern root-knot nematode,
sheath
nematode, vegetables, commercial turf,
ornamentals,
environmental exposure,
human exposure, economic impacts.
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PART 1.

BIOLOGIC ASSESSMENT
INTRODUCTION

The purpose of this report is to
develop biological, exposure, and economic information related to the uses
of DBCP.

pesticide products containing dibromochloropropane (DBCP) (58).1^^

This report was prepared to evaluate the benefits and risks to humans,
animals, nontarget organisms, and the
physical environment resulting from
registered uses of DBCP (l,2-dibromo-3chloropropane, or dibromochloropropane)
for
the
control
of
plant-parasitic
nematodes in, on, and around food,
feed, and fiber crops grown in commercial agriculture, in forestry areas,
in ornamentals, in turf, and in home
gardens.

The rebuttable presumption is based
on evidence relating exposure to DBCP
to sterility (oligospermia, or aspermia,
or both) in workers in chemical plants
in which DBCP is manufactured, and to
carcinogenic effects in experimentally
exposed mammal species, with those effects extrapolated to humans (58, 59).

This information was provided in
two original benefit assessment reports
(November 7, 1977 and July 3, 1978) to
the Environmental Protection Agency
(EPA) following its issuance of a
rebuttable presumption against registration (RPAR) against these registered
uses of DBCP.

Sterility (oligospermia or aspermia) in workers exposed to DBCP in manufacturing plants, and in experimentally
exposed mammal species, is a medicalstatistical problem that is outside the
professional purview of the members of
this impact assessment team, and therefore cannot be addressed directly.

Title 40, 162.11, of the Code of
Federal Regulations for the Federal
Insecticide, Fungicide, and Rodenticide
Act (FIFRA) as amended (86 Stat. 971, 89
Stat. 751, 7 U.S.C. 136 etseq.) provides
that a rebuttable presumption against
registration (RPAR) or reregistration
shall arise if the Environmental Protection Agency (EPA) determines that the
pesticide meets or exceeds any of
the risk criteria relating to acute or
chronic toxic effects set forth in the
Regulations (Section 162.11 (a)(3)).
A notice of RPAR is issued when the
evidence related to risk meets the criteria set forth.

At the present time and due to new
reports, the EPA rebuttable presumption,
and the EPA intent to suspend and conditionally suspend registration of DBCP
(57, 58), are based on symptoms in
humans that appear to have been associated with exposure during manufacture.
This conclusion is fortified by the
need to set out "Emergency Temporary
Standards" by the Occupational Safety
and Health Administration (OSHA) to
serve as guidelines where, presumably,
none existed before July 1977.

In
the
Federal
Register
of
September 22, 1977, the Environmental
Protection Agency issued a notice of
rebuttable presumption against registration and continued registration of

RPAR Triggers

Evaluation of RPAR Triggers
Sterility

Estimates
tors to DBCP
(59).
These
of vapors and

of exposure of applicahave also been set out
are based on inhalation
possible dermal contacts

II Figures in parentheses refer
to the references at the end of this
publication.
1

during mixing and loading operations,
during equipment calibration and cleaning, and during application by soil
injection,
pressure- or gravity-flow
irrigation,
sprinkler irrigation,
and
drenches. (The use of granular DBCP,
cited in reference 59, is either negligible or nonexistent.)
These concerns for the safety of
workers in the manufacturing plants and
for applicators appear to be based on
assumptions that the dangers associated
with DBCP are intractable and thus
cannot be reduced.
The conclusions
drawn from exposure estimates appear
to assume, also, that there is to be a
continuing lack of requirements for
protective safety equipment.
These
conclusions appear to be neither logical
nor realistic.
New leakproof manufacturing, mixing, and application equipment and the use of effective personal
safety equipment can provide protection.
Mandatory standards for protection
during manufacturing and field applications of DBCP must be established to
enable the use of this material for the
control of plant-parasitic nematodes
that damage crops. In view of approximate extrapolated human exposure values
shown in table 2 of the rebuttable
presumption (58),
specific practical
guidelines for these purposes appear to
be lacking.
Evaluations of conditions in the
manufacturing plants must be made and
must lead to the workers' mandated
use of scrubber-equipped exhausts;
leakproof equipment; approved organic
vapor respirators;
and
impermeable
protective
clothing,
gloves,
and
shoes.
Field use conditions vary by
regions, and by application sites, and
thus require varying kinds and degrees
of protection for applicators.
Evaluations of the conditions that affect
applicator safety are needed.
These
factors include, but are not necessarily
limited to, variations and differences
in ambient and soil temperatures and
wind velocity at application sites; the

method of application being used (soil
injection by chisel,
pressure- and
gravity-flow irrigation, and sprinkler
irrigation);
the availability of (or
lack of) leakproof modular or "containerized" mixing, loading, calibration,
and application equipment; the availabüity of air-conditioning
or
airfiltration equipment in tractor cabs;
and the use, as they become available,
of new technical developments aimed
at refining application methods and
reducing total DBCP dosages.
All of these, and other factors,
need to be studied to determine their
interactions and to develop safety
guidelines, recommendations, and regulations that will enable manufacturing
plant supervisors and field application
personnel to determine the most practical and effective levels of protection
that are required for each combination
of factors encountered in the plants
and at the field sites.
Adherence to
established safety standards
should
make it possible to manufacture and to
apply DBCP safely.
Carcinogenicity
Evaluations of the risks and benefits associated with registered uses of
DBCP, based on feeding experiments,
studies of its persistence and movement
in the soil, and residual levels in
crops grown in treated soils are listed
below.
In addition, the advantages of
using DBCP on crops for which alternative nematicides are not available, and
the benefits of its use in preference to
more costly and less effective nematicides, are given under the specific commodity headings in the section titled:
"Importance of DBCP to Agriculture."
The tolerance for DBCP in the diet has
not been established.
Risks
OSHA has limited exposure of DBCP
to 10 p/b in air as an 8-hour timeweighted average concentration, with
a ceiling level of 50 p/b for any 15minute period during an 8-hour period
(57). Intake in the human diet in the

range of 2.2 x 10"^ mg/kg/day to 6.1
X 10""^ mg/kg/day is judged to be a
serious risk since DBCP has been linked
to carcinogenicity in animal feeding
tests, with these data extrapolated to
humans (59).
(a) DBCP has been reported to alter
cellular DNA in Escherichia coli and to
cause mutagenic effects in Salmonella
typhimurium (154).
(b) Powers and others (139) reported carcinogenic effects of DBCP
after oral administration, and as a diet
additive in rats and mice.
Stomach
squamous cell carcinoma occurred in
over 60 percent of the rats and 90 percent of the mice. Female rats suffered
a 54-percent incidence of mammary
adenocarcinomas.
(c) Detoxification mechanisms in
the mammal for ethylene dibromide (EDB),
which are assumed to be the same for
DBCP since both are alkylating agents,
involve glutathione-EDB reactions in
vivo (rat liver microsomes and rat
kidney). The end results are ethylene-,
bromine-, and mercapturic acid reaction
products.
In spite of this detoxification capability, the fates of these intermediates in mammalian metabolism are
not known at this time.
It is judged
that detoxification of DBCP would result
in the same or similar compounds (121).
(d) Residues of DBCP have been detected in carrots (0.02 - 1.5 p/m) grown
in fumigated sou (124).
(e) DBCP residues have been reported in broccoli, cabbage, cauliflower, and cucumbers at levels of 0.01
- 1.12 p/m (Shell Chemical Co.) and in
peanut kernels at 0.01 - 0.14 p/m (Dow
Chemical Co.). It is assumed from these
data that DBCP residues may also be
found in other crops grown in fumigated soil, including celery, eggplant,
lettuce, melons, peppers, squash, strawberries, and tomatoes. The use of these
crops as food, it is assumed, would
deliver amounts of DBCP to the diet that
would be unacceptably high because of
its association with carcinogenicity.

(f) Bromine residues in muck soils
as a result of DBCP fumigation over a
10-year period were shown to cause
declines in yields of onions, potatoes,
beets, and lettuce.
Yields of celery,
carrots, radish, and spinach increased
during the same period (235).
(g) Ethylene dibromide has been
judged to be mutagenic in in vivo tests
against enteric bacteria (4, 106, 174).
It may be assumed that DBCP, a very
closely related compound, is also mutagenic under these test conditions.
Benefits
(a) DBCP is less costly and more
effective than other fumigant nematicides.
Its use results in greater
reductions of plant-parasitic nematode
populations in the sou and in greater
crop yields.
In addition, it is
effective on crops for which alternative nematicides are not available.
Data
regarding
specific
commodity
groups are contained in the sections
that follow.
(b) DBCP has been reported to
be nonpersistent and to fall below
detection levels in fumigated soils
(180).
In the same report, DBCP is
cited as causing only temporary inhibition of beneficial fungi, and as
having no adverse effects on nutritive
values of crops.
(c) Irrigation following sou fumigation with ethylene dibromide (data may
be extrapolated to DBCP) reduced total
Br residues in a washing or solubüizing
effect (65). Further, very low amounts
of Br are present in nonchlorophyllcontaining parts such as fruits, and
residues of 30 - 50 p/m of Br in the
soil, an acceptable range, are associated with an assumed dietary intake of
0.3 rag/kg/day, an acceptable level.
(d) A study of pesticide residues
and their effects on microbial activities after massive disposal of pesticides in the soil indicates that DBCP is
readily dissipated and causes increases
in total bacterial counts (122).

(e) Hodges (79) showed that DBCP
may persist in soil for 40 weeks after
application and that the bulk of it
remains in the upper soil levels at or
adjacent to where it was placed during
treatment.
This attribute probably
accounts for the nematicidal efficacy of
this compound,
DBCP was shown to
degrade in moist sous and to be sorbed
to dry sous.
Irrigation of fumigated
soils hastens degradation.
These data
help toward a better understanding of
how and when to apply DBCP for maximum
efficacy, but they pinpoint a possible
unacceptable persistence.

either not encountered on a practical
daüy basis, or they would be repellen tly distasteful and would, therefore,
be avoided.

(f) Carrots grown in soil fumigated
with DBCP showed increased amounts of
sugar, total carotenes, and B-carotene,
a precursor of vitamin A (236).

Physical and Chemical
Properties of DBCP

Conclusions

It is judged that the use of DBCP
can be made safer by developing new,
more sophisticated formulations technology to enable the use of lowered total
dosages under conditions that allow
optimum residual activity.
It is
also judged that these efforts should
be pursued in order to preserve and
increase the usefulness of DBCP to
agriculture.

Common name:

DBCP, CAS No. 96-12-8

Chemical
name: 1,2-dibromo-3-chloropropane or dibromochloropropane.

Steruity
Mandated use of safety equipment
and procedures to protect against
exposure to DBCP (as outlined above)
can protect workers and applicators
from sterility.
Carcinogenicity
Several of the risks listed above
appear to be balanced by contradictory
findings shown as benefits.
This is
true for the residue findings in raw
produce.
Several of the reports show
DBCP as residues, and others do not.
The implications in the two sets of
findings are different.
The experimental feeding tests in
the laboratory are not balanced by benefits, and cannot be extrapolated, except
theoretically, to the human diet.
Use
of DBCP residue-contaminated food in the
human diet may or may not result in exposures to low levels of DBCP, possibly
at or below 10 p/b.
Human intake at
levels equivalent to those used in
laboratory animal feeding tests would
have to be at purposefully high levels
equal to or greater than those found in
acute chronic exposures to DBCP vapors
and liquid. Such dietary excesses are

Trade names: Fumagon®, Fumazone®,
Nemafume®,
Nemagon®,
Nemapaz®,
OS-1897, DurhamNematocide, Oxy-BBC.
Toxicity data: In mg/kg body weight,
for white rats except where specified
otherwise.
LDgQ - oral - 173
LDgQ - dermal - 1,420 (rabbits)
LDgQ - acute vapor (VA) - 100
LD^Q - chronic vapor (VC) - 1.0.
DBCP is a light tan liquid with
molecular weight 236, vapor pressure 0.8
mg (21 ^C), boüing point 195^C,
and
solubility in water 0.1 pet.
It is
available as a 97.5 percent technical
grade, or formulated as emulsifiable
concentrates (4.3 - 12.1 pounds per
gallon).
Producers:
Amvac Chemical Corporation,
Dow Chemical Company,
Michigan Chemical Corporation
(subsidiary
of
Northwest
Industries, Inc.),
Occidental Petroleum Corporation
(subsidiary
of
Occidental
Chemical Co.), and
Shell Chemical Co.
(subsidiary of Shell Oil Co.).

IMPORTANCE OF DBCP TO AGRICULTURE
Peaches
Major Nematode Pests
Ring ( Macro post honia xenoplax),
root-knot (Meloidogyne spp.), lesion
(Pratylenchus spp*), and dagger (Xiphinema spp>) are demonstrated pathogens of
peach trees (104, 229). The ring and
root-knot nematodes in the Southeast and
West, and the lesion nematode in the
Northeast, Southeast, and West, have
been implicated with trees in a declining state of vigor (229). Ring nematodeinfested trees have been shown to have
increased susceptibility to bacterial
canker (Pseudomonas syringae) in California (104) and increased propensity to
cold injury in the Southeast (123). In
the Southeast other management factors,
such as the time of pruning, disking
practices,
selection
of
root stocks,
fertility, use of herbicides, pH, site
selection, and removal of dead trees and
limbs, influence tree life (23). Proper
management of the above factors without
appropriate nematode control results in
continued death of trees and loss of
productive limbs (23). The average life
expectancy of peach trees in nematodeinfested soils in the Southeast is 6 to
7 years (23).
The life expectancy of
trees receiving preplant and post plant
nematicides is estimated to be 12 to 13
years provided all of the above management practices are followed.
Some
individual orchards that have received
adequate nematode control and proper
management are living 15 to 20 years.
In California the expected life of
untreated peach trees is 10 years
compared with 20 years with nematode
control.
A conservative estimate of peach
fruit yields for the fresh market is:
First year 0, second year 0.5 bu, third
year 2 bu, fourth year 4 bu, fifth year
6 bu, sixth year and thereafter for the
life of the tree, 8 bu.
In practice,
orchards are not removed untu the
eighth to thirteenth year.
This reflects the attrition rate in untreated
orchards.
Trees start to die in the

first or second year and continue to die
untu the orchard becomes nonproductive
and must be destroyed.
Major losses
occur after the fourth or fifth year.
Growers replant trees usually through
the seventh year. In addition, trees in
nematode-infested sou, which have lost
limbs due to bacterial canker, cold
injury, and other reasons, may produce
only one-fifth or less of their potential yield (1).
The cumulative loss
over a 12-year period is estimated in
table 1. The State, number of acres of
peaches in that State, estimated number
of acres planted each year, estimated
acres nematode-infested, estimated acres
treated with DBCP, and the number of
acres with decline (peach tree short
life) are presented in table 2. The use
of DBCP for controlling nematodes was
rapidly increasing prior to the RPAR
Table 1.—Peach yields per acre in
bushels under optimal growing conditions and under conditions where
nematodes are present in damaging
proportions U

Optimal
Year yields
1
2
3
4
5
6
7
8
9
10
11
12

0
50
200
400
600
800
800
800
800
800
800
800

Yields
without
DBCP
0
48
100
200
300
300
250
200
175
150
150
150

Cumulative
yield loss
0
2
102
302
602
1,102
1,652
2,252
2,877
3,527
4,177
4,827

11 Source: National Peach Council
and other knowledgeable persons.

Table 2.—The State, number of acres in that State, estimated number of acres
planted each year, estimated acres nematode-infested, estimated number of acres
treated with DBCP, and the number of acres with decline or peach tree short life
in 19761/

state

Total
acres

Arkansas
5,000
California
(Peaches)
73,107
(Processing
51,507)
(Fresh
21,600)
(Other stone
fruits)
385,589
Colorado
3,000
Connecticut
550
Delaware
200
Florida
6,500
22,500
Georgia
1,211
Idaho
Illinois
2,500
1,200
Indiana
Kentucky
2,000
1,000
Louisiana
Maryland
3,303
Massachusetts
220
Mississippi
2,000
5,000
North Carolina
New Jersey
15,000
New York
2,275
3,273
Ohio
Oklahoma
2,500
1,913
Oregon
11,100
Pennsylvania
30,000
South Carolina
2,464
Vermont
Washington
2,000
575.405
Total

Estimated
Estimated Estimated
Estimated
Estimated
acres
acres .
acres
acres
planted preplant-treated
acres
treated
in
yearly
with DBCP
infested with DBCP decline
200

50

1,700

500

1,700

4,121

2,000

73,107

10,,966

7,310

19,279
90
40
50
1,200
3,000
100
180
100
200
100
400
20
2,000
500
1,500
175
275
300
100
1,110
3,000
250
100
38,390

1,800
0
0
0
100
2,000
0
0
0
0
0
200
0
200
400
700
75
50
0
0
50
2,500
0
0
10,125

385,589
50
100
200
6,500
15,000

4,,031
0
0
0
100
7,,500
0
0
0
0
0
50
0
0
1,,000
3,,000
300
100
0
0
1,,000
12,,000
0
0
36,,947

7
0
100
20
650
16,000
?

9

2,000
1,000
0
1,000
250
0
7
4,500
11,250
1,400
3,100
50
100
9,000
20,000
50
100
536,046

9

600
0
900
500
0
1,000
1,000
11,250
1,100
310
300
?
6,500
20,000
0
?
69,240

IJ Source: Robert Phillips, President, National Peach Council, personal contact ;
and knowledge of the team members about area situations.
against DBCP.
With continued use of
DBCP, many additional acres (those
infested but not treated) would have
been treated this year and subsequent
years as a result of extension educational programs (table 2). The loss in
benefits occurring if DBCP is not used
is indicated by the number of acres
already experiencing decline (table 2).
Research in South Carolina indicates

a 2 5-percent increase in yield on a
per-tree basis of trees 3 years old and
a 20-percent increase in yield on a peracre basis on trees 5 years old where
the ring nematode was present and controlled (237).
In California, increases
in yields of processing peaches have
been observed (102).
Simüar yield
increases have been documented where the
root-knot nematode is present.

Application Methods
DBCP is used as preplant and postplant treatments.
It is estimated that
26.5 percent of the preplant treatments
are with DBCP.
This is because the
preplant alternatives require a 3-month
to 6-month waiting period prior to
planting.
This delays planting, which
affects tree survival. A newly set tree
frequently wül die or fail to make much
growth in the first leaf (year) if the
root system does not have sufficient
time to become properly established
prior to the initiation of growth in the
spring.
DBCP is used at a rate of 7 gallons
(12.1 lb a.i./gal) per acre as preplant
and post plant treatments.
In most
applications, 6- to 10-ft-wide strips
are treated in rows where trees are to
be planted. Rows on 20-ft centers will
receive one-third to one-half (average
of 2.8 gal) of the above rate on the
treated acre.
Posttreatment frequency
is approximately once every 18 to 24
months.
The method of application in most
areas has been by chisel injection.
In
California, and other areas where flood
irrigation is practiced, DBCP has been
applied in the irrigation water.
The
technology exists to apply DBCP via
trickle irrigation and will probably
receive increased use in time.
Preplant and postplant applications
are recommended to be made in the fall.
The reasons for fall treatments are to
distribute work load, maximize land use,
and time applications to optimum weather
conditions. It is estimated that 30 percent of postplant treatments are applied
during other periods of the year, but
never within 30 days of harvest.
Alternatives
Several
alternatives
exist
for
preplant
treatments:
(a) Ethylene
dibromide (6 to 15 gal/acre); (b) Vorlex® (10 gal/acre); (c) DD (25 to 170
gal/acre); (d) Telone® (32 to 48 gal/
acre); (e) methyl bromide (400 lb/acre);

(f) Zinophos® as a bare-root dip (220);
and (g) chloropicrin (35 to 46 gal/
acre).
Zinophos® is not available and does
not substitute for a preplant treatment.
When available, it was used only as a
supplement to preplant fumigation where
nematode-infested nursery stock was
suspected.
Methyl bromide and chloropicrin
are not commonly used in preplant
fumigation because of high cost (approximately 16-fold greater than DBCP)
except for tree sites and nurseries.
Methyl bromide and chloropicrin are
broad-spectrum
biocides
and
affect
nontarget organisms. This has created
problems in nurseries because methyl
bromide
and
chloropicrin
destroy
mycorrhizal fungi (98).
In some areas
where soils are dry, methyl bromide is
recommended to control other pest and
disease organisms.
Chloropicrin is
generally used as a fungicide rather
than as a nematicide.
Vorlex® may have advantages in
areas where flood irrigation is available to moisten sou after application.
Vorlex® is more expensive and is
probably subject to the same limitations
as methyl bromide because of its broadspectrum biocide properties.
Ethylene dibromide, DD, and Telone®
are the only real alternatives to the
preplant situation, but a long aeration
time presents problems mentioned previously under application.
Cultural methods are unavailable
for control of nematodes in peaches.
Nematodes are omnivorous feeders when
compared with other pathogens.
They
are able to survive and reproduce on
interplanted crops and weeds that could
be used in any crop rotation scheme with
peaches. The practice of bare-fallowing
land prior to replanting is impractical
because of the high cost of peach land,
the very long persistence of the ring
nematode in dry soil (99), wind and
water erosion, and energy costs entailed
in maintaining bare fallow.

There are no alternatives to postplant fumigation with DBCP. Compounds
that are currently in experimentation
have a high mammalian toxicity, have
been erratic in performance against
target organisms in other crops (52,
114, 115, 116, 117, 118, 119, 230), and
will probably result in more frequent
application because of water solubility
and/or rate of decomposition in the sou
environment. Even from the most optimistic viewpoint, it will be several
years before a suitable alternative
nematicide is available.
Varietal resistance is not currently available for the ring or lesion
nematode but is available for the rootknot nematode; however, that resistant
variety, Nemaguard, stül has a reduced
tree life when the ring nematode is
present (238).
Conclusions
DBCP is an integral and necessary
component of the nematode management
program on peach. Its use prolongs the
productive life of trees and increases
fruit yields.
If DBCP is canceled for
this use, the peach industry will suffer
severely because there are no alternative postplant nematicides.
Citrus (lemons, oranges,
grapefruit, limes, tangerines)
Major Nematode Pest
Citrus nematode (Tylenchulus semipenetrans).
Registration

(a) Irrigation
(flood,
sprinkler)
applied
directly into irrigation
water; this method is used primarily in
Arizona and Texas. In Florida, DBCP can
be applied through aluminum irrigation
pipe, laid on the ground between rows
of citrus trees. Because labor cost of
moving irrigation pipe is continually
increasing, this method of irrigation is
being replaced by permanent overhead
irrigation.
DBCP cannot be applied
economically by overhead irrigation,
because too much DBCP is lost from
volatilization.
Consequently,
only
about 10 percent of the DBCP is applied
where ground pipe irrigation is still
practiced.
(b) Chisel — approximately 95
percent of the DBCP in California and
90 percent of the DBCP in Florida is
applied by tractor-drawn chisel applicators. DBCP is injected into the soil
about 8 inches deep.
Nonchemical Controls
Resistant varieties are available
and are being used in replant situations
in some areas. There is a citrus nematode biotype that will attack resistant
varieties in California.
Citrus trees
will survive for many years (longer than
50 years); therefore, the average grower
may not be involved in a replant situation for more than a decade. If an old
infested grove is pushed out, it is recommended that before replanting the soil
be treated with a fumigant, such as DD,
1,3-D, or EDB. This does not eliminate
the citrus nematode, but it does protect
the young tree from 5 to 8 years. After
that time, postplant treatment is necessary; there is no alternative to DBCP.

DBCP is registered and recommended
for use in all commercial citrus-growing
States for post plant application to control the citrus nematode.

Extent of Use
state

Bearing
acres*

Infested
acres

Percent
infested

Application
DBCP is registered for use once in
3 years. It may be applied at any time,
but preferably after harvest.
The
methods of application are irrigation
and chisel.
8

61,000
30,000
Arizona
136,000
California
272,000
796,200
Florida
400,000
Texas
64,100
57,800
Total
1,193,300
623,800
* Four years and older.

50
50
50
90

Pounds
Acres
active
treated Percent ingredient
per year treated used/year

State
Arizona
California

5,000
13,700

5.0
5.0

36,300
663,080

Florida
Texas

3,000
10,000

0.3
15.5

108,900
363,000

Total

31,700

1,171,280

Since DBCP is applied to citrus
only once every 3 years, the above estimates of quantity used and acres treated
represent the use level in any given
year. The total number of acres subject
to DBCP treatment over a 3-year cycle
approximates 81,000 acres of citrus.
Over a 3-year period, about 3,513,840
pounds of DBCP (a.i.) would be applied
for control of citrus nematodes in the
four major citrus-growing States.
Economic Impact
Increase in
yields
(tons/acre)

State
Arizona
California
Florida
Texas

Increase in
revenues
per acre*

6
6
3
6

$240
240
120
240

resulting in new cost to replant and at
least an additional 4 years of nonproductivity.
Rate per acre (pounds active
ingredient): 36.3-60.5. ±1
Cost per gallon (12.1 lb (a.i.)):
$8.00 (figure used in data).
Cost range from $6 to $13 per
gallon.
Risks
Irrigation
application
allows
volatile fumigant to be released into
the air.
Chisel injection is a safer
method because the fumigant is released
below ground level.
Grapes
Grape must be considered as three
different crops — wine, raisin, and
table varieties. Approximately 93 percent of the U.S. production is grown
in California; most of the remaining
production comes from New York,
Washington, and Michigan.
California
varieties are largely European, whereas
New York grows primarily Concord types.
Washington and Michigan began with Concord types but have been converting to
European types where climate permits.
Nematode data are taken mostly from
California (table 3), where most of the
DBCP has been used.

* Assume $40.00 per ton.
Nontarget Effects
No known effects.
Alternatives
No
tives.

registered

postplant

alterna-

Losses
The loss of DBCP will have effects
other than immediate yield impacts
because tree longevity will be affected.
Debilitated trees are not killed.
They
slowly continue to decrease in productivity, so that in time they become
marginally unproductive and eventually
(in 30 to 40 years) may be pushed out.

In California the Thompson Seedless
variety is used primarily for raisin
production on 235,900 acres; however,
about one-third of this production
(78,600 acres (628,000 tons)) is crushed
for use in blended wines, and 30,000
acres (180,000 tons) are harvested as
table grapes.
DBCP is used principally in light
to moderate-textured soils, which occur
mostly in the San Joaquin and Sacramento Valleys.
This area, the largest
grape acreage, produces raisin, table,
and wine varieties on 490,000 acres.
2J Rates will vary depending upon
sou texture.
In finer-textured soils,
the higher rate is recommended.

Table 3.—Grapes, 1976—California

Total
acres

Bearing
acres

Yield
(tons/
acre)

Varietal wine
241,680
Thompson Seedless 80,970
for blended wines.
Table
65,640
Raisin
243,011
Total
631,301

199,196
78,600

4.72
7.10

Unknown
14,148

62,330
235,901
576,027

6.17
7.93

28,048
28,314
70,510+

Grape type

Acres
treated
annuallyl./

Estimated
Total annual
loss in
yield loss
yield per
without use of
acre (tons)!^ DBCP (tons)
Unknown
1.0
1.0
1.0

Unknown
14,148
28,048
28,314
70,510+

V Assuming an average 2-year treatment cycle, 141,000 acres of grapes are treated
with DBCP*
2^1 Yield losses were estimated by the assessment team based on the observations of
research and extension personnel and the grape industry.
The most important varietal wine area
(North and Central coastal), of about
96,000 acres, contains mostly finetextured and rocky soils where response
to DBCP is infrequent and unpredictable.
The largest remaining grape area is the
inland valleys of southern California
where both table and wine grapes are
grown. This area of coarse sandy soils
has responded well to the use of DBCP.
Major Nematode Pests
Root-knot nematodes — Meloidogyne
incognita, M. javanica, M. hapla, M.
arenaria.
Root lesion nematodes — Pratylenchus vulnus, P. penetrans, P. neglectus,
P. scribneri.
Dagger nematodes — Xiphinema
index, X. americanum.
Ring nematodes — Macroposthonia
(Criconemoides) xenoplax.
Spiral nematodes — Helicotylenchus spp.
Citrus nematode — Tylenchulus
semipenetrans.

soil types, and the effects seem less
dependent on soil type.
The dagger
nematode, X. index, is important not
only as a direct root parasite but
also because it harbors and transmits
a serious virus disease, the fanleaf
complex, to new plantings.
Grape plantings usually are affected by two or more plant-parasitic
nematode species. A complex of five to
eight species is common, made up both of
endoparasitic and ectoparasitic species.
This greatly complicates the development of suitable tolerant rootstocks,
because rootstocks must be tolerant to
all species involved.
In addition,
chemical controls must be directed
toward control of the types most difficult to control, as well as those that
are present at greatest depths in the
soil.
Nontarget Effects
None recognized.
Application

The root-knot nematodes are common
and their effects are more severe on
coarse-textured soils.
The ring,
spiral, and citrus nematodes also are
more common in these soils, but their
effect is less obvious. Root lesion and
dagger nematodes are common in all
10

DBCP is used on grape, and most
other tree and vine crops, as part of a
nematode-management program. A preplant soil treatment with 1-3-D (DD,
Telone®), methyl bromide, or other soil
fumigant must precede planting to enable

plants to become established. A regime
of sidedressing treatments on a 1- to
3-year schedule with DBCP then is used
to keep nematode populations at a less
than
economically
injurious
level.
Numerous research trials, as well as
grower experience, have shown that
without
such
regular
sidedressing
treatments, damaging nematode populations can develop again within 2 to
5 years.
DBCP is applied down the row,
between and as close as possible to the
vines, by chisel injection and by flood
irrigation.
Application in water in
furrows and through sprinklers has been
less effective and results in 50 percent
or more loss of the toxicant to the
atmosphere.
The most effective and
economical rate of DBCP for nematode
control on grape is 2 to 2-1/2 gallons
(34.6 to 43.25 lb a. i./acre) active
ingredient per acre (2.86 to 3.57 gal/
acre of 12.1 lb/gal emulsifiable formulation).
If the chemical is chiseled
into the son, a light irrigation should
follow to disperse the chemical in the
soil.
If the chemical is to be applied
through irrigation water, it must be
mixed thoroughly into the water by
metering it in on the inlet side of a
centrifugal pump or, less desirably,
into an area of water turbulence, such
as a field standpipe; exposure to the
applicator is insignificant when DBCP
is dispensed by these methods.
Alternative Treatments
(a) There are now no satisfactory
or federally registered chemical alternatives to DBCP for post plant treatments. In experiments, the nonfumigant
contact
nematicide/insecticides
have
been less effective and appear to be
nemastatic rather than nematoxic. Thus,
populations are not reduced significantly.
As indicated above, preplant
son treatment is not an alternative,
but rather is a necessary part of a
satisfactory nematode control program on
trees and vines.
(b) Crop rotations.
Not applicable, except that after vine removal

land should be left fallow or cropped to
shallow-rooted crops for at least one
year (preferably two) to allow decay of
deep roots not removed in normal cultural practice.
(c) Rootstock tolerance or resistance.
Development of such rootstocks
has not been very successful.
Some
resistance to root-knot and to dagger
nematodes has been found, but this has
not been completely successful.
No
resistance to root lesion, ring, or
citrus nematodes has been achieved. In
addition, growers in the largest grape
production area prefer own-rooted vines
because of superior production; however,
such vines have the greatest susceptibility to nematodes.
(d) Cultural practices. Not applicable for this or other perennial crops.
Common cultural practices, such as fallowing, and others, are not effective
enough and take expensive land out of
production for one or more years.
Risks of Using DBCP
Applicators of DBCP are exposed to
negligible amounts of the chemical
during application providing recognized
practices are followed.
Low acute
toxicity and good mechanical equipment
make this chemical a safe one to apply.
Exposure during loading operations
should be supervised closely and chance
of accidental spills minimized.
Consideration should be given to the following
engineering changes: (a) Closed loading
systems; (b) dripproof valves.
Conclusions
DBCP is an integral and necessary
part of a nematode-management program
in a large part of the raisin, table,
and wine grape industry of California
where vines are grown on light- to
medium-textured soils.
Approximately
70,000 acres are treated annually.
This chemical is important in the
grape industry in helping the establishment and reestablishment of vineyards
on old vineyard and orchard soils.
11

The productive life of vineyards is
extended. Vineyards of 80 to 100 years
of age, which are still reasonably
productive, are not uncommon in California. When such blocks are removed,
reestablishment of vines and adequate
growth thereafter without pretreatment
of sou and subsequent use of DBCP
is impossible because of nematode populations that have built up on old vines.
Such a "replant problem" is common in
all perennial crops.
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The root-knot nematode, Meloidogyne javanica, is distributed throughout
Hawaiian pineapple production areas.
The reniform nematode, Rotylenchulus
reniformis, is distributed throughout
about 21,000 acres (about half of the
total acreage).
All islands have
the latter nematode species, and it is
continually spreading into and becoming
more important in pineapple production.
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Pineapples

The perennial pineapple plant is
grown to produce for 3 years, occasionally as many as 4 years. The establishment and protection of a good root
system during the first 12 to 18 months
are vital to the production of the
first crop ("plant crop"), to the first
"ratoon" crop, and any chance of a
second "ratoon" crop. The major profit
from pineapple is in the second crop
(first ratoon).

r^\

ffect
loss 0
DBCP
nnual )-

4-»

DBCP extends productive vineyard
life for an undetermined number of
years.
In maintenance of productive
raisin, table, and wine blending grape
varieties, the use of DBCP in a regular
manner, as indicated above, results in
an average yield increase of about one
ton per acre.

The Hawaiian pineapple industry is
comprised of three major companies and
a few small independents.
Pineapple
is grown on 43,000 acres (table 4),
producing 25 percent of the world's
pineapple crop.
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Application
Three
chemical
schedules
and
combinations of chemicals are used for
pineapple production in Hawaii.
The
chemical or mixture used depends on the
nematode species present, on the presence of excess sou moisture, or on poor
soil structure.
(a) 1,3-dichloropropene (DD, 1,3D). Root-knot nematode only; dry sous.
(b) 1,3-dichloropropene plus dibromochloropropane (DBCP). Root-knot
nematode and reniform nematode; dry
soils.
(c) Ethylene
dibromide
(EDB).
Root-knot nematode, usually with reniform nematode; wet soils.
DBCP is applied at 5 gal/acre (60.5
lb/acre a.i.) and is injected into the
soil with 1,3-dichloropropene at about a
10-inch depth under plastic strips 32 to
38 inches wide that cover the planting
rows (beds).
Alternatives
(a) Chemicals. No alternative chemical is now registered for use on pineapple to replace DBCP. The established
preplant fumigants (DD, Telone®, and
EDB) are not satisfactory substitutes
used alone. They already are used; the
former is used in combination with DBCP
and alone, but provides insufficient
control of the reniform nematode.
(b) Crop rotations.
No practical
alternative crops are available for use
on pineapple lands, primarily because
pineapple requires little water and
there is insufficient water for other
crops with greater water needs. Also,
crop rotation would require approximately double the present acreage,
and additional satisfactory land is
unavailable.
(c) Tolerant or resistant varieties.
The Cayenne variety, which is presently grown, already has some tolerance
to the nematodes injurious to Hawaiian

pineapple. A 60-year breeding program
based on a worldwide collection of
species and varieties has failed to find
a suitable, more tolerant variety.
(d) Cultural practices. No change
in cultural practice seems practical to
lessen further the effects of root-knot
and reniform nematodes. Dry soils and
lack of additional suitable lands preclude the use of such practices as
fallowing and other soil manipulations.
Conclusions
DBCP is an integral and necessary
tool for the control of the reniform
nematode on pineapple. If DBCP is canceled for this use, there are no alternative methods to control the reniform
nematode. Without control of the reniform nematode, pineapple yields from the
first ratoon crop would be impaired and
second ratoons would not be produced.
Inasmuch as the first ratoon is the crop
that provides the major profit. It is
obvious that the industry cannot sur'vive
without the first ratoon crop.
Therefore, with no alternative method for
controlling the reniform nematode in the
ratoon crop to allow a profitable crop
to be produced, it seems apparent that
if DBCP is canceled for this use, the
pineapple industry wfll not survive.
Soybeans
Major Nematode Pests
Nematodes are one of the major
limiting factors in soybean production.
Many species are known to cause damage.
Among the most important nematodes are
cyst (Heterodera glycines), root-knot
(Meloidogyne arenaria, M. incognita, M.
hapla, M. javanica), and such ectoparasites
as
stubby-root
(Trichodorus
spp.), sting (Belonolaimus spp.), lesion
(Pratylenchus spp.), ring (Criconemoides
spp.), lance (Hoplolaimus spp.), dagger
(Xiphinema spp.), stunt (Tylenchorhynchus spp.), and reniform (Rotylenchulus
spp.).
The Soybean Disease Workers
Council reported the loss in 1976 at 8.5
percent of the 23,690,000 acres grown in
the Southeastern United States (21, 71).
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Geographie Region Involved
Percentage loss caused by
nematodes affecting soybeans.

state
(acreage)
Arkansas
(4,322,000)
Mississippi
(3,250,000)
Missouri
(4,200,000)

major

Nematode
Root-knot
Cyst
and others
6.5

1.5

1.5

2.8

19.0

1.0

Tennessee
(1,800,000)

8.0

Georgia
(940,000)

Trace

South Carolina
(1,500,000)

Trace

5.5

North Carolina
(1,600,000)

1.0

5.5

Alabama
(1,700,000)

2.0

10.5

2.5

1.0

3.0

Florida
(265,000)
Oklahoma
(240,000)
Maryland
(285,000)

3.5

Louisiana
(2,120,000)

4.0

Kentucky
(1,070,000)

3.5

Virginia
(398,000)

0.5

4.0

Economic Impact
The Southeastern Soybean Disease
Workers Councu placed the 1976 losses
caused by all nematodes at an average of
8.5 percent over the area.
Average
yield for the net loss due to nematodes in spite of treating is estimated
to be 42,283,080 bushels.
In 1976
approximately 10 percent of the acreage
in the southeastern States was treated
with DBCP and other nematicides, with an
average yield increase of 9.3 bu/acre.
At $5.00 per bushel, this generated a
gross value of $46.50 per acre or a net
profit of $36.50 per acre; however, with
the low cost and availability of DBCP,
ease of application, and effectiveness,
treated acreage in the southeastern
States WÜ1 increase rapidly.
Alternatives

1.0

Total acreage
23,690,000 (Annual crops 1977)

Application Methods, Time,
Rate, and Cost
DBCP is applied at the rate of 9 lb
a.i./acre at a cost of $6.00/acre for
the chemical.
In 1976 approximately
14

10,659,600 lb of DBCP were used in the
Southeast.
Two methods of application
were used:
(1) Chisel injection 6 to 8
inches below the soil surface, or (2)
"Hipper-ripper" approximately 12 inches
below the surface with a subsoü shank
and beds formed by the hipper disk.
Application can be made either preplant
or at planting.
The majority of the
acreage will be treated at planting to
eliminate extra trips with equipment
over the field.
Approximately 50
percent of the acreage in southeastern
States is treated and planted by this
method; other nematicides cannot be used
with this energy and sou conservation
planting technique.

Other chemicals labeled for nematode control on soybeans are Telone®,
Mocap®, Dasanit®, Furadan®, and Nemacur®. These nematicides, however, are
more expensive and less effective than
DBCP against many nematodes, such
as lance and cyst.
The listings on
page 15 (I-V) give the percentage
yield increases over nontreated controls.
These listings were compiled
from data appearing in Blackmon (21),
Bird (17), Dukes and others (54),
Experiment
Station
annual
reports.
Extension Service reports, and Down
to Earth (112).

I.

Major nematode :

Hoplolaimus columbus

Treatments
Control
DBCP
Nemacur®
Mocap® 10 G
II.

Yield (bu/ acre)
13.1
38.7
32.8
29.0

9 lb/acre
2 lb a.i./acre
2 lb a.i./acre

Major nematode:

III.

IV.

82.0
40.5

Susceptible variety

Resistant variety

Yield (bu/acre)
5.46
11.93

Yield (bu/acre)
20.76
21.84

Heterodera glycines
No. of
tests

Treatment
DBCP

44.6
43.2
38.0

Heterodera glycines

9 lb/acre

Major nematode:

Percent yield increase

22.2
32.1
31.8
30.7

2 qt/acre
2 lb a.i./acre
2 lb a.i./acre

Treatments

V.

21.0
38.3
29.5

Yield (bu/acre)

Major nematode:

Control
DBCP

Percent yield increase

Ectoparasites

Treatments
Control
DBCP
Nemacur®
Dasanit®

Yield (bu/acre)
9 lb/acre
9 gal/acre

Major nematode:

195
150
121

Hoplolaimus columbus

Treatments
Control
DBCP
Telone®

Percent yield increase

8.5-10.9 lb/acre

Cost per acre at the recommended
registered nematicides.

22

-3.3-18.9

rate for treating

Nematicide

Application rate*

DBCP
Nemacur®
Dasanit®
Mocap®
T clone®

9
2
2
2
9

$ Return per
acre over
fumigant cost

Increase
Range
Average

lb a.i./acre
lb a.i./acre
lb a.i./acre
lb a.i./acre
gal/acre

10.65

6.3

soybean

with

each

of the

Chemical cost per acre*
$6.00
14.00
14.00
14.00
36.00

* Average estimate by DBCP assessment team.
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Crop Rotation

Cultural Practices

Common crops used in rotation with
soybeans and peanuts are corn, cotton,
and to a lesser extent milo.
The
lesion, stubby-root, and sting nematodes
are parasitic to all of these crops;
consequently, the beneficial effect of
any of these crops for reducing numbers
and damage is minimal.
Inclusion of
cotton in a rotation of fields in which
the peanut root-knot nematode or
northern root-knot nematode occurs may
be expected to reduce numbers of these
nematodes since cotton is a nonhost;
however, if, as in many fields, the
peanut or northern root-knot nematode
occurs with the southern root-knot
nematode, the latter wül increase and
may be injurious to soybeans when
planted after cotton. This serves as an
example of the complication that occurs
under
actual
field
conditions;
it
negates the practical effective use of
rotation in soybeans as the only means
of nematode control (71, 153, 155).

Deep chiseling at time of planting
soybeans has become a widespread
practice throughout the southeastern
States.
The typical effect of this
practice on soybeans is a yield increase
during the first year.
Because of
resulting increased development of the
root system, however, nematode numbers
in
succeeding years
also increase
sharply and yields decline, subsequently
eliminating any gains obtained from the
use of chisel plows without nematicides.
Because of this, and because of the ease
of DBCP application with the chisel
plows, this nematicide has become almost
essential to ensure the success of this
practice
for
crop
protection
and
increasing yields.
DBCP is the only
effective nematicide that can be applied
at planting by this method.

Resistant Varieties
Peanut root-knot
(Meloidogyne arenaria)
Bragg
McNair 600
FFR 666
Southern root-knot
(Meloidogyne incognita)
Bragg
McNair 600
Forrest
Cobb
Coker 136
Coker 338
Hutton

Nontarget Effects
Effects of DBCP on nontarget
organisms in soils can be both beneficial and potentially deleterious.
Beneficial Effects

Soybean cyst nematode
(Heterodera glycines)
Mack
Pickett 71
Forrest
Custer
Dyer
(Data compiled from Wells
Schmitt (233) and Good (72)).
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Alternative nematicides
(nonvolatile) will be incompatible with deep
chiseling operations.
Also, use of
nonfumigant nematicides would require
the purchase of additional application
equipment.
Although this equipment
would be used and amortized over several
years, the initial cost would be great.
Also, application of these nematicides
would require additional field operation
procedure, with a potential increase in
production cost of $71,070,000 ($3.00
per acre).

and

There is evidence that application
of DBCP at and below nematicidal rates
results in good control of Pythium
aphanidermatum, and more importantly
for soybeans and peanuts, DBCP controls
Rhizoctonia solani (66).
(Soybean and
peanut are usually rotated.) Rhizoctonia
solani is one of the main components of
the Rhizoctonia-Pythium-Fusarium pod-rot
complex in peanuts. It is the principal
disease-causing pathogen in the pod-rot

complex in Georgia and Alabama, and
DBCP is recommended in the latter
State for the reduction of the pod-rot
complex. Where the predominant pathogen
in the complex is Pythium myriotylum,
DBCP is ineffective in reducing damage.

the yields that DBCP does where the
soybean cyst and root-knot nematodes
are present; therefore, the grower will
suffer the loss of income as well as
additional cost of alternative nematicides and their application.

Potential Adverse Effect

Cotton

Increases in the incidence of
southern
stem
blight,
caused
by
Sclerotium rolfsii, in peanuts have been
reported; however,
no correlation in
the increase in this disease and yield
loss has been reported.
Increase of
this disease is less after treatment
with DBCP than with soil fumigants such
as DD, 1,3-D, or EDB. If DBCP cannot
be used on rotation crops, such as
peanuts preceding soybeans, nematode
damage to soybeans wül increase.

Major Nematode Pests

Nontarget
The use of organophosphates as
replacements for DBCP has disturbing
implications.
Because of the general
ineffectiveness
of
organophosphates
against the peanut root-knot nematode,
the soybean cyst nematode, and the lance
nematode, their use would be expected to
favor these nematodes when applied to
fields with mixed populations of these
and other nematode species more sensitive to the organophosphates. In contrast, the broader spectrum nematicidal
activity of DBCP, which kills the
northern root-knot, lance, and soybean
cyst nematodes, does not present this
potential problem (153). There is some
evidence that the organophosphate nematicides will kill beneficial insects,
thereby increasing use of insecticides
to control pest insects.
Conclusions
DBCP is an essential low-cost nematicide to control nematodes on soybean.
If DBCP is canceled for this use, the
energy and sou conservation technique
known as "hipper-ripper'' cannot be used.
This will result in additional expenditure of our energy sources since another
field operation will be necessary. Also,
alternative nematicides do not provide

The key nematode in crop losses in
cotton is the cotton root-knot nematode,
Meloidogyne incognita, by reason of its
reproductive and survival capacity, wide
host range, and the fact that it is
found in all of the cotton-producing
States.
Other nematodes that cause
significant economic losses in one or
more States are the sting nematodes,
Belonolaimus sp.; the lance nematodes,
Hoplolaimus columbus and H. galeatus;
the reniform nematode, Rotylenchulus
reniformis ; and the stunt nematodes,
Tylenchorhynchus spp. (19).
Other
genera
occasionally associated
with
damage to cotton include lesion nematodes,
Pratylenchus
spp.;
spiral
nematodes, Helicotylenchus spp.; and
dagger nematodes, Xiphinema spp.
In addition to crop losses directly
attributable to these nematodes, rootknot, sting, and stunt nematodes significantly increase the damage caused
by Fusarium wilt, producing a disease
complex commonly referred to as Fusarium
wilt-nematode disease (135).
Application
DBCP may be applied to cotton prior
to planting, at planting, or as a postplanting sidedressing.
It is usually
injected 6 to 10 inches below the soil
surface, but it may be applied in irrigation water in furrows. When DBCP is
injected with chisels set 12 inches
apart over the entire area, it is said
to be applied overall.
In-the-row
application means application with one
or two chisels near the center of the
row. Cotton rows are commonly 36 to 42
inches apart unless skip-row planting
is practiced.
The amount applied may
vary from 17 to 26 lb a.i./acre for
17

overall treatments to 9 to 18 lb a.i./
acre per 12,400 linear feet of row for
in-row treatments.
The amount used
depends on local conditions, degree of
soil infestation,
and the economics
of production*
A widely used recommendation is for the application of 12
lb a.i./acre in the row 7 to 14 days
before planting (48, 69, 221).
Alternatives
(a) Chemical controls. The following materials and rates of application
have been registered for control of
nematodes on cotton (48, 223):
D-D® (a mixture of 1,3-dichloropropene, 1,2-dichloropropane, and related C3 hydrocarbons weighing 10
lb/gal) applied at 180 to 250 pounds
per acre overall or 75 to 100 pounds per
acre in the row 10 to 14 days before
planting.
Telone® II (92 pet 1,3-dichloropropene, weighing 10 lb/gal) applied at
90 to 150 pounds per acre overall or 45
to 60 pounds per acre in the row 10 to
14 days before planting.
EDB (85 pet ethylene dibromide, 12
lb/gal) applied at 45 to 90 pounds per
acre overall or 22 to 45 pounds per acre
in the row 2 to 3 weeks before planting.
Nemacur® applied at 1.65 to 3.3
pounds a.i. per acre (on 40-inch rows)
as a 15-percent granular formulation in
12-inch to 18-inch bands ahead of the
planter shoe.
Temik® 15 percent granular applied
at 2.1 to 4.05 pounds a.i. per acre
(40-inch rows) in the far West, or 0.525
to 1.5 pounds a.i. per acre (40-inch
rows except far West).
Drül granules
just below seed line at planting.
DBCP, D-D®, Telone®, and EDB are
all effective nematicides against the
cotton root-knot nematode under ideal
conditions for sou fumigation; however,
these conditions seldom prevail or do so
for only a short time. Under less than
desirable conditions, particularly lower
18

or higher temperatures,
of its vapor pressure,
cide of choice.
Aside
main grounds for choice
phytotoxicity of DBCP
near or at planting and
fumigants (133).
Acreage
price/
Chemical
gallon
DBCP
$8.00
(12.1 lb/gal).
D-D»
2.50
Telone® II
4.00
EDB (83 pet) 5.50

DBCP, because
is the nematifrom this, the
lie in the lower
when applied
the cost of the

Acreage Acreage
cost/
gallons/
acre
acre
1
$8.00
8 1/2
5
2 1/2

21.25
20.00
13.75

In tests for control of the sting,
lance, and reniform nematodes, applications of Nemacur® and Temik® have
resulted in yields equal to those obtained with DBCP (15, 16, 18, 19, 74,
80, 178).
The use of organophosphate and
oxime compounds as nematicides on cotton
may reduce predaceous and parasitic
arthropods, which provide natural control of several insect pests (William R.
Lambert, personal communication).
(b) Crop rotations of 1 or more
years are effective in reducing populations of the cotton root-knot nematode.
In the western States, alfalfa and some
grain crops are used for this purpose.
In Texas, grain sorghum is alternated
with cotton to control both root-knot
and reniform nematodes. In the Delta and
in the Southeast, soybeans are rotated.
Where practicable, these rotations are
employed effectively, but in most instances they present the grower with unfavorable economic choices (70, 71, 144).
(c) Varietal
resistance
to
the
Fusarium wilt-cotton root-knot nematode
complex exists in a number of named
varieties and breeding lines of cotton.
These include Auburn 56, DPL 45, DPL 25,
and others (71, table II).
These show
good yields in the presence of the Fusarium wilt-nematode complex, but highyielding, high-quality cotton varieties
with good resistance are not available
in all areas (95).

(d) Cultural practices.
Summer
fallow WÜ1 effectively reduce populations of root-knot nematodes in the West
and Southwest. The land should be free
of plant growth for 6 weeks to 2 months
in the middle of the summer. In addition, the sou should be turned or
ridged two or more times to permit
drying.
The practice is objectionable
to growers on economic grounds, both
from the expenditures in disking and
listing and from the loss of productivity (144).
Soil fumigation enables
the grower to utilize his or her
investment more efficiently, and it
reduces dust problems.
Subsoiling by "hipper-ripper" for
the control of damage caused by Hoplolaimus Columbus in Georgia and South
Carolina has resulted in yield increases
equivalent to soil fumigation (80, 223);
however, it appears that this practice,
while highly beneficial, has opened a
reservoir of soil for the cotton roots
and permitted temporary escape from the
nematodes. After one or more years, the
nematodes colonize this soil and sou
fumigation must be resorted to (A. W.
Johnson, personal communication). Only
DBCP can be used with this soil conservation practice.
Economics
(a) Yield losses due to nematodes.
In the opinion of a number of nematologists, there are no adequate figures on
yield losses due to nematodes.
Estimates of the reduction in yield of
cotton caused by diseases are compüed
annually by the committee on Disease
Losses of the Cotton Disease Council
(CDC) and are published in the Plant
Disease Reporter (47, 141). These include losses due to root-knot nematode
and other nematodes.
Nematode losses
have been as high as 2.93 percent of
the national crop in 1973 and as low as
1.63 percent in 1966. The loss in 1973
represented 381,826 bales.

reported by the CDC have declined to
0.20 percent in 1975. Yet it was estimated that 25 percent of the cotton
acreage in Arizona was treated for nematode control in 1976 (M. A. MacClure,
personal communication).
(b) Acreage treated for nematode
control.
Time did not permit the collection of this information from the
14 cotton-producing States.
Arizona
reported 17,000 acres fumigated with
DBCP, or 5 percent of the 1976 crop of
348,000 acres. In North Carolina, 8,000
acres were treated with either DBCP,
Telone®, or Nemacur®.
This is 11 percent of the 1976
crop. The North Carolina Agricultural
Extension Service estimates a loss of
8 percent or 5,760 bales of cotton in
1976 (J. C. Wells, personal communication). In Texas, the acreage treated
was estimated at 20,000 to 30,000.
Losses in 1976 in Texas were estimated
to be around 100,000 bales or 3 percent
of the crop (47). There are indications
that additional acres would benefit from
treatment.
(c) Amount of DBCP applied to cotton in 1975 was estimated at 2.7 million
pounds (164). At an average dosage of
12 pounds per acre, this indicates fumigation of 225,000 acres.
During this
same year 2.5 million pounds of DD were
used, enough to treat 25,000 acres at
100 pounds per acre.
Telone® II consumption of 2.0 million pounds would
treat 40,000 acres at 50 pounds per
acre.
This represents a total of
290,000 acres of cotton fumigated in
1975, if it was all used.
The CDC
disease losses due to nematodes were
estimated to be 172,837 bales. At 1/2
bale per acre, this represents an additional 346,000 acres that should have
been treated.
Peanuts
Major Nematode Pests

This loss is not considered to
include the cost of nematode control
needed to prevent other losses.
For
example, the annual losses in Arizona as

Nematodes are one of the major
limiting factors in peanut production
in all areas of the United States.
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Both major groups of nematodes affect
peanuts. The ectoparasites feed externally on the roots, pegs, and fruit,
and the endoparasites feed internally on
the roots, pegs, and pods. Continuous
feeding by either group of nematodes
causes various symptoms that cannot be
recognized easily without close examination of the affected parts.
The
principal nematodes affecting peanuts in
the South are the northern root-knot,
peanut root-knot, lesion, sting, ring,
and stubby-root nematodes.
Northern root-knot nematode (Meloidogyne hapla) enters and feeds inside
the roots, pegs, and pods. This nematode causes small galls to form on roots
and enhances root proliferation. Excessive matting of lateral roots and poor
rhizobium nodulation are characteristics
of the disease.
Peanut
root-knot
(Meloidogyne
arenaria).
This nematode occurs most
frequently on peanuts in the Southeastern
United
States
in
Alabama,
Georgia, Florida, and Texas and is a
much more devastating pest than the
northern root-knot nematode.
This
nematode attacks roots,
pegs,
and
pods, causing large galls that are
rough and knotty in appearance. Plants
infected early are stunted severely, and
they frequently die before the end of
the growing season.
Lesion
nematode
(Pratylenchus
brachyurus) . Researchers from Georgia,
Oklahoma, Virginia, and North Carolina
have reported frequent damage to peanuts from this nematode.
Workers in
Texas have reported occasional damage.
Damage by lesion nematodes is characterized by small discolored lesions on
the pods and pegs. The most extensive
damage occurs when soil borne organisms,
such as bacteria and fungi, invade the
lesions caused by the nematode.
This
disease complex accelerates decay of
pegs and kernels. This decay not only
reduces yield but also greatly affects
quality of the pods that are harvested.
Sting nematode (Belonolaimus longicaudatus). The sting nematode is one of
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the most devastating nematode parasites
of peanuts, except in Florida.
This
nematode is most commonly found in the
light sandy and sandy loam sous. Certain areas of Carolina and Virginia are
heavily infested with the sting nematode
and have experienced heavy losses where
no controls have been practiced. Plants
affected by this nematode are markedly
stunted and yellow.
Roots of affected
plants become discolored and sparse, the
lateral roots frequently are destroyed,
and pods are discolored.
Yields from
these affected areas are very low and
quality is poor.
Ring (Criconemoides
spp.)
and
stubby-root (Trichodorus sp.).
These
two genera of nematodes are responsible
for some reduction in yield and quality
throughout the entire peanut belt, but
the magnitude of damage has not been
ascertained.
Symptoms caused by the
stubby-root nematode are simüar to
those caused by the sting nematode.
Geographic Regions Involved

States

Percent
Percent of
loss caused acreage
Total
by nematreated
acreage
todes DHCP Others

Alabama 214,000
5.0
55
20
Florida
63,000
5.0
50
10
Georgia
525,000
2.0
20
10
North
168,000
5.0
20
60
Carolina.
Oklahoma 122,000
10.0
10
50
South
16,000
5.5
10
50
Carolina.
Texas
310,000
8.0
10
10
Virginia 104,000
5.0
20
60
—
—
New
9,600
2.0
Mexico.
—
—
Missis11,000
5.0
sippi.
Total
1,542,600
(Data compiled by State Research
and Extension Peanut Disease Loss
Committee.)
Application Methods, Time,
Rate, and Cost
DBCP is applied at the rate of 9
lb/acre at a cost of $6.00/acre for the

Chemical.
Two methods of application
are used:
(1) Chisel injection in rows
6 to 8 inches below the soil surface;
(2) "hipper-ripper" in row approximately
12 inches below the soil surface with a
subsoil shank and beds formed by the
hipper disk. Application is made either
preplant or at planting time.
Most of
the acreage is treated at planting to
eliminate extra trips with equipment
over the field.
Use of DD and 1,3-D
delays planting 10 to 14 days and reduces sou moisture. This is especially
critical in nonirrigated areas of Texas
and Oklahoma. EDB can be used closer to
planting than can DD and 1,3-D.
Economic Impact
The Peanut Disease Loss Committee
reported a 5.3-percent average loss in
yield, even with treatment, caused by
all nematodes in the peanut production
region.
The estimated dollar loss,
based on total crop value, is about $17
million to $20 mülion.
In 1976, 46.5
I.

DBCP
Furadan® 106
Dasanit®
Mocap®
Check

12.1
2 lb
2 lb
2 lb

lb/acre
a.i./acre
a.i./acre
a.i./acre

Contact nematicides labeled for
nematode control on peanuts are Dasanit®, Furadan®, Mocap®, Temik®, and
Nemacur®; however, these nematicides
are not so effective against M. arenaria
as the fumigants DBCP, EDB, DD, and
1,3-D.
The listings at the bottom of
this page and at the top of page 22
(I-IV) give examples of yield increases
and comparisons of the fumigant DBCP
with contact nematicides for the major
nematodes affecting peanuts.

Yield
(lb/acre)

Increase
(pounds)

Percent yield
increase

3,462
3,330
3,241
3,229
1,770

1,692
1,560
1,471
1,459

96
88
83
82

Increase
(pounds)

Percent yield
increase

Root-knot nematode (Meloidogyne arenaria) (97)
Yield
(lb/acre)

Treatments
DBCP
Furadan®
Nemacur®
Dasanit®
Mocap®
Check
III.

Alternatives

Sting nematode (Belonolaimus spp.) (231)

Treatments

II.

percent of the peanut acreage was
treated with nematicides (19.5 pet with
DBCP and 27.0 pet with nonvolatile nematicides).
In 138 field tests conducted
throughout the peanut production region
since 1958, an average yield increase of
742 lb/acre was obtained and quality was
improved in all tests.
Based on an
average price of 20<|î/lb, this would give
a gross value increase of $85.33 or a
net value of $75.33 per acre.

12.1
2 lb
3 lb
3 lb
3 lb

lb/acre
a.i./acre
a.i./acre
a.i./acre
a.i./acre

2,993
1,907
1,757
1,593
1,423
1,176

1,757
731
581
417
247

149
62
49
35
21
—

Root-lesion nematode (Pratylenchus brachyurus) (169)

Treatments
DBCP
Dasanit®
Furadan®
Mocap®
Check

12.1
3 lb
2 lb
3 lb

lb/acre
a.i./acre
a.i./acre
a.i./acre

Yield
(lb/acre)

Increase
(pounds)

3,033
3,131
2,718
2,475
2,475

558
656
243
0

Percent yield
increase
23
27
11
0
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on the soil surface in a band over
the row or are broadcast and immediately incorporated into the soil with
tillage equipment.
Dosage rates vary
from 0.50 to 1.5 gal (6 to 18 lb a.i./
acre) in the row to 2 gal (24.2 lb
a.i./acre) broadcast and will cost the
grower approximately $8.00/gallon. Cost
varies from $6 to $13 per gallon.
Alternatives
(a) Chemicals. DD mixtures, EDB,
Vorlex® (DD-MENCS), Telone®.
Comparative costs. DBCP — $8.00/
gallon, DD ~ $2.80/gallon, Vorlex® ~
$8.00/gallon, EDB — $5.50/gallon, and
Telone® — $4.10/gallon.
Disadvantages. All chemical alternatives require a 2-week to 4-week
waiting period between time of chemical
application and planting.
This would
disrupt the normal planting procedure.
These chemicals would have to be applied
at a time when planting would normally
be done, delaying planting 2 to 4 weeks.
This delay would disrupt selling highvalue vegetables on early markets and
would cause more severe pest problems
later in the season, requiring one to
two additional applications of insecticides and fungicides. Also, application
of these nematicides would require an
additional field operation at a cost of
about $3.00/acre.
Therefore, use of
these nematicides would cost vegetable
growers a potential increase in production cost of approximately $1,000,000
(373,700 acres treated x $3.00/acre) for
increased application costs.
(b) Crop rotations. Crop rotation
will not control all nematodes that
injure vegetable crop plants because of
the
overlapping
host-susceptibility
of economically productive cultivated
and forage crops;
therefore,
crop
rotation is of very little value in
controlling nematodes on vegetable crops
(87, 88, 171).
Rotations that include
poor-host or nonhost plants can sometimes reduce the damage caused by
nematodes and, where vegetables have
a low per-acre value, this may be the
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only economical method of control that
can be used.
(c) Resistant varieties.
Plant
breeders, working with nematologists,
have developed 152 varieties for 23
major crops with resistance to one or
more of 12 nematode species (71).
In
addition, there are 130 cultivar s of six
vegetable crops (common bean, lima bean,
pepper, soybean-edible, southern peas,
and tomatoes) reported to be resistant
to one or more species of root-knot
nematodes (56); however, seed is generally not available.
Most soils for
vegetable production are infested with
mixed communities of nematodes; therefore, the value of resistant varieties
with monospecific resistance is minimal
in vegetable production. More recently,
data from greenhouse studies (162) indicate that several cultivars of tomato
previously reported to be resistant to
root-knot nematodes (M. incognita) may
not be resistant at all.
"Resistantbreaking" races or pathotypes of nematodes are a limitation to the continued
usefulness of a resistant variety in
vegetable (especially tomato) production
areas.
There are not sufficient varieties of resistant vegetable crops to
offset the great need for nematicides.
(d) Cultural procedures.
Fallow.
Summer and winter clean
fallow are aids in controlling some
nematodes (68). The best nematode control is obtained when clean fallow is
maintained during hot, dry weather —
either by withholding moisture, which
is only possible in arid areas, or by
preventing plant growth by repeated
plowing, harrowing, or use of nonselective herbicides (85).
Clean fallow,
however, depletes soil organic matter
and enhances erosion (81) and does
not provide an income for the grower.
These methods do not provide necessary nematode control for vegetable
crops.
Flooding. Flooding as a means of
controlling root-knot nematodes was
first reported in Florida by Watson
(227).
Later, studies by Thames and
Stoner (179) established that flooding

of rice peat fields for 3 months gave
practical control of M, incognita for
two succeeding crops of vegetables. The
elevation of most agricultural land in
the United States does not permit the
widespread usage of flooding as a practical means of controlling nematodes on
vegetable crops.
Conclusions
Loss of DBCP for vegetable crops
would mean increased cost of nematode
control; but perhaps worse, .a 2-week to
4-week delay in planting date because of
the waiting period that must be observed
when using other fumigant nematicides.
This waiting period would cause a loss
of revenue because harvest would not be
soon enough to catch the ''early'' market.
Delayed planting would most likely
create greater problems with insects and
disease organisms. This would require
additional insecticides and fungicides,
which would create other costs for the
grower. Organophosphate and carbamate
nematicides generally are not registered
for vegetables, melons, and strawberries
and are not as effective as DBCP.
Home Gardens and Lawns
Major Nematode Pests
Nematode species in home gardens
include a broad range of phytoparasitic
genera.
This results from the large
variety of hosts and the widespread
location of the gardens.
Root-knot,
lesion, sting, stubby-root, and other
nematodes are among the major pests.
It is not possible to maintain
desired production of home gardens in
many areas of the South without DBCP
treatment in areas where nematodes are a
problem.
Yields of susceptible crops,
such as okra, eggplant, tomato, carrot,
cucurbits, pepper, beans, and others,
will gradually decline even when tolerant varieties are used.

DBCP for home garden use are less than
5,000 gallons, and for home lawns the
total is under 20,000 gallons.
This
figure is probably very low since it is
based on basic manufacturers' records of
the amount of DBCP packaged for home
garden use, and in rural areas large
numbers of hpme gardens are treated with
agricultural stock.
These gardens are
not included in the assessment, and the
quantity of DBCP used cannot be determined.
In addition, local distributorformulators who buy agricultural stock
from the manufacturers package DBCP
for home and garden uses. This amounts
to a significant gallonage; the total is
not known by the manufacturer.
(For
example, in Florida alone, sales of DBCP
from local formulators in small packages
to homeowners amount to approximately
10,000 gal.)
There are 53 million gardens in the
United States; the value of products is
$400 to $600 per garden. DBCP is used
mostly in the southern States where
there are an estimated 3.5 million
gardens of 1/5 acre or less in size.
The net benefit from a treated home
garden is estimated at about $200. An
estimated total of 250,000 gardens are
treated; if untreated, the net loss
could be $50 million.A^
Application, Time,
Methods, and Rate
DBCP is registered for home use
as an emulsifiable concentrate (86 pet
a.i.) and more commonly impregnated on
attapulgite granules at concentrations
ranging from 1 percent to 36 percent
(w/w). In home gardens the material is
applied either broadcast (tilled into
the soil to a depth of 4 to 6 inches) or
in trench application and covered with
soil.
The rate per acre varies (10 to
30 lb a.i. broadcast) depending on the
type of application. In home lawns DBCP
usually is applied in granular form on
the sou surface and watered in, or it
is applied by drench.

Economic Importance
According to the manufacturers, the
estimated national total annual sales of

3^/ Estimates derived from discussions with extension horticulturalists,
plant pathologists, and nematologists.
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Alternatives
(a) Chemicals.
The only alternative chemicals registered for use in
home gardens are the preplant fumigants
DD, Vapam®, EDB, and Vorlex® (Florida
and Alabama only). These materials are,
however, used in small amounts compared
with DBCP because the latter is used at
planting time without a waiting period
after treatment.
In addition, suitable
application equipment for these alternative fumigants for home garden conditions is not available.
Vapam® and
Vorlex® are noxious and very expensive.
Moreover,
the
cost
of alternative
fumigants would be double or triple for
equivalent (or lower) yield returns.
For watermelons, DBCP at 6 lb a.i./acre
resulted in a 35-percent increase in
commercial marketable melons compared
with 27 percent for DD applied at 200
lb/acre (43).
Similar type differences
were found in comparisons between DBCP
and Vorlex® in tomatoes (55, 183).
There are no registered alternative
organophosphate compounds for home
garden use.
An application for registration of Mocap® has been submitted to
EPA. In published results on comparative tests between DBCP and Mocap^»^ lOG
applied broadcast at 5 to 6 lb a.i./
acre, Mocap® gave equal or lower yield
responses than yields from DBCP for some
vegetables, such as lima beans (163).
There is a problem of phytotoxicity,
however, with Mocap® on cucurbits (43,
159), which will probably severely
restrict its use in home gardens because
it is not practical to use several
nematicides to treat the same garden.
(b) Crop rotation.
Crop rotation
in home gardens is reduced to the
abandonment of sites when yields in
untreated gardens become unacceptably
low because of damage from nematodes
and other soilborne pathogens.
The
gardens then are relocated in new areas
by digging up lawns, flower beds, and
so forth.
The old site will remain
infested with nematodes for years.
Planting marigolds (Tagetes sp.) or
castor beans (Ricinus communis) to
reduce nematode populations (100) is not
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generally practiced because these plants
are not resistant to all nematodes,
because of climatic conditions,
or
because they interfere with the culture
of some vegetable species. Also, these
resistant plants are not resistant to
all nematode species present in gardens
and do not give the high-level nematode
control required.
Use on resistant
crops for rotation purposes requires at
least twice the space for producing home
garden vegetables.
(c) Varietal resistance.
Although
root-knot nematode-resistant tom.atoes
have been developed, these varieties are
not resistant to other plant-parasitic
nematode species. The great variety of
crop species found in each garden always
ensures the presence of susceptible
hosts for maintaining or increasing
populations of root-knot
or other
nematodes. Also, gardeners have great
difficulty in purchasing the few resistant varieties.
(d) Cultural practices.
The only
significant cultural practice to reduce
plant-parasitic nematodes would be the
addition of organic matter.
Certain
types of organic matter, when added
to sou, reduce populations of plantparasitic nematodes (107, 108). Effective rates are generally in the order
of 10 to 20 tons of organic matter per
acre, however, which would mean incorporation of between 2,000 and 4,000 lb
of organic matter per garden. This is
impractical for most home gardeners.
Older State and US DA publications recommend rotation of home garden sites
with chicken lots; this practice is not
compatible with current urban gardening
situations.
Conclusions
Without DBCP the homeowner will be
left with no effective nematicide to
treat his or her garden area, lawn, or
certain ornamental plants in the landscape.
Alternative fumigants usually
are unavailable in the small quantities
used by individual homeowners, and if
they were available, the waiting period
often would make their use impractical.

Gardeners will have great dlficulty
in finding retail sources to purchase
the now required protective clothing
and face mask to use DBCP.
Also,
gardeners wül have to be "certified"
to use DBCP.
Commercial Turf
Major Nematode Pests
Sting, awl, lance, ring, spiral,
false root-knot, St. Augustine grass
cyst, root-knot, lesion, stunt, dagger,
stubby-root,
sheath,
and sheathoid.
Three or more of these nematodes are
usually present together in turf.
In the South Atlantic and Gulf
Coast States sandy soils provide little
more than an anchor for plants. Under
these conditions plants cannot withstand
the stress of nematode damage. Add to
this the very severe nematode parasites
(sting, awl, lance, and stubby-root) and
turf grasses suffer severe damage. This
is especially true on heavily used golf
courses.
Without nematode control,
excessive amount of water and fertilizer
must be used to try to provide adequate
nutrients and moisture for plants with
almost no root system.
Also, the
weakened grass thins out, permitting
weed growth, and the grass is especially
subject to winter kill.
Herbicide use
is therefore increased.
Smart (160) reviewed research on
nematode control on turf.
Since that
time injection methods have been developed for turf (134).
By injection, the
effectiveness of DBCP has been enhanced
and the rate reduced from 86 lb a.i./
acre by drench to 24 to 36 lb a.i./acre
by injection.
Unpublished results in
Florida (Smart, Dickson) have shown that
Dasanit® and Nemacur® at 15 to 20 lb
a.i./acre are not as effective against
lance, ring, and other ectoparasitic
nematodes as is DBCP, especially for
control for more than 2 or 3 months.
While that may be sufficiently long for
annual crops, it is not long enough
for perennials such as turf.
These
contact
nematicides
would
require
two applications per year compared with

one application of DBCP every 1 to 2
years.
Application
Almost
all application
is
once
every 1 to 2 years and is by injection
with chisels, tines, or Nemajet® 3 to 6
inches into turf, followed by overhead
irrigation. (Nemajet uses high-pressure,
shielded, jet nozzles that inject DBCP
into turf without the use of chisels or
other soil-probing devices (50).)
Extent
of
use
Florida
U.S.**

Golf
course
acreage*
105,000
?

Annually
treated
acreage
13,500
54,000

Pounds
DBCP
applied
326,700
1,306,800

* The majority of the commercial turf
treated with DBCP is on golf courses;
therefore, other commercial turf, such
as
highway
rights-of-way,
schools,
motels, cemeteries, parks, and others,
are not considered.
** Data
not
available from
other
States. Our best guess is not more than
4 times the acreage treated in Florida
would be treated in the rest of the
United States.
Alternatives
On established
turf,
Dasanit®,
Mocap®, Nemacur®, and Sarolex® are
registered for use.
Sarolex® is no
longer available, and Dasanit® is not
used because of generally poor results.
Therefore, Mocap® and Nemacur® can be
considered as alternatives.
The costs
of these materials are such that golf
course superintendents uôe them only to
spot-treat greens and tees.
With both
materials, the initial effectiveness and
the duration of control are less than
those obtained with DBCP. V-C® 13 nematicide was the first organophosphate
registered for turf; its use is not
practical because of low effectiveness
and high rates and costs.
It is sometimes used for chinch-bug control only.
Comparative Costs
DBCP ~ $25 to $56
application cost.

per

acre +
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Nemacur® -- $85 to $140 per acre +
application cost.
Dasanit® ~ $85 to $140 per acre +
application cost.
Mocap® — $140 to $210 per acre +
application cost.
Risks
Because DBCP is applied by chisel
or jet nozzles, there is little risk to
the applicator.
By both methods the
applicator is moving away from the point
of injection and would not be exposed to
fumes. The busiest applicator would not
be actually applying DBCP more than an
average of about 4 hours per day over a
6-month period.
This would reduce
potential exposure much below levels
estimated by EPA.
Conclusions
DBCP is the only
controls most nematodes
than 2 or 3 months.
almost no control of the

nematicide that
on turf for more
Others provide
ring nematodes.

If DBCP is not available for use on
turf, more frequent applications of alternatives wül be necessary and at such
high costs that it would be impossible
to treat fairways on golf courses.
The
contact nematicides are not registered
for home turf use; Sarolex® is registered but is no longer available.

Alternatives
DD, 1,3-D, and EDB could be
substituted for DBCP for some preplant
nursery liner operations; these fumigants would not substitute for postplant
treatments. Dasanit®, Temik®, and Mocap® are registered for some ornamentals
as preplant and postplant commercial
treatments, but they are generally not
as effective and require more frequent
applications at
greater
cost;
these
nematicides are not registered for home
use. Vorlex®, Vapam®, chloropicrin, and
methyl bromide are wide-spectrum biocides, are extremely expensive, and are
suitable only for commercial use in
treating propagating beds and potting
soil.
Live steam, though costly, could
be used for the same purpose. Only large
producers can afford to invest in steamgenerating plants. V-C® 13 nematicide,
because of high dosage, low effectiveness, and cost, is never used commercially and is seldom used by homeowners.
Phorate, demeton, and oxamyl have few
registered uses, are not very effective
against nematodes, and are used mostly
for
their
insecticidal
properties.
Zinophos® is no longer available.
Crop
rotations and resistant varieties have
little application in production and
maintenance of ornamentals.
Extent of Use

Ornamentals
(Floral, Woody, and Foliage)
Major Nematode Pests
Almost all known parasitic species
of nematodes on a great variety of
ornamentals.
Application
DBCP is applied broadcast for some
ornamental nursery liner operations. It
is used as granules or as drenches for
certain rooting beds and for postplant treatment of woody and foliar
ornamentals and for treatment of floral
greenhouses (especially in California).
It is relied upon by homeowners for
treating ornamentals and floral sites
and for treating established ornamental
plantings.
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Data on extent of use of DBCP are
unavailable. Application dosages of the
various nematicides vary, depending on
species of ornamentals and method of
application.
It is impossible to establish average figures for this analysis.
Conclusions
The total ornamental industry would
not be greatly affected by the loss of
DBCP; however, some growers of specialty
ornamentals who depend on DBCP entirely,
would have production problems and would
suffer economic losses. Many interstate
regulations require that ornamentals be
free of nematodes. Homeowners will have
great difficulty in
growing
certain
ornamentals without DBCP, especially
in the South and Southwest.

PART 2.

ECONOMIC ASSESSMENT
INTRODUCTION

Scope and Approach
This report is
a
use-by-use
economic impact analysis of known
pesticidal uses of DBCP.
While it is
realized that DBCP has a wide variety of
uses, eight commodity impacts have been
analyzed in depth in this report« These
are peaches, citrus, vineyards, pineapples, soybeans, cotton, peanuts, and
vegetables. These eight commodity areas
were selected because they represent the
major use areas and the areas of major
potential economic impact.
Potential
impacts on commercial turf, ornamentals,
home gardens and lawns, tree nuts,
stone fruits other than peaches, and
other minor uses for specialized local
problems have also been analyzed,
although in less detail.
An analysis of the eight major
crops will be found at the end of the
individual crop commodity sections, and
a brief discussion of DBCP use and associated impacts for minor crops wül be
found in the last section of this report.
The RPAR notice against DBCP
suggests that the preliminary ancdysis
identify the major and minor uses
of the pesticide, estimate the quantities utilized, identify the registered
alternatives
and
their
availability,
determine the change in pesticide costs

associated with the use of alternatives,
and evaluate the regulatory impact upon
crop production and retail prices.
The general approach taken in
this analysis is to evaluate impacts of
shifting to alternatives at the user
level (for example, increased cost of
pest control to users) in affected areas
and then to project resulting impacts at
the commodity and consumer levels where
appropriate. Economic impacts on users
are considered by State/region, and at
the U.S. level. Impacts are estimated
on a per-unit and per-establishment
basis where possible, as well as in the
aggregate for a given geographic area.
Social/community effects, which are possible from pesticide cancellation where
there are economic dislocations or
changes in pest control technology, were
investigated in those areas where significant impacts were felt to be possible.
The time frame for analysis is
generally 3 years following possible
cancellation.
In almost all uses,
1974-76 base data were used to make
necessary projections based on available
data. Data on extent of pest problems
and pest control methods are exceedingly
sparse or nonexistent.
This necessitated a number of assumptions regarding
the potential total effects of canceling
DBCP for these sites.

GENERAL PRODUCTION AND USE PATTERNS
Production
DBCP is a soil fumigant for nematode control that is generally marketed
in
emulsifiable
and
nonemulsifiable
concentrations principally composed of
l,2-dibromo-3-chloropropane. DBCP was
first registered for use in 1964.
The Farm
Chemicals
Handbook
(Meister Publishing Company,
1977)

identifies three United States' basic
producers of DBCP: Dow Chemical Company, Occidental Chemical Company,
and Shell Chemical Company; Shell
International Chemical Company based
in Great Britain is also identified
as a basic producer of DBCP.
Production of DBCP was curtailed in
1977 by the three U.S.
producers.
Historical sales figures of DBCP are
unavailable.
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Quantities Used by Site
DBCP is used on a variety of agricultural crops including but not limited
to:
Almonds, berries, citrus fruits,
cotton, grapes, ornamentals (commercial), peaches, peanuts, pineapples.

plums, soybeans, and vegetables. It is
also used in home garden, lawn, and
ornamental pest control.
Almost 40
percent of the total DBCP used in 1977
was applied to soybeans. Estimates of
1977 DBCP applications are presented
by use in table 5.

Table 5.—Uses of DBCP and the estimated amount applied in
each market, 1977
Active ingredient
(thousand pounds)

Use category
Soybeans
Almonds
Vegetables
Vineyards
Peanuts
Cotton
Peaches
Citrus
Plums
Pineapples
Home useai^
Commercial nurseryj./
Berries
Totall/

12,378
3,417
3,392
3,200
3,195
2,700
1,823
1,292
452
302
200
200
107
32,658

Percent of total
1977 DBCP use
37.9
10.5
10.4
9.8
9.8
8.3
5.6
4.0
1.4
0.9
0.6
0.6
0.3
100.0

IJ Includes lawn, ornamental, and garden uses by households.
21 Includes turf and ornamental.
_3/ Total use identified.
Source: EPA/USDA estimates.

ECONOMIC ANALYSIS OF DBCP USE ON PEACHES
Methodology and Assumptions
This report is an analysis of the
expected economic impact that would
result from a cancellation of DBCP for
use in peach orchards. The analysis was
developed under the following assumptions and limitations:
(a) The analysis
economic effects of the
ability of DBCP versus
cancellation
of
all
registrations.

compared the
complete availthe immediate
DBCP
peach

(b) Statistical data are generally
not available regarding the number
of acres treated with DBCP or the
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quantities of DBCP applied on either
an annual or a treatment-cycle basis.
In the absence of such data, estimates of use levels provided by the
assessment team and other resource
personnel represent the best available
information
and
are
used
accordingly.
(c) Some information is available
that indicates that the use of DBCP
results in improvement of the grade as
well as of the quantity of fruit produced in treated relative to untreated
orchards.
Owing to the difficulties
involved in predicting the incidence
of grade improvement, this aspect is
not addressed in this analysis.

(d) Production practices and yields
vary by regions, by States, within
States, and from one year to the next.
To simplify the analysis, composite
orchard situations have been developed
that consider three peach categories:
(1) Eastern fresh; (2) California fresh;
and (3) California process.

(table 6).
About 89,700 total bearing
acres (44.0 pet of U.S.) are protected
with DBCP at a given point in time. In
general,
eastern orchards receiving
postplant DBCP applications are treated
every other year, whereas in California
orchards are treated every third year on
a post plant basis.

(e) Information concerning DBCP
use on California peach orchards provided estimates of use on affected acres
by market utilization category (fresh,
process).
The analysis assumes that
the affected production in the eastern
States would be intended for freshmarket utilization.

In the East, DBCP applications are
generally applied by sou injection.
The injection mechanism consists of a
tractor-drawn chisel applicator that
injects the material at a depth of about
5 inches. A roller bar or metal plate
is frequently pulled behind the injection shanks to help seal the sou
surface and therefore minimize volatilization of the chemical.
The normal
application rate is 7 gallons DBCP
(12.1 lb a.i./gal) per acre.A^

(f) Prices used in the analysis for
fresh and process peaches are based upon
3-year averages.
(g) Eastern peach impacts are based
upon a representative South Carolina
peach orchard situation with and without
nematode control.
California impacts
are based upon typical orchard yields
with DBCP and with moderate nematode
infestations.
(h) The analysis assumes that no
postplant registrations for new or
existing nematicides will be obtained
during the time period considered in
the analysis.
(i) The analysis is limited to a
3-year time horizon following the DBCP
regulatory action.
(j) The analysis assumes that an
equal number of acres (one-third of
those currently treated with DBCP)
WÜ1 receive applications using one of
the three major alternative nematicides
(EDB, D-D®, and Telone®) for preplant
nematode control.

In California, the standard DBCP
application technique is in irrigation
water.
DBCP is dripped into irrigation water at a point of turbulence
or it is mixed with a portion of the
water volume in a centrifugal pump and
introduced to the main water volume as
an emulsion. From 3.5 to 5 gallons of
DBCP (12.1 lb a.i./gal) are applied
per surface acre (92).
Although the most important use of
DBCP in peach culture is for nematode
control in established orchards, the
material is also used preplant (prior to
the time the trees are set). Data provided by the assessment team indicate
that almost half of all new peach
plantings in the eastern States and
California
are
treated
with
DBCP
(table 7).
Virtually all new peach
plantings in areas subject to nematode
infestation are treated with one of the
available nematicides.

Area of Use and
Current Use Practices
DBCP is applied to peach orchards
for nematode control in California and
numerous eastern States.
Currently,
approximately 33,900 acres of peach
orchards are treated with DBCP per year

j4/ Since only one-third to one-half
of the acreage is treated (213), the
actual application rate ranges from 2.3
to 3.5 gallons DBCP (12.1 lb/gal) per
acre.
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Table 6.—Postplant use of DBCP on peach orchards, as estimated for 1977

CO

te

Use region

Acres
treated
per
year J./

Acres
treated
per
cycle 2./

Total
bearing
acres A^

Percent
treated
with
DBCPi.^

Application
rate per
acre A'

Quantity
DBCP
applied
per year ^'

Quantity DBCP
applied per
cycle 6./

Pounds active ingredient
106,400

East

12,000

24,000

California :
Fresh crop
Processing crop
All California

12,000
9,900
21,900

36,000
29,700
65,700

72,720

United States

33,900

89,700

204,000

22.6

36.3

436,000

871,000

—
—

90.3

48.4
48.4
48.4

581,000
479,000
1,060,000

1,742,000
1,437,000
3,180,000

44.0

—

1,496,000

y The DBCP assessment team reported that 25,550 acres in the eastern States are treated with DBCP. The
every-other-year treatment pattern in the East would indicate that 12,775 acres are treated annually. This use
figure was reduced somewhat, based on confidential data that indicate a lower level of DBCP use in the East.
California use estimates based on acreage data provided by Extension personnel (94) and on an assumption by
the analyst that treatments are typically applied every third year.
2^/ Eastern orchards are generally treated every other year. In California, peach orchards are most frequently
treated every third year.
_3/ Sources: East, U.S.—Doane (53) 1976. California—(26). Bearing acres in eastern States and the United
States calculated using Doane figure for total acres grown and assuming that 80 percent of all acreage is of
bearing age.
_4/ Calculated by dividing acres treated per cycle by total bearing acres.
^/ In the East, an application rate of 7 gallons DBCP (12.1 lb a.i./gal) per acre is typical; from 1/3 to 1/2
of the actual area is treated (217). This indicates an actual rate ranging from 2.3 to 3.5 gallons or 27.8 to
42.4 pounds a.i. per acre. In California, DBCP (12.1 lb a.i/gal) is applied at rates ranging from 3.5 to 5
gallons (42.4 to 60.5 lb a.i.) per surface acre (92).
The application rates used here are assumed by the
analyst to represent reasonable averages.
6^/ Quantities used per year and per cycle represent product of application rate per acre times acres treated
per year and per cycle, respectively.

Table 7.—Preplan! use of DBCP in peach orchards

Use area

Acres
planted
per
year ±'

Easti^
California
Other If
Total

13,445
4,121
1,545
19,111

Acres
Acres
preplant- preplant-treated
treated
with DBCP
with DBCP
as percent of
per yeari.'
acres planted
6,225
2,000
100
8,325

46.3
48.5
6.5
43.6

Quantity of
DBCP
Application
used
rate per
per year
acre 1/ (1,000 lb a.i.)l/
36.3
48.4
36.3

226
97
4
327

y As reported by the DBCP assessment team (217).
V In the East, an application rate of 7 gallons DBCP (12.1 lb a.i./gal) per acre
is typical; from 1/3 to 1/2 of the actual area is treated (217).
This indicates an
actual rate ranging from 2.3 to 3.5 gallons or 27.8 to 42.4 pounds a.i. per acre. In
California, DBCP (12.1 lb a.i./gal) is applied at rates ranging from 3.5 to 5 gallons
(42.4 to 60.5 lb a.i.) per acre (92). The application rates used here are assumed by
the analyst to represent reasonable averages. DBCP use in "other" States is confined
to Arkansas and Ohio. Production practices in these States indicate that the eastern
application rate would also apply for these States (analyst's assumption).
3^/ Represents product of acres preplant-treated with DBCP per year times
application rate per acre. Rounded to nearest thousand pounds.
j[/ Includes the following States: Conn., Del., Fla., Ga., Ky., Md., Mass., Miss.,
N.C., N.J., N.Y., Pa., S.C, Vt.
^/ Includes the following States:
Ark., Colo., Idaho, 111., Ind., La., Ohio,
Okla., Oreg., Wash.

Current DBCP Use

Alternatives to DBCP

Approximately 1,496,000 pounds of
DBCP active ingredient are applied to
peach orchards per year for postplant
nematode control (table 6).
In the
East, about 871,000 pounds of DBCP
a.i. are used over the 2-year postplant
treatment cycle. In California, approximately 3,180,000 pounds of DBCP are
applied over the 3-year postplant treatment cycle.

At present, DBCP is the sole registered nematicide for postplant treatment of nematodes in peach orchards.
Several
alternative
nematicides
are
registered
for
preplant
nematode
control, including EDB, Vorlex®, D-D®,
Telone®, methyl bromide, Zinophos®, and
chloropicrin.
Of these materials, the
most viable preplant alternatives to
DBCP are EDB, D-D®, and Telone®.

Approximately 327,000 pounds of
DBCP active ingredient are used annually
for preplant nematode control in new
orchard plantings (both new and old
sites). About 44 percent of the acreage
planted per year is treated with DBCP
(table 7). Total annual use of DBCP in
peach orchards (preplant and postplant)
approximates 1,823,000 pounds active
ingredient per year.

At current prices, the increased
cost of treatment with alternative nematicides (material only) compared with
DBCP ranges from $34.50 to $116.00
per acre (table 8).
User Impacts
Discussions with research and extension personnel indicate that since
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Table 8.—Projected change in preplant nematode control cost for new peach
orchard plantings IJ

Nematicide
DBCP

Application
rate per
acre l!
Gallons
6

Alternatives:
EDB
15
D-D®
50
Telone®
40
—
Total
Change in control
costs per acre.

Cost per
gallon 21

Material
cost per
acre

Acres
Material
treated
cost per
acre
per acre U

$8.00

$48.00

8,325

$400,000

5.50
2.80
4.10
—

82.50
140.00
164.00
—

2,775
2,775
2,775
8.325

229,000
389,000
455,000
1,073,000
+$673,000

IJ Application rate reported in "Peach disease and insect control in North
Carolina" (126).
2^1 Material costs specified by the DBCP assessment team.
3^/ Acres treated with the alternatives assume an equal distribution on the
acreage previously treated with DBCP.
the introduction of DBCP, the rate
of new plantings has increased due to
expectations of greater tree longevity
and increased peach production.
The
cancellation of DBCP
would
almost
certainly reduce this trend.
With DBCP for nematode control,
the life for eastern peach orchards is
estimated at 6 to 7 years and for
California orchards at 10 years (217).
With DBCP treatment,
orchard life
can be extended to an average of 12
to 13 years for eastern orchards and to
20 years in California.
The cancellation of DBCP for use
on peach orchards would have immediate
cost impacts (higher costs for preplant
alternative nematicides) and would lead
to major reductions in peach production on the nematode-affected acreage
in future years.
To evaluate these
expected revenue losses, it is necessary to express each year's loss in
terms of its value as of a base year.
This was accomplished by discounting
the estimated future revenue losses back
to a present value for 1977 using a rate
of seven percent. This is a reasonable
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analytical procedure because a $1.00
loss in 1978 or any future year is worth
less to a grower than a $1.00 loss in
1977.
A 3-year time horizon was used in
evaluating the economic impact of a DBCP
regulatory action on peach growers.
This was done because California peach
orchards are on a 3-year DBCP treatment
cycle and the full impact of a DBCP
cancellation would not be realized until
that time.
The present value of expected
revenue losses due to reduced peach
production in the third year after a
DBCP cancellation was estimated at
$39.6 mülion—-$19.0 million in eastern
peach orchards and $20.6 million in
California (table 9).
Losses were
estimated
to be
$11.9
million
the
first year after a cancellation and
increased to $27.4 mülion in the second
year.
In
addition
to
these
revenue
losses, growers would have increased
preplant treatment costs for the alternative nematicides used to replace

Table 9.—Projected changes in peach production and grower revenues under ceteris paribus conditions, 3-year
period following cancellation of DBCP
Year
after
DBCP
cancellation

Impact area

Reduction
in
production i^l

Price
P®'' n/

ton 2/

Tons

Dollars

Value
of
reduced
production

Cost
of
DBCP
treatments U
.

1
nnn
1,UUU

Decrease
in
grower
returns J./

Present
value
of
decreased
returns A^

uoiiars

1

Eastern-fresh
California-fresh
Californiaprocessing.

22,560
13,060
33,825

308
155
147

6,948
2,024
4,927

528
384
317

6,420
1,640
4,655
12,715

6,000
1,533
4,351
11,884

2

Eastern-fresh
California-fresh
Californiaprocessing.

54,960
29,200
75,900

308
155
147

16,928
4,526
11,157

528
384
317

16,400
4,142
10,840
31,382

14,324
3,618
9,468
27,410

3

Eastern-fresh
California-fresh
Californiaprocessing.

77,280
47,720
126,225

308
155
147

23,802
7,397
18,555

528
384
317

23,274
7,013
18,238
48,525

18.999
5,725
14,888
39,612

IJ Production impacts as derived in tables 11, 12, and 13.
2_l Prices are a 3-year average.
The average prices are based on the following:
Eastern fresh - South
Carolina fresh peaches; California fresh - freestone peaches; and California processing - clingstone peaches
(213).
J^/ Treatment costs are as follows: East - 3 gal DBCP per acre x $8 per gal = $24 + $20 application cost
(estimated) per acre = $44 per acre. California - 4 gal DBCP per acre x $8 per gal = $32 per acre treatment
cost (no application cost since DBCP is applied via irrigation water).
_4/ Represents difference between reduction in grower revenues and savings in DBCP material and application
costs that are eliminated with cancellation.
5/ Decreased revenue discounted at a 7-percent rate.
00

DBCP in new peach plantings (table 8).
By using a 7-percent discount rate,
the present value of these increased
preplant treatment costs is estimated
as follows:
Present value
of a DBCP cancellation
End
of
year

Reduced
revenue

Increased
treatment
cost

Total
impact

1

$11,884,000

$629,000

$12,513,000

2

27,410,000

588,000

27,998,000

3

39,612,000

549,000

40,161,000

Adding these increased preplant
treatment costs to the expected revenue
losses (table 9) would result in a total
impact on peach growers of $12.5 million, $28.0 mülion, and $40.2 million at
the end of the first, second, and third
year follov/ing a DBCP cancellation.
These estimated economic impacts
represent the maximum dollar losses
growers might be expected to incur given
the assumptions used in this study.

In practice, the projected crop losses
would probably lead to higher grower
prices,
thereby
partially ' offsetting
revenue losses incurred by DBCP users
due to reduced peach output. The grower
level price elasticity of demand for
processed peaches has been estimated at
-0.48 (67). The first year after a DBCP
cancellation, it was estimated that the
process peach production in California
would decline 33,825 tons (table 10).
This is about 4.2 percent of the 3-year
average production of process peaches of
809,000 tons. Therefore, the farm level
price for process peaches might rise by
10 percent (4.2 percent -f 48) the first
year after a DBCP cancellation.
It is estimated that fresh peach
production would decline by 35,620 tons
the first year after a DBCP cancellation
(table 10). This is about 6.7 percent
of the 3-year average fresh peach production of 532,000 tons.
There is no
published grower level price elasticity
of demand for fresh peaches, but if
the price elasticity for fresh apples
(-0.68) is used as a proxy, the price
for fresh peaches at the grower level
would increase about 10 percent the
first year after a DBCP cancellation.

Table 10.—Projected change in U.S. fresh and process peach production for 3 years
following cancellation of DBCP
Market and year

Production loss
in tons V

U.S. productionil/

Percent decrease
in production

Process peaches:
Year 1
Year 2
Year 3

33,825
75,900
126,225

808,967
808,967
808,967

4.2
9.4
15.6

Fresh peaches:
Year 1
Year 2
Year 3

35,620
84,160
125,000

532,267
532,267
532,267

6.7
15.8
23.5

j_/ Taken from tables 11, 12, and 13. Fresh peaches include California freshland
eastern peaches. The eastern peach production losses reported in bushels in table 11
were converted to tons using the 48-pound bushel from USDA, "Agricultural Statistics,
1977," p. vi. (210).
21 Figures represent 3-year averages for fresh and processed utilization.
"Noncitrus Fruits and Nuts: 1976 Annual Summary" (213).
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Table 11.—Projected reduction in production of eastern peaches, 3-year period following cancellation of DBCP
Orchard
age

Yield per acre -iIT
With Without
Decrease
DBCP DBCP without DBCP

Year 1^'
Year 2I'
Affected Production Affected Production
acres
loss
acres
loss

Bushels-

Bushels

1
2

0
50

0
48

0
2

3
4
5
6
7
8
9
10
11

160
210
315
315
420
420
420
420
420

120
200
300
300
250
200
175
150
150

40
10
15
15
170
220
245
270
270

""*"

"—

Bushels
——

:

2,,000
2,,000
2.,000
2,,000
2.,000
2,,000
12,,000

80,,000
20,,000
30,,000
30,,000
340,,000
440,,000
940,,000

Year sl'
Affected Production
acres
loss

2,,000
4,,000
4,,000
4,,000
4,,000
4,,000
2,,000
24,,000

80,,000
40,,000
60,,000
60,,000
680,,000
880,,000
490,,000
2,290,,000

Bushels
—

-—

—

-—

2,,000
4,,000
4,,000
4.,000
4,,000
4.,000
2.,000
24,,000

20,,000
60,,000
60,,000
680,,000
880,,000
980,,000
540.,000
3,220,,000

y Yield with DBCP follows pattern developed for typical South Carolina Ridge area peach orchard. Source
(226). Yields without DBCP estimated by the DBCP assessment team.
2^/ DBCP-treated acres (acres affected by cancellation) reach maximum in second year after cancellation due to
the every-other-year treatment schedule followed in the East. Equal distribution of acres treated by orchard
age represents an assumption by the analyst. At cancellation, 24,000 acres of peaches are protected. In the
first year after cancellation, one-half (12,000 acres) of these acres would begin to lose production.
By the
second year after cancellation, all of the 24,000 acres would be losing production.

00
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Table 12.—Projected reduction in production of California fresh peaches, 3-year period following cancellation
of DBCP

Orchard
age

tree J_/

Yield per
With
Without
DBCP
DBCP

Yield decrease
without DBCP
Per acre
Per
tree (108 trees)

22- -pound lugs1
2
3
4
5
6
7
8
9
10
11

0
0
1.5
4.5
7.5
10.0
13.5
13.5
13.5
13.5
13.5

0
0
1.3
4.0
6.7
9.0
12.0
12.0
12.0
12.0
12.0

Year ill
Affected Production
acres
loss

Tons
0
0
0.2
0.5
0.8
1.0
1.5
1.5
1.5
1.5
1.5

0
0
0.24
0.59
0.95
1.19
1.78
1.78
1.78
1.78
1.78

Year 2-i'
Affected Production
acres
loss

2,000
2,000
2.000
2,000
2,000
2,000
12,000

—
—

480
1,180
1,900
2,380
3,560
3,560
13,060

Tons

Tons

Tons
—
—

Year 31/
Affected Production
loss
acres

—
—

2,000
4,000
4,000
4,000
4,000
4,000
2,000
24,000

—
—

480
2,360
3,800
4,760
7,120
7,120
3,560
29,200

—
—

2,000
4,000
6,000
6,000
6,000
6,000
4,000
2,000
36,000

—
—

480
2,360
5,700
7,140
10,680
10,680
7,120
3,560
47,720

\_l Yields with and without DBCP developed by Johnson and others, 1977 (94). Yields without DBCP typical
for "moderate" infestations.
2_l Acres affected by DBCP cancellation reach the maximum in year 3 due to every-third-year treatment schedule
followed in California for moderate infestations. Equal distribution of acres treated by orchard age represents
an assumption by the analyst. At cancellation, 36,000 acres of peaches are protected. In the first year after
cancellation, one-third (12,000 acres) of these acres would begin to lose production.
In the second year
another 12,000 acres would begin losing production, and by the third year after cancellation, all 36,000 acres
would be losing production.

Table 13.—Projected reduction in production of California process peaches, 3-year period following cancellation
of DBCP
Orchard
age

With
DBCP

1/
Yield per acre j.
Without
Decrease
DBCP without DBCP
1 uns—

1
2
3
4
5
6
7
8
9
10
11

0
0
2.5
6.0
13.0
18.5
18.5
18.5
18.5
18.5
18.5

0
0
2.5
6.0
9.0
12.0
13.5
13.5
13.5
13.5
13.5

Year 11^
Affected Production
loss
acres
Tons

~*

0
0
0
0
4.0
6.5
5.0
5.0
5.0
5.0
5.0

2/
Year 2 A
Affected Production
acres
loss

0
0
1,650
1,650
1,650
1,650
1,650
1,650
9,900

—

6,600
10,725
8,250
8,250
33,825

Affected
acres

Tons
—

0
0

Year 31^

1,650
3,300
3,300
3,300
3,300
3,300
1,650
19,800

—

Tons
—

0
0
13,200
21,450
16,500
16,500
8,250
75,900

Production
loss

1,650
3,300
4,950
4,950
4,950
4,950
3,300
1,650
29,700

—

0
0
19,800
32,175
24,750
24,750
16,500
8,250
126,225

y Yields with and without DBCP developed by Johnson and others, 1977 (94). Yields without DBCP typical for
"moderate" infestations.
2^/ Acres affected by DBCP cancellation reach a maximum in year 3 due to every-third-year treatment schedule
followed in California for moderate infestations. Equal distribution of acres treated by orchard age represents
an assumption by the analyst. At cancellation, 29,700 acres of peaches are protected. In the first year after
cancellation, one-third (9,900 acres) of these acres would begin to lose production. In the second year another
9,900 acres would begin losing production, and by the third year after cancellation, all 29,700 acres would be
losing production.
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By the third year after a DBCP
cancellation, the decrease in production
was estimated at 23.5 percent for fresh
peaches and 15.6 percent for process
peaches. By using the price elasticity
of -0.68 (apples) for fresh peaches and
-0.48 for process peaches, grower level
prices might increase by 34.6 percent
for fresh peaches and 32.5 percent for
process peaches.
The foregoing calculations were
based on the assumption that fruit
production and marketing practices did
not change.
In practice, as the price
of peaches increases there wül be competition from other fruits, which will
temper the price increase. In addition,
there would probably be some diversion
of process peaches to the fresh market.
Processors would probably cull less
severely and growers would do a more
complete job of harvesting.
All of
these actions would tend to lessen any
price increase caused by reduced peach
output without DBCP for nematode
control.
In the longer term, growers of
peaches and other competing fruits would
increase production by additional plantings.
Also, peach production would
shift to land not having severe nematode
problems.
Eventually, a new market
price equilibrium would be reached, but
undoubtedly peach prices would be higher
than they are now.
Consumer Impacts
It is likely that the reductions in
fresh and process peach production
projected in this analysis would lead
to significantly higher retail prices
for fresh peaches and processed peach
products (canned peaches, preserves,
and so forth).
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The retail price ei sticity of
demand for processed peaches has been
estimated at -0.76 (67). The first year
after a DBCP cancellation, it was estimated that process peach production in
California would decline 33,825 tons
(table 10). This is about 4.2 percent
of the 3-year average production of
processed peaches. Assuming no other
changes in the peach market, retail
prices for processed peaches could rise
by 5.5 percent.
It was estimated that fresh peach
production would decline by 35,620 tons
the first year after a DBCP cancellation
(table 10). This represents about 6.7
percent of the fresh peach production.
There was no retail level price elasticity of demand available for fresh
peaches.
If the retail elasticity of
demand for fresh apples, -0.72 (67),
is used as a proxy for fresh peaches,
prices could be expected to rise by
about 9.3 percent the first year after
a DBCP cancellation.
By the third year after a DBCP
cancellation, the decrease in production
was estimated at 15.6 percent for process peaches and 23.5 percent for fresh
peaches.
By using the retail price
elasticity of demand discussed above,
prices may increase by about 20.5 percent for process peaches and 32.6
percent for fresh peaches.
It is likely that other market
adjustments would take place to reduce
somewhat any price increase. The market adjustments would include producer
actions
discussed
previously
and
consumer actions of accepting lower
quality peaches and substituting other
fruits to a greater degree than would
normally occur with small changes in
peach prices.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PEACH ORCHARDS
A.

USE:

DBCP use on peach orchards.

B.

MAJOR PESTS CONTROLLED:

Nematodes (ring, root-knot, dagger, lesion)

C.

ALTERNATIVES:

D.

Major registered chemicals:

Prep Iant: D-D«, EDB, Te I one«.
Postplant: No registered altehnatlves.

State recommendations:

Several prep I ant alternatives are widely recommended.
sole recommended postplant nematlclde.

Nonchemlcal controls;

No effective
avallable.

Efficacy of alternatives:

Satisfactory prep I ant alternatives are available.
plant alternatives.

Conclusions:

DBCP Is the sole effective material available for nematode control In
established peach orchards.
Preplant alternatives are widely used.
Cancellation of DBCP will result In reduced peach production as
out IIned below.

controls

(biological

or

Is the

cultural)

are

No registered post-

EXTENT OF USE:
Quantities appiled
and units treated:

Preplant:

Acres prep I anttreated with
DBCP per year

Area
East
CalIfornia
Other States
Total
Postplant:

%m—

Area

12,000

CalIfornia:
Fresh crop
Processing
crop.
Al I Calif.
Total

DBCP-treated acres as
percent of total acres
planted per year

46.3

2,000
100

Acres
treated
per year

rsit

E.

nonchemlcal

DBCP

12,000
9,900

48.5
6.5
43.6

Quantity appIled
per year
(lb a.I.)
226,000
97,000
4,000

32^000

Percent
Acres
Quantity DBCP
bearing acres
appIled (lb a.I.)
treated
per cycle*
treated
per year per cycle*
—7Z::E
24;OÔÔ
456;ôC)0
Ô71,ÔÔÔ
561,000
479,000

1,742,000
1,437,000

1,060,000
1,496,000
* Two-year cycle In East; 3-year cycle In California.

3,180,000

21,900
33,900

36,000
29,700
65,700
89,700

90.3
44.0

ECONOMIC IMPACTS:
User:

Short term
Because 5BCP IS applied to California peach orchards on a 3-year
treatment cycle, the cancellation effects would be realized at about
the end of the third year after cancellation. The following production
and revenue effects are projected:
Impact
Year after
area
cancel 1 at 1 on
East-fresh
1
Cal I f.-fresh
Cal If.-process
Total
2
East-fresh
Cal If.-fresh
Cal I f.-process
Total
East-fresh
3
Cal If.-fresh
Cal I f.-process
Total

Present va Iue of
revenue reduction

Increased preplant
treatment costs

Total
Impact

Cumulative
Impact

$6,Ö0Ö,ÖÖÖ
1,533,000
4,351,000
$II'ôô4;ôôO
$14,324,000
3,618,000
9,468,000

$27,41Ö,ÖÖÖ

$629,000

$12,513,000

$12,513,000

$588,000

$27,998,000

$40,511,000

$549,000

$40,161,000

$80,672,000

$18,999,000
5,725,000
14,888,000

$5$ 612,ÖÖÖ

These Impacts represent a worst case situation, since the projected
crop losses would lead to higher market prices, thereby offsetting to
some extent the revenue Impacts Incurred by DBCP users due to crop
reductions on their affected acreages.
Nonusers would experience
revenue gains due to higher market prices.
It Is also reasonable
to assume that higher market prices would stimulate new planting and
Intensified production practices on existing acreage.
These factors
would reduce the overall Industry Impacts projected In this analysis,
although affected acreage would be seriously Impacted.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PEACH ORCHARDS (continued)
E.

ECONOMIC IMPACTS:
User;

(continued)

(continued)
Long term
Discussions with State extension personnel
Indicate that, since
Introduction of DBCP, the rate of new planting has increased
significantly due to greater longevity and production expectations«
The cancellation of DBCP would almost certainly reduce this trend;
however, data limitations prohibit the development of reliable
long-term economic projections.
DBCP has not been in widespread use
long enough to estimate the Impact of cancel IatIon during a long-term
time frame. It appears reasonable to assume, however, that without an
effective postplant nematlclde, the average life of eastern peach
orchards will be reduced from 12 to 13 years to 6 to 7 years and the
average life of California peach orchards wiI I be reduced from 20 to 10
years. Orchard areas subject to recurring I y high nematode populations
will probably revert to alternative uses of lower profitability; for
example, annual row or field crops or pasture. New peach land will be
developed to the extent that sites are available and such use Is
economically justified. Peach producers In areas not affected by the
loss of DBCP will experience increased returns due to production losses
in affected areas.
Higher returns will almost certainly stimulate
intensified production practices on new and existing acreage and
Increase new plantings In unaffected areas. Both effects will tend to
offset the effects of production losses in affected areas; however,
affected growers will be adversely impacted, and related Industries
(such as peach processors) In the affected areas wiI 11 be adversely
affected to the extent that production shifts to other areas.
The
development of a new nematlclde or registration of an existing
nematlclde for postplant use (of adequate efficacy) would also reduce
or eliminate the projected economic Impacts of a DBCP cancellation.

Markett consumer;

Short term
The fresh peach production level Is projected to decline by about
one-fourth and the process peach production level by one-sixth by the
end of the third year after cancellation.
It is likely that these
reductions would lead to higher retail prices for peaches and peach
products. Specific price responses cannot be evaluated given current
limitations In data although any peach price Impacts would not
significantly affect consumer food expenditures.
Long term
HIgher grower returns for peaches may stimulate production In ether
areas, thereby returning output and retail prices to "normal" levels.

F.
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METHOD OF APPLICATION:

DBCP Is applied to peach orchards for prep I ant and postplant nematode
control.
Eastern orchards are treated every other year, whereas
California orchards are treated every third year. DBCP applications in
the East are soil Injection with a tractor-drawn chisel applicator.
In California, the standard application technique Is In irrigation
water.

ECONOMIC ANALYSIS OF DBCP USE ON CITRUS

Methodology and Assumptions
This report is an analysis of the
economic benefit obtained from the use
of DBCP (1,2-dibromo-3-chloropropane)
for nematode control in citrus groves.
The analysis relies to a great extent
upon information developed by members of
the DBCP pesticide impact assessment
team and other sources, including industry representatives and State research
and extension nematologists.
The following is a listing of assumptions used
in the development of the analysis:
(a) Hard data are generally not
avaüable concerning the number of acres
treated with DBCP or the quantities of
DBCP applied. In the absence of such
data, estimates of use levels provided
by experts in the field represent the
best available information and are
used accordingly; however, a survey of
pesticide use in citrus production is
underway. The results of this survey
should strengthen the data base.
(b) The analysis compared the economic impact of complete availability of
DBCP versus the immediate cancellation
of all DBCP citrus registrations.
(c) The analysis is based on the
assumption that DBCP use on citrus is
limited to postplant nematode control
treatments since suitable alternatives
are available and used for preplant
treatment.
(d) The analysis assumes that a
given level of yield impact wül occur
on all citrus acres treated with DBCP if
the material is no longer available.
Yield impacts for the various
States were developed by the research
and extension nematologists (plant pathologist s ) referred to in this report.
(e) Although the loss of DBCP would
have effects other than immediate yield
impacts, the effect upon tree longevity
is not specifically addressed in this
analysis.
It is recognized that citrus

trees subject to nematode damage are
ordinarily not Ruled outright, but are
debilitated over a period of years.
Trees are then pushed out and the grove
is replanted when yields fall below an
acceptable level.
The inherent difficulty involved in forecasting the nature
and extent of such a longevity impact
due to the cancellation of DBCP (particularly given the variability in production practices in the citrus areas)
prohibits the inclusion of this aspect
of the citrus nematode problem in the
analysis.
(f) Numerous DBCP field studies on
citrus have shown that the use of this
material leads to an improvement in the
grade of fruit produced by treated trees
relative to untreated trees. The degree
of grade improvement varies by citrus
variety, by State or intrastate region,
and from year to year.
Owing to the
difficulties involved in forecasting a
predicted incidence of grade improvement, this aspect (benefit) derived from
the use of DBCP is not specifically
addressed in this analysis.
(g) Citrus prices used in this analysis represent 3-year average values for
equivalent packinghouse-door returns.
(h) DBCP use on specific citrus
types is assumed to be proportional
to the bearing acreage of each type
for Arizona, California, and Texas. For
Florida, the distribution of the DBCPtreated acres by citrus type was estimated by the assessment team.
(i) The analysis is limited to a 3year time horizon.
Area of Use and
Current Use Practices
The citrus nematode, Tylenchulus
semipenetrans
Cobb,
infests
citrus
groves in all of the citrus-producing
States (Arizona, California, Florida,
and Texas). The citrus nematode infests
53 percent of Florida citrus groves and
is also widespread in California, where
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approximately 65 percent of the bearing
citrus trees are infested (9, 129, 140).
From 80 to 90 percent of the Texas citrus acreage and approximately 50 percent
of all citrus in Arizona is infested
with this pest (77).
As indicated in
table 14, a total of approximately
680,000 acres of citrus crops, equivalent to 57.3 percent of the U.S.
acreage, is infested with and subject to
damage by the citrus nematode.
Although over half of all domestic
citrus is infested by the citrus nematode, relatively few acres are treated
with DBCP. There appear to be two main
reasons for this: (1) Growers frequently do - not associate poor tree
vitality with nematode damage (attributing the problem instead to a need
for water or fertilizer or damage
caused by insects, mites, or diseases);
(2) growers in many areas are not fully
aware of the benefits derived from
nematode control with DBCP, or they do
not feel that the infestation levels in
their groves are high enough to warrant
control treatments (127).
DBCP is applied to established
citrus once every 3 years by two general
methods—irrigation and soil injection
(chisel).
Specific irrigation techniques
include flood, sprinkler, basin, furrow,
trickle, and ground pipe.

In Arizona and Texas, DBCP is
applied solely by irrigation methods
(primarily flood, furrow, and basin).
Florida growers using DBCP utilize the
soil injection technique on 90 percent
of the treated acreage and ground pipe
irrigation on the remaining 10 percent
(127).
In California, soil injection
and furrow irrigation are the dominant
application methods.
Estimates of the
percentage of treated acres receiving
furrow irrigation applications of DBCP
range from 50 to 90 percent, with the
remainder in each case applied via sou
injection (8, 91, 140).
Soil injection is the preferred
method of DBCP application (from an
efficacy
standpoint)
due
primarily
to decreased volatilization (relative to
irrigation).
It should be noted,
however, that soil injection in some
areas
is
extremely
difficult
or
impossible to perform because of the
terrain,
the cultural practices,
or
both (for example, due to spacing and
size of irrigation ditches).
In these
areas,
irrigation
application
is
a
necessity. DBCP applied by sou injection is often watered-in via irrigation
to improve dispersal in the soil.
From a cost standpoint, growers
usually prefer the irrigation application techniques because of the ease of

Table 14.—Citrus acres infested by the citrus nematode, by State
and total United States, estimated for 1977
state
Arizona
California
Florida
Texas
Total United States

Bearing acres 1/ Infested acresJ.^
61,200
266.391
796,200
64,100
1,187,891

30,600
173,154
421,986
54,485
680,225

Percent
50
65
53
85
57

y Acreage data reported in the Florida 1976 Citrus Summary
(63); California data updated according to the 1976 California
Fruit and Nut Acreage report (26).
2_l Calculated using "percent infested" data supplied by:
O'Bannon and Tarjan, 1973 (129); Baines and Small, 1969 (9);
Radewald, 1977 (140); and Heald, 1977 (77).
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application and the reduced cost (less
labor and machinery required) relative
to soil injection.
Irrigation application also avoids the mechanical root
damage that occasionally occurs when
DBCP is applied by injection, especially
in orchards with large trees that have
extensive root systems.
Current DBCP Use
Currently,
approximately 31,200
acres of citrus are treated annually
with DBCP in the four major citrus
States, representing 2.6 percent of the
U.S. citrus acreage (table 15). Approximately 1,292,000 pounds of DBCP are
used on citrus crops annually (table
15).
Since DBCP is applied to citrus
groves only once every 3 years, these
estimates must be multiplied by three
to indicate the quantities and acres
involved in the total citrus nematode
control program.
The total acreage
subject to DBCP treatment approximates
93,600 acres of citrus, with 3,877,000
pounds of DBCP applied per treatment
cycle.
Table 15.—DBCP

use on

citrus,

Acres
treated
in 3-year
P^'^ 9/
cycle
year ±]

The importance of use of DBCP
with regard to citrus concerns nematode
control on living (established) trees.
Because none of the available preplant
materials completely eliminates nematodes, the populations build up and
reach economically damaging levels within 3 to 4 years.
DBCP must then be
used on a 3-year schedule to maintain
tree vigor and production (91).
To summarize, although DBCP is
EPA-registered for both preplant and
postplant control of nematodes in citrus, suitable alternatives (D-D® and
Telone®) are available for preplant
nematode control. Table 16 summarizes
the State recommendations for citrus
nematode control.
There are no registered postplant
alternatives to DBCP for control of
citrus nematodes.
DBCP is the only
nematicide registered by EPA that can be
used to control this pest in established
groves.

by State
for 1977Í/

Acres
treated
state

Alternatives to DBCP

Bearing
acresl'

and

total

United

States,

estimated

Quantity
Quantity applied per
3-year
applied
cycle
per year

Percent
treated
with
DBCP

Application
rate per
acre i.^

Pounds active ingredient
544,500
36.3
181,500
1,916,640
48.4
638,880
326,700
36.3
108,900
1,089,000
36.3
363,000

Arizona
California
Florida
Texas

5,000
13,200
3,000
10,000

15,000
39,600
9,000
30,000

58,510
226,391
796,200
63,738

25.6
17.5
1.1
47.1

U.S.

31,200

93,600

1 ,144,839

7.9

1,292,280

3,876,840

\j Sources: (3, 6, 26, 63, 77, 91, 127, 176, 177).
1] Estimates of DBCP-treated acres for Florida by O'Bannon.
California acreage
treated is based on information supplied by Johnson. Texas information supplied by
Amador and Heald. See also (217).
3^/ Bearing acres in Arizona, California, and Florida as reported in State agricultural statistics reports.
Texas bearing acreage derived using 1977 "total acres"
data and percent bearing information presented in 1974 acreage report (85.9 percent
bearing).
4/ Application rates represent averages for the respective States. Source (127).
45

Table 16.—State recommendations for nematode control in citrusi.^
Control period
and Nematicide
Preplanting
DBCP
Chloropicrin
D-D®
Methyl bromide
Telone®
Vapain*
Vorlex*
Vidden-D®
Planting
DBCP
Postplanting
DBCP

State
Arizona

California

Florida ^^

Texas
X

X
X
X
X
X
X

X

X
X

X
X

X
X
X

X

X

X

X

l_l Sources: (175, 184, 186, 199).
2/ Florida also recommends the use of Dasanit® as a bare-root dip.
User Impacts
The use of DBCP for citrus nematode
control in established orchards would
result in economic impacts of varying
significance
according
to
acreage
treated.
Total reductions in grower
gross revenues one year after cancellation are estimated at $5.7 million
(table 17).
States most affected by a
DBCP regulatory action are California
($3,540,000) and Texas
($996,000).
Arizona growers would incur gross
revenue reductions of $752,000 after the
first year. In Florida, grower gross
revenues would be reduced by $382,000.
Per-acre reductions in gross revenues are estimated to range from $226
to $325 in California.
Florida and
Arizona growers are estimated to incur
reductions in revenue ranging from about
$109 to $188 per acre from a DBCP cancellation. Growers in Texas could incur
revenue reductions of $85 per acre on
oranges and $114 per acre on grapefruit.
An "average grower impact" resulting from the loss of DBCP cannot be
readily determined owing to the extreme
variations in orchard yields that exist
between citrus States and intrastate
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production areas. In addition, the percentage of an average orchard that is
nematode-infested and treated with DBCP
cannot be readily determined; however,
the two examples presented on page 48
illustrate the per-acre effects of a
DBCP regulatory action.
Both examples assume that the acre is infested
with citrus nematode and is treated with
DBCP.l/
In the Florida example, it is
estimated that orange production would
decrease 56 boxes (90 lb/box) per acre
if DBCP were not available. This would
result in a reduction in the grower's
return to land of $82 per acre or about
a 22-percent decline. For the California
example, it is estimated that, without
DBCP, lemon production would decline
139 field boxes (38 lb/box) per acre.
Grower returns to land would decrease
$281 per acre or about 52 percent.
5^/ Yield impacts developed in the
examples are based on data provided by
OVBannon (Florida) and Baines (California).
Cost and return parameters
taken from budgets developed by Muraro
and Abbitt (Florida) and Gustafson and
Rock (California).

Table 17.—DBCP use on citrus, by type, yield impacts derived, and projected firstyear economic impact of cancellation

State

Citrus
type

Acres
treatedj./

Arizona
Oranges-all
1,795
Lemons
1,735
Grapefruit
875
Tangerines
595
All types
5,000
California
Oranges-Valencia 4,100
Oranges-navel
and other.
2,700
Grapefruit
1,700
Tangerines
500
Lemons
4,200
All types
13,200
Florida
Oranges-Valencia 2,400
Grapefruit
600
All types
3,000
Texas
4,800
Oranges-all
Grapefruit
5,200
10,000
All types

Yield/
acre 2_/
(boxes)

Value
Total
of
value of
DBCP
DBCP
DBCP
yield
Value yield
yield
effect/
per
effect/
effect/
DBCPI/ acre iJ box A' acre A'
year U
(boxes)
($1,000)
($)
($)

Percent
yield
increase
with

165
215
270
95

28.1
19.8
31.8
23.8

46
43
86
23
—

2.61
4.37
1.80
5.47

120
188
155
126

215
326
136
75
752

286

26.9

77

2.99

230

943

229
381
276
373

29.0
31.8
23.8
19.8

66
121
66
74
—

3.42
2.32
4.36
4.39

226
281
288
325

610
478
144
1,365
3,540

264
406

16.7
11.1

44
45
—

3.01
2.42

132
109

317
65
382

196
281

20.0
20.0

39
56
—

2.19
2.02

85
113

408
588
996

*"■"■*

**■■

^^•*

182

5,670

Total
All types

31,200

""""""

IJ The estimates of DBCP use on all citrus types in each State are based on
information supplied by the following sources: (3, 8, 77, 125, 127, 140, 217). The
breakdown of DBCP use on specific varieties in Arizona, California, and Texas is
based on the assumption that DBCP use in these States is proportional to the bearing
acreage of each type (for California, only the southern citrus-producing counties are
included). The Florida breakdown is based on information provided by O'Bannon.
Small acreages of tangelos and limes in California were included in tangerine data to
simplify the analyses.
2J Per-acre yields represent 3-year averages (1973-74, 1974-75, 1975-76) based on
USDA statistics (212).
3^/ Yield effects resulting from DBCP use represent estimates and data provided by
Baines, Heald, Wallace, and O'Bannon. Arizona effects were assumed to be the same
as those projected for California.
ij Represents product of yield per acre multiplied by DBCP yield impact per acre.
^/ Three-year average (1974-75, 1975-76, 1976-77) for equivalent packinghouse-door
return (215).
6^/ Represents product of DBCP yield effect per acre multiplied by value per box.
7/ Represents product of acres treated by value of DBCP yield effect per acre.
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Example #1
Florida Ridge
(central)
Type:
orange
Market:
processing
Yield decrease
with DBCP: -14.4 pet
Location:

Example #2
California
(southern)
lemon
fresh
-16.6 pet

With DBCP:
Yield/
389 boxes
839 field boxes
acre:*
(90 lb/box) (38 lb/box)
Price/box
$1.90
$2.25
(on-tree):
Cash cultural and management
cost/acre:**
$370
$1,346
Return to land and trees/
acre:***
$369
$542
Without DBCP:
Yield/
333 boxes 700 field boxes
acre:****
Price/box (on-tree): $1.90
$2.25
Revenue/acre:
$633
$1,575
Cash cultural and management
costs/acre:**
$346
$1,314
Return to land and trees/
acre:***
$287
$261
Change in return to land and
trees/acre without DBCP:
Per acre: -$82
-$281
Percent:
-22.2 pet
-51.8 pet
* Yields with DBCP were estimated
by using data provided by O'Bannon and
Baines, 1977.
** As developed in the respective
budgets.
For California, the figure
used does not include cost entries for
overhead expense and taxes.
Figures
used "with DBCP" include $24 per acre
costs of DBCP treatment in Florida and
$32 per acre costs in California.
*** Return to land and trees per acre
without DBCP as taken or derived from
budget data. The change in returns with
DBCP relative to returns without DBCP
represents the product of the increased
yield effect per acre (56 boxes in
Florida; 139 boxes in California) times
the price per box less the cost of
treatment with DBCP per acre.
**** Yields without DBCP represent
averages taken from Muraro and Abbitt,
1977 (120) and Gustafson and Rock,
1977, (75).
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Since DBCP is applied to established orchards once every 3 years, the
full aggregate economic impact of the
loss of DBCP will not be realized until
the third year following cancellation.
To illustrate this point, the impact of
a DBCP cancellation on navel oranges in
California is used as an example (table
18).
It is estimated that 8,100 acres
of navel oranges were protected from
nematode damage in 1977.
In 1978,
one-third of the total, or 2,700 acres,
should be treated with DBCP because
they are at the end of the 3-year treatment cycle. If DBCP is not avaüable in
1978, these 2,700 acres would incur
production losses.
In 1979, production losses would be incurred on 5,400
acres--2,700 acres where losses occurred
in 1978 and an additional 2,700 acres
that reached the end of the 3-year
treatment cycle.
By 1980, the last
2,700 acres would be at the end of the
treatment cycle and production losses
would be incurred on the 8,100 acres
that were protected with DBCP at the
time of cancellation.
Revenue losses
for navel oranges in California, based
on a 3-year average market price, are
estimated to be $524,000 in 1978, $1.1
mñlion in 1979, and $1.7 million in
1980.
Thus, in the first 3 years
after a DBCP cancellation, accumulated
revenue losses would be $3.4 million.
In expanding the analysis to all of
the citrus acreage protected with DBCP
in 1977, the revenue losses expected in
future years were discounted back to a
present value for 1977 using a rate of 7
percent. This is a reasonable procedure
because a $1 loss in 1978 or any future
year is worth less to a grower than a $1
loss in 1977.
Therefore, to accumulate
a series of losses, each year's loss
must be expressed in terms of its value
as of a base year.
Based on the foregoing procedure,
grower revenues will be reduced by $13.9
million per year at the end of the third
year following cancellation;
at that
point all currently treated acres will
be affected (table 19).
Accumulated
revenue losses to citrus growers are
estimated to be $29.1 million by the end

Table 18.—Impact of DBCP cancellation upon Ciilifornia navel orange revenuesl^
Year

Acres
affected

Value of reduction
in production U

1978
1979
1980

2,700
5,400
8,100

$610,000
1,220,000
1,830,000

$86,000
86,000
86,000

$524,000
1,134,000
1,744,000

8,100

$1,830,000

$86,000

$1,744,000

Thereafter/year
11
21
(See
3^/
^/

Cost of DBCP
Net change
treatment j.^ in revenue .1'

Includes navel and "other" oranges.
Calculated by using DBCP yield impact per acre of 66 boxes and price = $3.42
table 17). Assume price will not change with decreased production.
Assumes application rate of 4 gallons (12.1 lb a.i.) per acre @ $8 per gallon.
Dollar values not discounted.

Table 19.—Reductions in user revenue resulting from loss of DBCP
established citrus during 3 years following cancellation
Economic impact ($1,000)

State

Year 1

Cumulative
at end of
Year 2 second year

Arizona
California
Florida
Texas
U.S.

$703
3,308
357
931
$5,299

$1,314
6,184
668
1,740
$9,906

$2,017
9,492
1,025
2,671
$15,205

1/

Cumulative
at end of
Year 3 third year
$1,842
8,670
936
2,439
$13,877

$3,859
18,162
1,961
5,110
$29,092

Value of
citrus
production

for

use on

year A'
($1,000)

Percent
reduction
in value of
production
third
year ^f

$37,516
271,059
639,877
33,243
$981,695

4.91
3.20
0.15
7.34
1.41

^^^ •>!

V These grower-level Impacts are calculated on the data developed in table 17,
The year 1 economic impact represents the total value of the DBCP yield effect per
year on 31,200 acres of citrus (table 17) discounted at the rate of 7 percent.
The
years 2 and 3 economic impacts represent the doubling and tripling effects projected
to occur following cancellation as nematode control deteriorates on the acreage
previously treated with DBCP. The second and third year economic impacts are also
discounted at a rate of 7 percent.
The annual increments in acres affected are
assumed to be equal (an additional 31,200 acres/year in years 2 and 3).
V Values for State and U.S. citrus production represent 3-year average values
(1974-75, 1975-76, 1976-77) as reported by the U.S. Department of Agriculture (215).
3^/ Calculated by dividing the economic impact in year 3 by the value of citrus
produced per year.
of the third year following cancellation
of DBCP, cet er is paribus.
California
would have incurred the greatest absolute reduction in grower revenue of
$18.2 million at the end of the 3-year
period; however, if the impact the
third year after a DBCP cancellation

is expressed in terms of the value of
citrus production, revenue losses in
that year are greatest in Texas at 7.3
percent, followed by Arizona at 4.9 percent.
Florida is estimated to have the
smallest absolute and percentage decline
in citrus revenue.
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In addition to the loss in revenue,
there is a cost savings in not having to
purchase and apply DBCP. Because most
DBCP is applied to citrus groves via
irrigation water, application costs were
not considered.
During the 3-year
treatment cycle it is estimated that
growers would have used 3.9 million
pounds of DBCP to treat the 93,600 acres
of citrus (table 15). The cost savings
of this treatment would be about $2.6
million (320,400 gallons of DBCP at
$8.00 per gallon).
To determine the net impact on
citrus growers, the savings in DBCP
material costs must be deducted from the
revenue loss as follows:
Revenue lossrl^ $29,092,000
Savings in DBCP cost:!/ $2,241,000
Net grower impact = $26,851,000.
Thus, the accumulated net impact to
citrus growers is estimated to be $26.9
million in the 3-year period immediately
following cancellation of DBCP, ceteris
paribus. The net third-year impact is
estimated at $13.2 mülion ($13,877,000
reduced revenue - $697,000 cost of DBCP
treatment = $13,180,000).
The general impact of a DBCP
cancellation
upon
the
U.S
citrus
industry can be evaluated given a few
simplifying assumptions.
The data in
table 20 are based on the assumption
that fruit from DBCP-treated orchards
enters the fresh market except for
Florida
Valencias,
almost
all
of
which are processed for juice.
This
assumption is based on the proven
ability of DBCP-treated trees to produce
higher quality fruit than untreated
trees (10, 147).
As indicated in table 20, the cancellation of DBCP would result in a
loss of 4.6 percent of U.S. fresh
orange production and of 0.17 percent
6^/ Table 19.
T_l The present value of the saving in
the cost of not using DBCP has also been
calculated by using a 7-percent rate of
discount.
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of process orange production. Domestic
fresh
grapefruit
production
would
decline by 6.0 percent, fresh lemon
production by 9.7 percent, and fresh
tangerine production by 3.8 percent.
These
estimates
reflect
anticipated
production levels at the end of the 3year treatment cycle and assume ceteris
paribus conditions in the citrus industry as a whole.
The yield reductions (and subsequent revenue reductions) projected in
this analysis probably represent a
worst-case situation since crop reductions of this magnitude would lead to
higher grower level prices for the affected varieties. Current DBCP users,
as well as nonusers, would receive
higher prices.
Higher market prices
would lead to overall revenue gains for
nonusers of DBCP and would also offset to some extent the economic impact
upon users from reduced production on
acreage now treated with DBCP. These
impacts cannot be projected with much
confidence, however, owing to several
uncertainties, such as future industry
production levels, any drastic impacts
caused by factors such as weather
(particularly freezes),
the
acreage
to be set in new plantings, and the
production levels to be encountered in
groves coming into production in the
3-year period following a DBCP cancellation action.
The short-term impact of the cancellation of DBCP use on citrus groves
will probably consist of rather immediate yield reductions. In the long term,
the greatest impact of the loss of DBCP
will concern tree longevity (short-term
yield effects would probably be resolved
in the market rather quickly in the form
of reduced grower returns and higher
citrus prices).
Debilitated trees are not killed
outright, but rather they slowly decline
in productivity so that in time they
become marginally unproductive and are
pushed out.
Grove life with DBCP is
essentially unknown but can reasonably
be assumed to be in the area of 60 years
(many groves wül last much longer than

Table 20.—Projected reduction in production of domestic citrus 3 years following
DBCP cancellation, by variety

Type

State

Utüizationl/

DBCP
DBCP
yield
Acres
yield impact per
Acres
treated effect
3-year
treated
3-year
per
cycle
1 year 1^ cycle ±' acre i.^ (boxes) A^

U.S.
Percent
proreduction
duction
in U.S.
per
producyear §.f
tionZ.^

Oranges
Fresh
1,795
Fresh
6,800
Process 2,400
Fresh
4,800
Fresh
13,395
Process 2,400

5,385
20,400
7,200
14,400
40,185
7,200

Fresh
Fresh
Fresh
Fresh
Fresh

875
1,700
600
5,200
8,375

2,625
5,100
1,800
15,600
25,125

86
121
45
56

Arizona
California
Total

Fresh
Fresh
Fresh

1,735
4,200
5,935

5,205
12,600
17,805

43
74

Tangerines
Arizona
California
Total

Fresh
Fresh
Fresh

595
500
1.095

1,785
1,500
3,285

Arizona
California
Florida
Texas
Total

Grapefruit
Arizona
California
Florida
Texas
Total

46
73
44
39
—
—

—

248,000
1,489,000
317,000
562,000
2,299,000
317,000

50,024,000
191,590,000

4.60
0.17

226,000
617,000
81,000
873,600
1,797,000

29,823,000

6.03

224,000
932,000
1,156,000

11,838,000

9.77

41,000
99,000
140,000

3,673,000

3.81

Lemons

—

23
66
—

V With the exception of Florida Valencia ornages, all fruit produced in DBCPtreated groves is assumed to be marketed fresh.
This assumption appears to be
reasonable due to overwhelming evidence that DBCP treatment results in a much higher
percentage of superior grade fruit relative to untreated groves.
2^/ As developed in table 17.
_3/ Since citrus is ordinaruy treated with DBCP once every 3 years on a post plant
basis, the number of acres treated in a given 3-year period represents the production
area that would be affected by a DBCP cancellation.
4^/ As developed in table 17.
b_/ Product of acres treated per 3-year cycle multiplied by DBCP yield effect per
acre.
J5/ Represents a 3-year average; based on USDA statistics (215).
T_/ Calculated by dividing DBCP yield impact per 3-year cycle by U.S. production per
year. These data indicated the degree to which domestic production of the indicated
citrus varieties would be reduced if DBCP were not available.
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Table 21.—Projected changes in retail citrus prices 3 years following cancellation
of DBCP for use in established groves

Variety

Utilization

Percent reduction
Price elasticity
in U.S. productioni.^ of demand-retail ^^

Percent change
in retail price^^

Fresh
Process
products.

-4.60

-1.2

+3.83

-0.17

-0.73

+0.23

Grapefruit

Fresh

-6.03

-1.22

+4.94

Lemons

Fresh

-9.77

NA

_3/„

Tangerines Fresh

-3.81

NA

3/„

Oranges

\J As derived in table 20.
^/ Sources: Oranges (49). Grapefruit (228).
3^/ Price movement for lemons and tangerines cannot be evaluated because of a
lack of elasticity data for these varieties.
If elasticities for fresh lemons and
tangerines are assumed to be equal to that for fresh oranges, the projected percent
changes in retail prices are +8.14 percent for fresh lemons and +3.17 percent for
fresh tangerines.
this, but factors such as a market
preference for new varieties or urbanization pressure will cause premature
removal).
Without DBCP, groves will
probably remain productive for 30 to 40
years (217).
Assuming that the land
stays in citrus, this effect wül necessitate early replanting and 4 years of
unproductive acreage at an earlier than
normal time.
Therefore, although the
aspect of tree decline due to (in great
part) nematode damage is recognized,
this analysis is unable specifically to
address the economic effects of this
long-term problem.
Consumer Impacts
The consumer impact of a cancellation of DBCP for use on established
citrus can be estimated based on the
results presented in the preceding
section of this analysis.
Table 21
indicates
the
anticipated
movements
in retail prices for various citrus
products resulting from the loss of
DBCP for this particular use.
Under
ceteris paribus conditions, the loss of
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DBCP for use on citrus would result in
retail price increases of 3.83 percent
for fresh oranges and 4.94 percent for
fresh grapefruit.
Little price impact
is
projected
for
processed
orange
products (primarily juice).
The retan
price impact upon fresh tangerines and
lemons is uncertain but is potentially
significant.
The data in table 21 indicate
substantial retau price increases for
fresh oranges and grapefruit.
It is
stressed, however, that these estimates
reflect ceteris paribus conditions, that
is, a fixed supply in the industry as a
whole.
This assumption is particularly
questionable in the case of grapefruit,
inasmuch as the bearing acreage of this
variety has been steadily increasing
during the past several years.
Thus,
the projected loss in fresh grapefruit
production (and therefore, user revenue)
resulting from the cancellation of DBCP
citrus registrations would be offset to
some degree by the production derived
from the overall increase in domestic
grapefruit acreage.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON CITRUS
A.

USE:

DBCP use on citrus groves

B.

MAJOR PESTS œNTROLLED:

I Imes, and others).
Citrus nematode, Tylenchulus semipenetrans Cobb»

C.

ALTERNATIVES:

D.

(oranges, grapefruit,

lemons,

Major registered chemicals;

Prep Iant:

State recommendations;

DBCP is recommended
nematode control.

Nonchemical controls:

No effective
avallable«

Efficacy of alternatives:

Satisfactory preplant alternatives are available.
plant alternatives.

Conclusions:

DBCP is the sole effective method for postplant control of citrus
nematodes in citrus groves. There are no registered postplant alternatives.
Loss of DBCP will result in reduced citrus production as
out Iined below.

D-D®, Telone«.
in

Pçstplant:
all

nonchemical

commercial
controls

No registered alternatives«
citrus

States

(biological

or

for

postplant

cultural)

are

No registered post-

EXTENT OF USE:
Quantities appiled
and units treated: Quantity active ingredient applied:
Acres treated with DBCP:
State
Per year
Per 3-year cycle Per year
Per 3-year cycle
544,500
5,Ô(»
15,ÔÔÔ
Ar i zona
181,500
1,916,640
13,200
39,600
California
638,880
326,700
Florida
108,900
3,000
9,000
10,000
Texas
363,000
1,089,000
30,000
775757SW
31I2OÖ
United States
1,292,280
M,6ÖÖ

E,

tangerines,

Percent treated
with DBCP
25.6
17.5

1.1
47.1

7.9

ECONOMIC IMPACTS:
Short term
Because DBCP Is applied to citrus on a 3-year treatment cycle, the
production effects of cancellation would be realized at about the end
of the third year following cancellation.
Under ceterls par I bus conditions, the following production and revenue effects are projected:

User:

Utilization

Percent reduction in
U.S. production

Reduction in production per year
after 3 years (boxes)

Croi
Crop
Oranc
nges

TFÜí;

2,2^9,000

T75Ö

Grapefruit
Lemons
Tangerines

Process
Fresh
Fresh
Fresh

317,000
1,797,000
1,156,000
140,000

0.17
6.03
9.77
3.81

State/U.S.
Arizona
California
Florida
Texas
United States

Present value of reduction in production ($1,000):
Year 1
Year 2
Year 3
Cumulative third year
753
Î7TR
T^Sá
371555
3,308
6,184
8,670
18,162
357
668
936
1,961
931
1,740
2,439
5,110
37^5^
^^
13,077
29,092

Net grower level

Percent reduction in value
of citrus product Ion-vear 3
4^^
3.20
0.15
7.34
1.41

Impact, ceterls par I bus:
ReductIon in crop revenues

First year
Second year
Third year
Cumulative years 1-3

Cost of control with DBCP

$5,299,ÔÔÛ

799,000

9,906,000
13,877,000
$29,092,000

746,000
697,000
$2,241,000

Net impact
= $4,50Ô,ÔÔÔ
=
9,160,000
= 13,180,000
= $26,851,000

These impacts represent a worst case situation, since the projected
crop losses would lead to higher market prices, thereby offsetting to
some extent the revenue impacts incurred by DBCP users due to crop
reductions on their affected acreages.
Nonusers would experience
revenue gains due to the higher market prices.
It is also reasonable
to assume that higher market prices would stimulate new planting and
Intensification of production practices on existing acreage.
Both
activities would tend to reduce the overall Industry Impacts projected
In this analysis; however, production on the affected acres would
remain at lower levels.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON CITRUS (continued)
E.

ECONOMIC IMPACTS:
User;

(continued)

(continued)
Long term
As Indicated, the short-term Impact of the cancel I at I on of DBCP use on
citrus groves would consist of rather Immediate yield reductions.
In
the long term, the greatest Impact of the loss of DBCP will concern
tree longevity (short-term yield effects would likely be resolved In
the market rather quickly In the form of reduced grower returns and
higher citrus prices). Debilitated trees are not killed outright but
slowly decline In productivity, so that In time they become marginally
unproductive and are pushed out. Grove life with DBCP Is essentially
unknown but can reasonably be assumed to be In the area of 60 years
(many groves will last much longer than this, but factors such as a
market preference for new varieties or urbanization pressure will cause
premature removal). Without DBCP, groves will likely remain productive
for 30 to 40 years.
Assuming that the land stays In citrus, this
effect will necessitate early replanting and 4 years of unproductive
acreage at an earlier than normal time.

Market, consumer;

Short term
The loss of DBCP would lead to the following retail price Increases
3 years following cancellation of DBCP; Fresh oranges +3.8 pet,
process orange products (primarily juice) "K).2 pet, fresh grapefruit
+4.9 pet.
Tangerine and lemon Impacts are undetermined, but some
degree of Increase Is likely.
Impacts of this magnitude would not
significantly affect consumer food expenditures.
Long term
Higher grower returns for citrus would probably stimulate production
In unaffected areas, thereby returning output and retail prices to
"normal" levels.

F.
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METHOD OF APPLICATION;

DBCP Is applied to citrus once every 3 years using two methods—
Irrigation or soil Injection.
Injection Is the dominant method In
Florida and Is used occasionally In California. Irrigation Is the sole
method used In Texas and Arizona and Is by far the dominant application
technique used In California.

ECONOMIC ANALYSIS OF DBCP USE IN VINEYARDS

Methodology and Assumptions
This report is an analysis of the
economic implications of DBCP loss for
nematode control in vineyards.
The
following is a listing of the assumptions and methodologies used in the
analysis.
(a) Bearing acres, yields,
and
grape prices are 1974-76 averages.
Owing to an increased demand for domestic wines and other grape products, the
3-year average probably understates
California long-term vineyard acreage;
however,
forecasting the long-term
equilibrium in grape markets is beyond
the scope of this study.
(b) This analysis is limited to
California where over 90 percent of the
U.S. grapes are produced. New York,
Michigan, and 10 other States account
for the remaining production, but DBCP
is not critical to production in these
areas.
(c) This
report
analyzes
the
economic impact of the immediate unavailability of postplant DBCP treatments
for nematode control as compared with
continued DBCP availability.
The impacts of DBCP use as a preplant soil
fumigant are not estimated since effective preplant alternatives are available
and are the preferred nematicides.
(d) Quantities of DBCP used, acres
treated, and yield impacts associated
with a DBCP loss are based on estimates
by USDA/State and EPA DBCP assessment team,
extension nematologists,
industry sources, and rebuttal comments.
These estimates are based on their
knowledge of nematicide use patterns in
vineyards and they represent the best
available information.
(e) The actual effect on productivity due to the loss of DBCP for
nematode control in established vineyards is variable.
Productivity on
treated
acres
will
decline
until

affected vineyards are rendered economically unproductive. The actual rate of
decline in any vineyard depends on
factors such as management of irrigation
water,
weather
irregularities,
local
soil conditions (sand streaks), pest and
disease outbreaks, and other factors.
Since an accounting of all factors (in
addition to DBCP loss) affecting the
rate of yield decline is beyond the
scope of the analysis, yields on treated
acres are assumed to decline at a constant 10 percent.
(f) The 1974-76 average weighted
values of production per ton for
grapes by utilization in California
are used for this report.
These
prices were $140 per ton for raisin
grapes, $188 per ton for table grapes,
and $126 per ton for wine grapes (28,
29, 30).
(g) Grape prices are assumed to
remain constant; however, they would
probably increase as production falls.
The affected grower loss would be
somewhat offset by an increase in crop
values.
Individual producers not
limited by nematode problems would
benefit because their productivity would
remain unaffected whüe product prices
rise.
The magnitude of these impacts
associated with price changes is not
estimated.
(h) A 7-percent discount rate is
used for all present value calculations
in this analysis.
(i) This
analysis
considers
a
3-year time horizon following an assumed
DBCP cancellation.
Area of Use
An average of 641,496 acres was
devoted to grape production in California during the 1974-76 period.
Wine
grapes accounted for 230,450 bearing
acres, raisins accounted for 238,479
bearing
acres,
and
table
grapes
accounted for 64,887 bearing acres.
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In California, grapes were produced
in 44 counties in 1974.
The economic
impact of a DBCP regulatory action would
be most severe in California's San Joaquín Valley, however, because 82 percent of California's production comes
from five counties in the valley (table
22), and nematodes are recurring problems in vineyards since soil conditions
are conducive to nematode infestations.
For these reasons, impacts estimated in
this analysis are based on San Joaquin
Valley data.
The average number of
bearing acres per farm in the five major
grape-producing counties in the San
Joaquin Valley (table 22) in 1974 was
74 acres, ranging from about 340 acres
in Kern County to about 50 acres in
Fresno County. Thus, the per-farm loss
or the number of producers affected by a
DBCP cancellation, or both, will vary
throughout the five-county area.
Current DBCP Use
DBCP is used principally in light,
moderately-textured, or coarse soils of
the San Joaquin Valley and Sacramento
Valley, and the inland valleys of
southern California.
Other important
vineyard areas have fine-textured or
rocky soils where DBCP response is
unpredictable.

DBCP use is an integral part of a
total nematode control program in
vineyards.
Preplant sou treatments
with D-D*, Telone®, methyl bromide, or
other soil fumigants are used in
vineyard
establishments.
Preplant
treatments are effective for 2 to 5
years. After this period, DBCP is used
as a postplant treatment to control
damaging nematode populations.
These
post plant DBCP treatments are applied
at 1- to 3-year intervals.
For this
analysis, a 2-year treatment cycle is
assumed.
Application is usually by
flood
irrigation,
with
some
chisel
injection.
Application rates for DBCP
range from 2.86 to 3.57 gallons of DBCP
per acre (12.1 lb a.i. per gallon)
(217).
About 165,000 acres (table 23) of
grapes are currently benefiting from
DBCP nematode control, representing
about 38 percent of bearing acres in the
San Joaquin Valley and 31 percent of
California's
total
bearing
acres
(1974-76 average) (28, 29, 30). With an
average application rate of about 39 lb
a.i./acre, DBCP use in vineyards is
about 3.2 million pounds active ingredient annually or about 6.4 million
pounds active ingredient during the
2-year treatment cycle.

Table 22.—Major grape-producing counties in California, 1974 1.1

County

Farms

Bearing
acres

Tons

Average
acres per
farm

Average
production
per farm

Average
production
per acre

T",

X \jiia

Fresno
3,502
Kern
222
Madera
425
San Joaquin
919
Tulare
843

183,,418
75,,222
49,,625
56,,065
72,,505

1,.244.,912
417,,631
325,,346
350,,639
475,,078

Total

5,911

436,.835

2 ,813,,606

California
Total

8,280

604,,703

3 ,418,,748

1/ Source: (219).
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52..4
338..8
116..7
61..0
86..0

355.5
1,881.2
765.5
381.5
563.6

6.79
5.55
6.56
6.25
6.55

73..90

476.0

6.44

73..03

412.9

5.65

Table 23.—Estimated San Joaquin Valley grape acreage treated with DBCP

Grape type
Raisin
Table
Wine
Total

Bearing
acreage
1974-76 U

Acres treated with DBCP
Acres
per year 2/
Tntal ?/

127,776
90,262
221,931
439,969

15,333
40,617
26,632
82,582

30,666
81,234
53,264
165,164

Percent
of bearing
acres
treated
24
90
24
38

V Sources: (28, 29, 30).
Thompson Seedless is classified as a raisin variety
but is utilized extensively for table use and in blended wines.
To reflect more
accurately raisin and table acreage, Thompson Seedless was redistributed by utilization as estimated by the assessment team.
2^/ As previously noted, the major DBCP use area is the San Joaquin Valley, where
most of California grapes are produced.
DBCP-treated San Joaquin Valley wine
acreage is estimated by multiplying wine acres by the ratio of treated to bearing
acres estimated by the assessment team.
Total treatment acres were based on a
2-year treatment cycle.
Alternatives to DBCP
There are no satisfactory federally
registered alternative nematicides to
DBCP for post plant nematode control
in vineyards.
Preplant soil fumigation
is not considered an alternative, but
rather as a necessary part of a satisfactory nematode control program. Crop
rotations are not a practical alternative nematode control practice due to
the perennial nature of vineyards.
Following
vine
removal,
the
land
should
be fallowed
or
planted
to
shallow-rooted crops.
At least one
year, but preferably two, should be
allowed for decay of grapevine roots not
removed by normal cultural practices
(217).
User Impacts
The cancellation of DBCP for use
in California vineyards would have a
significant impact on grower revenues.
Several opinions exist concerning the
nature and extent of damage that would
occur in vineyards if DBCP were canceled.
Johnson (89) estimates that
affected vineyard life would be reduced
to about 8 to 10 years following DBCP
cancellation.
Vineyards planted with

the use of preplant fumigants would
remain productive for only 10 to 15
years (current vineyard life is 60 or
more years) if DBCP is not available for
post plant nematode control. Müls (113)
estimated a total loss of 10 percent
of California bearing acres and a
15-percent productivity reduction on all
remaining acres within 3 years after a
DBCP cancellation. The assessment team
estimated a one ton per acre (about 12
to 17 percent based on average yields
for table, raisin, and vine varieties)
yield loss on all DBCP-treated acres.
For this analysis, a 10-percent
cumulative yield reduction on affected
acres is used to calculate user impacts
over a 3-year time horizon.
This
estimate falls within the range of
the yield reduction estimates described
above and represents a likely impact
if DBCP is not available.
Economically, grape producers wül continue
production in the short run until
variable production costs exceed gross
revenue.
The costs to establish a
vineyard are substantial.
Once vineyards are established, however, production will continue as long as gross
revenue exceeds variable production
costs.
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Table 24,—Estimated economic impacts of DBCP cancellation for use in vineyards
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Year 2

Year 1

M «M

0

Pu O f.

-Million dollarsRaisin

0.5

1.3

1.2

5.4

0.5

4.9

4.3

9.0

0.5

8.5

6.9

12.4

Table

1.4

4.3

4.0

17.0

1.4

15.6

13.6

28.3

1.4

26.9

22.0

39.6

Wine

0.9

1.1

1.0

5.9

0.9

5.0

4.4

9.9

0.9

9.0

7.3

12.7

Total

2.8

6.7

6.2

28.3

2.8

25.5

22.3

47.2

2.8

44.4

36.2

64.7

y Taken from table 25.
V Based on an application rate of 3.22 gallons per acre at a cost of $11.0 per gallon - $35.40 per acre for
material costs (assessment team). No application cost is included because most DBCP is applied via irrigation
water. The cost per acre is multiplied by the acres treated per year (table 23).
3/ Based on a discount rate of 7 percent.

Table 25.—Estimated value of production loss due to cancellation of DBCP for use in vineyards
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Year following DBCP cancellation
Year 2

Year 1

DBCP available

01 P :i

Million
Tons dollars

Raisin
Table
Wine

30,666
81,234
53,264

8.41
7.39
5.85

5
5
5

12,900
30,100
15,700

1.8
5.7
2.0

15
15
15

38,700
90,200
47,100

5.4
17.0
5.9

25
25
25

64,400
150,300
78,500

9.0
28.3
9.9

116,000
270,600
141,300

16.20
51.00
17.80

Total

165,164

7.08

5

58,700

9.5

15

176,000

28.3

25

293,200

47.2

527,900

85.00

y Assumes a 2-year treatment cycle with half of the acreage treated in 1976 and the other half in 1977 (table
23).
y 1974-76 average from California Crop and Livestock Reporting Service Federal/State Market News Service (28,
29, 30). Yields on current DBCP-treated acreages are unknown. In lieu of these data, 1974-76 averages are
used as representative of yields on DBCP-treated acreages.
3^/ The acreage treated with DBCP in 1977 is assumed to have no yield loss. The acreage treated in 1976 was
assumed to have a 10-percent yield loss. Therefore, the average loss on the affected acres is 5 percent.
_4/ 1974-76 average weighted value of production per ton by utilization:
Raisins - $140; table - $188; and
wine grapes - $126.
y In the second year the acreage treated in 1977 would have a 10-percent yield loss and the acreage treated
in 1976 a 20-percent yield loss. Therefore, the average loss on the affected acres is 15 percent.
6^/ In the third year the acreage treated in 1977 would have a 20-percent yield loss and the acreage treated in
1976 a 30-percent yield loss. Therefore, the average loss on the affected acres is 20 percent.
en
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Table 26.—Estimated per-acre impact on representative Thompson Seedless producer for
table use due to a DBCP cancellation U
DBCP available 1^
Item

Dollars
per acre

Dollars
per lug

DBCP canceled TT
Dollars
per acre

Dollars
per lug

Preharvest cash costs
Harvest costs 'kJ
Total costs

734
1,331
2,065

1.41
2.55
3.96

i/727
1,198
1,918

1.55
2.55
4.08

Value of production 6_/

3,087

5.77

2,779

5.77

Return over variable
production costs.

1,022

1.81

868

1.71

\_l Sources: (28, 29, 30, 89, 193).
21 Computed based on a yield of 522—23-pound lugs (87 lugs per ton) plus 2.5 tons
of culls.
3_/ Based on a 10-percent yield decline per acre per year. The first year after a
DBCP cancellation production is estimated at 470 lugs plus 2.25 tons of culls.
£/ Less DBCP cost of $42 per acre every other year or $21 per acre per year.
^/ House-packed at $2.55 per lug.
6^/ 1974-76 average price for Thompson Seedless is $5.77 per lug plus $30 per ton
for culls.
The cancellation of DBCP for use in
vineyards would lead to major reductions
in grape production on the affected
acreage in future years.
To evaluate
these expected revenue losses, it is
necessary to express each year's loss
in terms of the base year value. This
is accomplished by discounting the
estimated future revenue losses back
to a present value for 1977 using a
rate of 7 percent.
This is a reasonable procedure because a $1.00 loss
in 1978 or any future year is worth
less to a grower than a $1.00 loss in
1977.
The present value of the estimated
3-year accumulated loss to grape producers could amount to $64.7 million,
taking into account the value of lost
production and savings in DBCP treatment cost.
The reduction in producer
net revenue would amount to $12.4
million
for
raisins,
$39.6
million
for table grapes, and $12.7 million for
wine grapes.
The net reduction in
revenues the first year would be $6.2
million
(table
24),
increasing
to
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$22.3 million in the second year,
$36.2 million in the third year.

and

Individual grower impacts resulting
from DBCP cancellation
cannot be
directly determined because of variations in vineyard conditions, management
levels, percentage of the individual
vineyard infested with nematodes, soil
conditions, and many other factors.
One example is presented here, however,
to
illustrate
the
possible
economic implications to table grape
growers if DBCP is canceled.
Thompson Seedless table grape producers would suffer reduced revenues of
about $161 per acre the first year following DBCP cancellation, assuming a 10percent yield reduction, constant prices,
and all acreage infested with nematodes
(table 26).
Thus, a representative
producer with 74 acres (see table 22)
would lose about $12,000 in revenue the
first year following DBCP cancellation.
This loss represents 5.2 percent of
gross revenue and 15 percent of revenue
net of variable costs per farm.

Consumer Impacts
Consumers will pay higher market
prices as grape production falls. Table
grape prices are likely to increase
significantly since most of the table
grape acreage is treated for nematode

control; however, forecasting of future
price levels was not attempted in the
analysis because of the nonavailability
of current price elasticity data, the
lack of conclusive yield response data
in vineyards, and the possible effects
of future technological changes.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS FOR POSTPLANT DBCP USE IN VINEYARDS
A.

USE:

Grapes.

B.

MAJOR PESTS CONTROLLED:

Nematodes.

C.

ALTERNATIVES:
Major registered alternatives
Postplant

None.

State/Federal recommendations
USDA

Cal I torn Ia

Prep I ant,
postplant, or
at planting.
Postplant

Postplant

Conclusions:

E.

Application method
Not specified

DBCP

36,6 lb a.I./100 gal water
2-2,5 gal/acre

Postharvest irrigation
Postharvest irrigation

Shift from DBCP to preplant alternatives will result In total vineyard
loss in 8 to 10 years. Preplant fumigation results In 10- to 15-year
vineyard life compared with 30- to 60-year life with DBCP available.

Comparative performance:

D.

AppII cation rate
36 to 84 lb a.i./acre

None.

Nonchemical controls:

Comparative cost:

Chemical
DBCP

DBCP
$35.40 per acre
Alternatives
None
No postplant DBCP alternatives are available.

EXTENT OF USE:
Active ingredient basis:

Estimated active ingredient used annually - 3.2 million pounds
Major use area
-California's San Joaquín Valley

Acres treated:

Acres treated annual I y
Acres treated over treatment cycle
Estimated users

ECONOMIC IMPACTS:

82,500
165,000
1,800 annual I y

Short term

User:
Acres
affected
Ra i s In
Table
Wine

30,666
81,234
53,264

Present value of
decreased producer revenues
Year 2
Year 3
Year 1

1.2
4.0
1.0
6.2

4.3

6.9

13.6

22.0

4.4

7.3

22.3

36.2

Accumulated
3-year production
losses
Tons
$ Mil lion
116,000
16.20
270,600
51.00
141,300
17.80
527,900
85.00

61

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS FOR POSTPLANT DßCP USE IN VINEYARDS (continued)
E.

ECONOMIC IMPACTS:
Individual user:

(continued)
Thompson Seedless table grape producers would suffer reduced revenues
of about $161 per acre the first year following DBCP cancellation
(assuming a 10-percent yield reduction, constant prices, and a
lOO-percent nematode infestation).
Thus, a representative producer
with 74 acres could lose about $12,000 in revenue the first year
following DBCP cancellation.
This loss represents 5,2 percent of
gross revenue and 15.8 percent of production value (net of variable
costs) per farm.
According to rebuttal
responses,
producers
in
Fresno County,
California (where about 1/3 of all U.S. grapes are produced) could be
significantly
impacted.
Certain table variety
producers
(for
example, tokay grapes) could be forced out of production since
quality is highly dependent on DBCP vegetative response.
Long term
Eventual destruction of some vineyards In 8 to 10 years could result if
postplant nematode control Is unavailable due to DBCP cancellation.
Vineyards replanted (if economically feasible) using preplant fumlgant
could allow a 10- to 15-year productive life of nematode-Infested
replanted vineyards compared with a current productive vineyard life of
at least 30 to 60 years.
Pul lout and replanting cost, price changes,
and other factors would Increase Impacts.
In areas of severe Infestations where production Is no longer economic, land values would likely
fall as areas are converted into next best uses (field crops, alfalfa,
and others).
High returns In nonaffected areas would eliminate new
plantings and offset some of the loss in affected areas.

Market, consumer;
Soc i a I/commun Ity:

Short term
Consumers will pay higher market prices as grape production falls.
Table grape prices are likely to Increase significantly since 90 percent of the table grape acreage In California is treated for nematode
control.
Consumers with preferences (as compared with other fruits)
for table grapes will be seriously disadvantaged. Prices for products
made from table grapes may also Increase significantly as production
declines. Major Impacts on the grape-processing industry could occur,
since resource commitments are not easily converted to other uses.
Uneven distributive impacts are possible at the grower level, resulting
In new land use and tenure decisions and reorganization of existing
production systems (for example, tenure).
These changes will have
significant long-term Implications as well.
Long term
To the extent significant changes in land use patterns and farm can
anticipate disruptions in the economic infrastructure (public resource
base) coupled with significant changes In county or community population composition and social structure (that is, changes In quality
and level of participation In religious, political, and recreational
activities; household structure and family organization; and others).
Additional analyses are needed to determine the extent of these
impacts.
Agency actions on other RPAR compounds (strychnine, EBDC)
could Increase long-term DBCP-related Impacts.
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ECONOMIC ANALYSIS OF DBCP USE ON PINEAPPLES

Methodology and Assumptions
This report analyzes the economic
consequences of cancellation of DBCP use
on pineapples.
In general, it relies
upon the USDA/State and EPA pesticide
impact assessment team report entitled
''Cooperative assessment of DBCP use in
agriculture" and upon other information
as available. The following assumptions
were used in the preparation of this
analysis :
(a) This
report
compares
the
results of two separate nematode control
scenarios: The first assumes the continued availability of DBCP for all
current DBCP uses, and the second
alternative assumes that none of these
DBCP uses will remain available.
(b) Although the generally accepted
practice is to use an average of several
years to establish a base for acreage,
yield, and price impact analyses (to
avoid extreme fluctuation in any given
year), this analysis relies on the most
recently available data.
This has
been done because a review of the data
indicates that, rather than being cyclic
in nature, the Hawaiian industry has
experienced a marked downward trend in
acreage and a corresponding upward
trend in prices.
It was, therefore,
felt that the use of the most recent
complete year (1977) as opposed to a
3-year average would more realistically represent the current pineapple
situation.
(c) Although there is some variation in cultural practice, the general
procedure is to plant the pineapple,
wait approximately 18 months before
harvesting the first crop (called the
plant crop), wait 12 additional months
before harvesting the second crop
(called the first ratoon), wait an
additional 12 months before harvesting
the third crop (called second ratoon),
and then allow the land to lie fallow
for approximately 6 months before
replanting.
This entire period is
called a production cycle, and is

assumed to be 4 years in duration. So
that terminology wül be consistent, the
first harvest is hereafter referred to
as the plant crop, the second harvest as
the first ratoon, and third harvest
as the second ratoon, and the entire
combined harvest is referred to as
the production cycle. It is understood
that, in some cases, there is no second
ratoon and the entire cycle is shortened.
For purposes of this analysis,
however, a 4-year cycle has been
assumed.
(d) There has been discussion
regarding the effect of DBCP on uniformity of fruit size, thus tending to
reduce harvest cost or increase yield,
or both, through a reduction in waste.
Since information with respect to any
changes in these harvesting costs is
unavailable, it has been assumed that
this impact is measured through changes
in yield.
(e) The future availability of new
fumigants has not been addressed in
this report; to the extent that they may
be developed and registered, the impacts
presented in this analysis could be
lessened.
(f) It is assumed that the price
for alternative nematicides wül not
change and that they will be available
in sufficient quantities.
(g) The most viable registered
alternative is EDB; however, EDB is
currently undergoing RPAR review.
Area of Use and
Current Use Practices
Although limited acreage is planted
in Puerto Rico and the U.S. Virgin
Islands, the only State in which pineapples are commercially produced, and in
which DBCP is therefore used to any
extent, is Hawaii.
Current statistics
indicate that approximately 43,000 acres
of pineapples are produced in Hawaii,
one-third to one-fourth of which are
planted each year.
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Two major nematode species infest
pineapple plantations in Hawaii.
The
root-knot
nematode,
Meloidogyne
javanica, is distributed throughout all
Hawaiian pineapple production areas.
The reniform nematode, Rotylenchulus
reniformis, is distributed throughout
almost half of the total acreage or on
about 21,000 acres.
All islands have
this nematode species, and it is continually spreading into and becoming more
important in pineapple production.
It
is for reniform nematode control that
DBCP is used.
About 98 percent of the DBCP is
applied by the injection method.
It is
injected into the soil in combination
with D-D® or Telone®.
This combination is either mixed before injection
into the sou or it is applied through
separate injectors.
The pesticide
combinations that are used depend
upon nematode species present and the
presence of excess soil moisture or
poor soil structure.
(a) When dry soils exist and the
root-knot nematode is present, 1,3-dichloropropene (D-D® or 1,3-D) is used.
(b) 1,3-Dichloropropene plus dibromochloropropane (DBCP) is used on dry
soils when root-knot nematode and reniform nematode are present.
(c) Ethylene dibromide (EDB) is
used on root-knot nematode and reniform
nematode when soils are wet.
At the rate of 5 gallons a.i. per
acre (60.5 lb/acre a.i.), DBCP is
injected into the soil at about 8 to 12
inches deep under plastic mulch 32 to
38 inches wide.
These plastic strips
cover the planting rows (beds). The fumigant is transferred from the shipping
drums into a supply truck tank by
inserting a drop pipe in the drum and
pumping into the supply tank through
a closed pump system.
The DBCP is
transferred to the mulch-fumigation
machine tank through a quick-coupling,
closed pump system and injected into the
soil by a closed pumping system with
the plastic film, which is laid over the
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soil immediately behind the injection
shanks, sealing the fumigant in the bed.
Current DBCP Use
Currently, approximately 300,000
pounds of DBCP are used yearly on the
Hawaiian pineapple crop (137).
DBCP
applied at a rate of 60.5 pounds a.i.
per acre is sufficient to treat 5,000
acres annually (136, 217).
Alternatives to DBCP
The most viable registered alternative to DBCP is EDB. Both DBCP and EDB
are now used; DBCP, however, offers
greater control of the reniform nematode
on dry soils. Both DBCP and EDB are
usually applied in combination with D-D®
or Telone®. At current prices, DBCP
cost (material only) approximates $50
per acre, whereas per-acre EDB cost
(material only) is about $90.
The
method of application is similar for
both chemicals; therefore, application
costs will not change.
It has been
estimated that the use of EDB rather
than DBCP on dry soils will result
in a loss of about 9 percent of total
Hawaiian pineapple production in addition to the above-mentioned increased
control cost (136, 137, 217).!/
User Impacts
Because of the oligopolistic nature
of the Hawaiian pineapple industry,
specific information with respect to
production and price is not readily
available.£/
Information
that
is
available is sometimes conflicting.
For
example, the Pineapple Growers Association of Hawaii (PGAH) reports income
from the production of pineapples to
have been $150 million in 1976 (136).
On the other hand.
Statistics of
Hawaiian
Agriculture
(SHA)
(165)
8^/ Over 18 percent on those acres
currently being treated with DBCP.
^/ In 1976, only 16 farms produced
pineapples and three were responsible
for the great majority of this production.

Table 27.—Pineapple production in the State of Hawaii ±1
Year

Acres

1974
1975
1976
1977 (est.)

Number of
farms

55,000
50,000
48,000
43,000

20
20
16

Price (fresh
equivalent)

Yield

Dollars

Tons

40,300,000
41,600,000
53,000,000
64,370,000

700,000
720,000
680,000
643,700

1/ statistics of Hawaiian Agriculture, 1976 (165).
Table 28.—User impact from DBCP cancellation, 20,000 treated acres, 5-year period

Year
1
2
3
4
5

Cost; of
control
DBCP EDB
$250
250
250
250
250

$450
450
450
450
450

Net
increase
in control cost
$200
200
200
200
200

Value of
production —
DBCP
EDB
29,931
29,931
29,931
29,931
29,931

Net
decrease in
value of
production

\}\j\)
$1, nnn
29,931
0
29,931
0
24,138
5,793
24,138
5,793
24,138
5,793

Decrease
in net
revenue

Present value
of decrease
in net
revenue £'

—

200
200
5.993
5,993
5,993

200.0
187.0
5,234.5
4,892.1
4,572.0

11 Value of production based on 1977 value of $100 per ton.
2/ 7-percent discount rate used.
reported the value of production to be
only $53 mülion in the same year (table
27).
Since alm-ost 90 percent of the
Hawaiian pineapple crop is processed as
canned fruit or juices, the $150 mulion
apparently aggregates processing income
with grower income.
Table 28 presents the expected
decrease in the value of production on
the 20,000 acres currently being treated
with DBCP.M^ As will be noted, production decreases do not occur until
the third year after DBCP would have
10/ Of the 21,000 acres infested
with reniform nematode, some is on wet
soils and may be treated with EDB.
Annual usage of DBCP is currently about
300,000 pounds; at an application rate
of 5 gallons (12.1 lb a.i. per gallon)
per acre, 5,000 acres can be treated per
year or 20,000 acres per 4-year cycle.

been used. In the first 18 months no
crop is harvested, and in the next 6
months the plant crop is harvested with
normal yields.
Therefore, during the
first 2 years only one crop, the plant
crop, is harvested. In the third year,
however, a major reduction in the ratoon
is realized.
Since the first ratoon
accounts for approximately 30 percent of
the yield from the entire cycle, this
equates to a total crop loss of 19.3
percent on those acres treated with EDB
rather than DBCP. Each subsequent year
would witness a similar yield loss,
although the specific 5,000 acres would
vary according to the phase of the
cycle.
It has been assumed that the entire
loss in yield is noted in the first and
second ratoon.
If, however, some of
this loss occurs in the plant crop, then
year 2 could witness some yield loss.
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By year 3, and thereafter, regardless
of whether the reduced yield is all or
primarily in the ratoon, the yield loss
estimate remains as calculated.
The above estimated production loss
if EDB is used on acres currently
treated with DBCP begins the third year
after
cancellation
and
continues
annually thereafter. Based on the 1977
fresh market price of $100.00 per ton,
the value of pineapple production could
correspondingly decrease almost $5.8
mulion.
In addition, substitution of
EDB for DBCP would increase the cost
of nematode control to the grower by
approximately $200,000 annually ($90
per acre EDB cost - $50 per acre DBCP,
savings times 5,000 acres).
This
increase in cost would begin the first
year of cancellation.
Consumer Impacts
the

Economic theory suggests that
reduced pineapple output would

eventually lead to higher grower and
retail prices.
It is not possible to
estimate these price increases, however, because grower and retail price
elasticities of demand for pineapples
are not published.
The picture is
further clouded by the oligopolistic
nature
of the
Hawaiian
pineapple
industry.
There are three pineapple
processors and only a limited number
of growers.
In addition, two of the
three major growers are also processors.
If the Hawaiian pineapple
industry attempted to raise prices,
they would have to be aware of increased
competition
from
foreign
sources and from other fruits. To the
extent that prices would be raised,
the impact on growers would be less
than the $5.8 million estimated using
current prices.
Any increase in
consumer prices resulting from an
increase in producer prices would
mean that consumers would be paying
more for less product.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PINEAPPLES
A.

USE:

Pineapples.

B.

MAJOR PESTS CONTROLLED:

Root-knot nematode and renlform nematode.

C.

ALTERNATIVES:
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Major registered chemicals

EDB.

State recommendations:

DBCP, EDB, DD, and Telone«.

Nonchemical controls:

None.

Efficacy/performance:

DBCP usually applied with DD. Only DBCP and EDB will control reniform
nematode. Substitution of EDB for DBCP will result in approximately a
9-percent yield loss to the Hawaiian pineapple industry (approximately
19 percent on the affected 46 percent of total acreage).

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PINEAPPLES (continued)
C,

ALTERNATIVES: (continued)
(k)mparatlve costs:

Mater I a I
Acres
Treatment
Rate
cost
treated
material (lb/acre)* ($/acre)* annual Iy**
DBCP-DO
60.5
50
5,000
EDB-DD
60
90
5,000
* Does not Include ÜD.
** Four-year rotation assumed.

Annual
Total
Acreage
material projected grown
cost*($) acres**
(1977)
20,000
43,000
250,000
43,000
450,000
20,000

Conclusions:

DBCP Is the least costly and most effective pesticide for controlling a
wide spectrum of nematodes.

D.

E)aENT OF USE:

Approximately 300,000 pounds per year. At an application of 5 gallons
(60.5 lb a. I.) per acre, this allows for treatment of 5,000 acres per
year providing control on 20,000 acres (4-year rotation).

E.

ECONOMIC IMPACTS:
Short term
Treatment
Total
differential
cost*
Production
(5,000
(20,000
as percent of
Value
of pro^
tota1 va 1ue
Treatment
acres
protected)
annually) acres**
duct ion** Total of production
mater 1a 1
$ 000
$ 000
$ 000
Tons
—
—
250
298,995
29,931
DBCP-DD
—
—
24,138
450
241,125
EDB-DD
9.3 pet
5,993
200
57,870
5,793
Differential1
* Beginn!ing first year after cancelNation.
** Begînnlíng third to fourth year after cancellation
(First and second ratoon. If any), annual I y thereafter.
Long term
Approximately $6 million per year (1976 dollars), beginning the third
and fourth year after cancellation, unless a satisfactory DBCP substitute is registered for use.
Market, consumer:

F.

METHOD OF APPLICATION:

Because of the oligopolistic nature of the Hawaiian pineapple industry,
specific information with respect to price and price elasticity is not
readily available. It would be expected, however, that in the long run
at least, a portion of the 9.3 percent income loss projected above
would be passed along to the consumer In the form of consumer prices
that could increase by as much as 9.3 percent.
Since pineapples
constitute a negligible portion of per-caplta food expenditure, a rise
in prices of this nature would be Insignificant at the consumer level.
Applied in liquid form by injection
The DBCP is injected into the soil
plastic film laid over the soil
shanks, sealing the fumigant in the

8 to 12 inches below tlie surface.
by a closed pumping system, with a
immediately behind the injection
bed.
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ECONOMIC ANALYSIS OF DBCP USE ON SOYBEANS

Methodology and Assumptions
The estimated short-run economic
impact of a DBCP cancellation on
soybeans was based on the following
procedures and assumptions:
(a) DBCP is applied once during
the
growing
season,
generally at
planting time.
(b) U.S. 1974-76 harvested soybean
acreage was used as a base for the
analysis.
(c) The base acreage treated with
DBCP was estimated by the DBCP
assessment team to be 5 percent of
the harvested soybean acreage in the
affected States.
This was based on
the application rate per acre for DBCP,
estimated quantity of DBCP used in 1976,
and soybean acreage in the affected
States (217, pp. 56-57).
(d) Alternative methods of nematode
control were specified by the DBCP
assessment team.
In making these
determinations, product labels. State
recommendations,
efficacy
of
the
alternative nematicides, and treatment
costs per acre were considered.
D-D®
and Telone® were assumed to replace
DBCP where cyst and root-knot nematodes are a problem, except in North
Carolina, Virginia, and Maryland where
Mocap® and Nemacur® 15G are effective
against
root-knot
and
other
nematodes.
(e) The price for alternative nematicides would not change and sufficient
quantities would be available.
(f) D-D® and Telone® need to be
applied 1 to 3 weeks before planting.
This additional field operation was
estimated to cost $3.00 per acre.
(g) The study area included the
mid-Atlantic,
Southeast,
and
Delta
(including Kentucky, Missouri, Oklahoma, and Tennessee) regions.
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(h) Partial budgeting techniques
were used to estimate the short-term
impact of a DBCP cancellation.
Area of Use
DBCP was used on an estimated 5
percent of the soybean acreage in the
mid-Atlantic,
Southeast,
and
Delta
regions in 1977.
Cyst nematodes are
the primary problem in the Delta region
and in the western parts of Kentucky
and Tennessee, southeast Missouri, and
eastern Oklahoma. Root-knot and other
nematodes are the primary problems in
the Mid-Atlantic and Southeast regions
(table 29).
User and Consumer Impacts
If DBCP is canceled, it is estimated that annual production costs, on
the 1.1 mulion affected acres, would
increase $23.5 million—about $21.00 per
acre (table 29).
The additional cost for the alternative nematicides used to replace DBCP
is about $20.4 million.
Application
costs
would
increase
$3.1
million
because the alternative liquid fumigants
need to be applied 1 to 3 weeks prior to
planting, which necessitates a separate
field operation at $3.00 per acre.
In
those States where granular nematicides
were assumed to replace DBCP, no additional application cost was considered
because the granular nematicides are
applied at planting time.
Production losses could occur when
the liquid alternatives are used to
replace DBCP.
The need for applying
them in a preplant operation can
cause drying out of the soil prior to
planting, thus reducing yields.
Also,
experimental plot research indicates
that liquid alternatives are somewhat
less effective than DBCP for certain
nematodes.
But nematologists on the
DBCP assessment team indicated that
research data on efficacy of the alternative nematicides were sketchy and that

Table 29.—Economic impact of a possible cancellation of DBCP on soybean
Primary
nematode
problem
by State

1974-76
Harvested
acres 1^
1,000

Cysti^
Delta:

Arkansas
4,400
Kentucky
1,150
Louisiana
1,930
Missouri
4,340
Oklahoma
232
Tennessee
1,720
13,012
Total
Root-knot and others^/
Mid-Atlantic:
Maryland
304
North Carolina
1,310
Virginia
420
Southeast:
Alabama
1,180
Florida
280
Georgia
1,070
Mississippi
2,960
South Carolina
1,270
Total
8,794
All States
22,606

CO

Acres
treated
with

DBCPI/

Nematode control cost
With alternative nematicides
With
AppliDBCP
Materials
cation A^ Total

1,000

Change in
production
cost without DBCP

Change in
treatment
cost per
acre
Dollars

-1,000 dollars

222
58
97
217
12
86
692

1,776
464
776
1,736
96
688
5,536

6,660
1,740
2,910
6,510
360
2,580
20,760

666
174
291
651
36
258
2,076

7,326
1,914
3,201
7,161
396
2,838
22,836

5,550
1,450
2,425
5,425
300
2,150
17.3Ü0

25.00
25.00
25.00
25.00
25.00
25.00
25.00

15
66
21

90
396
126

150
660
210

—
—
—

150
660
210

60
264
84

4.00
4.00
4.00

59
14
54
148
64
441
1,133

354
84
324
888
384
2,646
8,182

1,180
280
1,080
2,960
1,280
7,öüü
28,560

177
42
162
444
192
1,017
3,093

1,357
322
1,242
3,404
1,472
8,817
31,653

1,003
238
918
2,516
1,088
6,171
23,471

17.00
17.00
17.00
17.00
17.00
14.00
20.72

y Source (211).
2_/ Estimated by DBCP assessment team to be 5 percent of the harvested soybean acreage in the affected States,
3^/ D-D® or Telone* must be applied 1 to 3 weeks before planting compared with DBCP, which can be applied at
planting time. This necessitates an additional field operation, which was assumed to cost $3.00 per acre.
4^/ For cyst nematodes, it was assumed that one gallon (12.1 lb a.i./gal) of DBCP would be applied per acre.
Alternatives D-D® and Telone® would be applied at the rate of 12 gallons (10 lb a.i./gal) per acre. Costs per
gallon are as follows: DBCP - $8.00; D-D® and Telone® - $2.50.
5^/ For root-knot and other nematodes, it was assumed that 3/4 gallon (12.1 lb a.i./gal) of DBCP would be
applied per acre. Alternatives D-D® and Telone® at a rate of 8 gallons (10 lb a.i./gal) were assumed to be used
in S.C., Ga., Fla., Ala., and Miss. The granular materials, Mocap® lOG and Nemacur® 15G, at an application rate
of 2 lb a.i. per acre were assumed to be used on 75 percent and 25 percent, respectively, of the acreage previously treated with DBCP in N.C., Va., and Md. Cost for materials is as follows: DBCP-$8.00 per gallon, D-D®
and Telone®-$2.50 per gallon, Mocap® 10G-$0.50 per pound, and Nemacur® 15G-$0.75 per pound.

Table 30.—Per-acre returns to land and management for soybean in the Delta and
Southeast regions, 1977
Item
Yield per acre (bushel) —
1974-76 season average priced./
Gross returns
Production costs per acre,
excluding land and management.J.^
Returns to land and management
IJ Source:
2/ Source:

Delta

Southeast

22.9
$6.29
144.04
87.36

23.2
$6.29
145.93
98.91

56.68

47.02

(224).
(208).

observations of crops grown in the field
indicated that yields were close to
equal. Therefore, the impact on soybean
growers with specific nematode problems
effectively controlled with DBCP is
understated.
The granular nematicides
were assumed to be as effective as DBCP,
with no change in yields,
in the
mid-Atlantic region.
Soybean production costs per acre
would increase an estimated $25 in the
Delta, $17 in the South, and $4 in
the mid-Atlantic region if DBCP use is
canceled (table 29).
Returns to land
and management are $57 per acre in the
Delta and $47 per acre in the Southeast
(table 30). Thus, the loss of DBCP to

soybean producers would result in a
44-percent reduction in returns in the
Delta and a 36-percent reduction in
returns in the Southeast. Those farmers
with a severe nematode problem might be
forced to shift to other crops currently
less profitable than soybeans produced
with DBCP.
Also, farmers who have
recently purchased land or who have
mortgages for new equipment may find it
difficult to repay their loans.
In any
event, soybean producers affected by
the cancellation wül earn a lower
return on their fixed resources and bear
most of the short-run impact.
In the
longer term, as adjustments are made,
some of this impact would be shifted to
consumers.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON SOYBEANS
A.

USE:

Soybeans.

B.

MAJOR PESTS CONTROLLED:

Root-knot and other nematodes.

C.

ALTERNATIVES:
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Major registered chemicals:

D-D®, Te I one®, Mocap®, and Nemacur®.

Nonchemlcal controls:

None.

E f fIcacy/performance:

D-D® and Te I one® will replace DBCP to control cyst and root-knot
nematodes, except In North Carolina, Virginia, and Maryland where
Mocap® lOG and Nemacur® 15G effectively control root-knot and other
nematodes.
The alternative nematicides are as effective as DBCP;
however, when D-D® and Telone® are used, the application must be
made 1 to 3 weeks prior to planting.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON SOYBEANS (continued)
C.

D.

ALTERNATIVES: (continued)
Comparative costs;

Root-knot and cther nematodes
Treatment
Control measure
cost/acre
DÈOP
$Ô.OÔ
tBCP
$6.ÔÔ
D^<B)*,^Hf
D-D«*
33.00
23.00
23.00
Telone«*
33.00
Te lone«*,**
20.00
Mocap« lOG***
Nemacur® 15G***
20.00
* Includes additional $3.00 per acre field operation cost.
** Used in South Carolina, Georgia, Florida, Alabama, and Mississippi,
*** Used in North Carolina, Virginia, and Maryland.

Conclusions:

DBCP is the least costly
nematodes in soybeans.

Cyst nematodes
Treatment
Control measure
cost/acre

pesticide

to

control

cyst

and

root-knot

EXTEHT OF USE:
Active Ingredient applied
and acres treated:

Pest
Cyst nematodes.*

State
Arkansas
Kentucky
Louisiana
Missouri
Oklahoma
Tennessee
Total

Acres treated/ye ar
(000)

222
58
97
217
12
86
392

Pounds a.1. applied/year
(000)
2,686.20
701.80
1,173.70
2,625.70
145.20
1,040.60
S;373.20

535.72
59
Alabama
14
127.12
Florida
54
490.32
Georg 1 a
136.20
15
Maryland
1,343.84
148
Mississippi
599.28
66
North Carolina
64
581.12
South Carol Ina
21
190.68
Virginia
441
4,004.58
Total
12,377.48
A1 1 States
1,133
* DBCP applied at rate of 1 gallon (12.1 lb a.i.) per acre.
** DBCP applied at rate of 3/4 gallon (12.1 lb a.i.) per acre.

Root-knot and
others.**

E.

ECONOMIC IMPACTS:
User:

Economic impacts are limited to increased nematode control costs.
Short term

Acres treated with DBCP
Nematode control
cost with DBCP.
Nematode control
with alternatives:
Mater I a I s
AppIi cat i on
Total

Cyst
nematodes
692,000
$5,536,000

20,760,000
2,076,000
22,836,000

17,300,000
Change In production
cost without DBCP.
Change In treatment cost per acre $25.00

Root-knot and
other nematodes
Total
1,133,000
441,000
$2,646,000
$8,182,000

7,800,000
1,017,000
8,817,000

28,560,000
3,093,000
31,653,000

6,171,000

23,471,000

$14.00

$20.72

Long term
Approximately $23.5 million per year (1977 dollars) after cancellation
until a satisfactory DBCP substitute Is registered for use.
Market» consumer:

All or part of the Increased costs of soybean production may be passed
on to the consumer in terms of higher prices; however, the actual price
increases will be extremely small since the increased production costs
represent only 0.25 percent of the total value of 1976 U.S. soybean
production (1976 value of soybeans grown for beans in the United States
was $9,254,208,000).
Both short-term and long-term consumer impacts
are therefore negligible.
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ECONOMIC ANALYSIS OF DBCP USE ON COTTON
Methodology and Assumptions
The estimated short-run economic
impact of a DBCP cancellation on cotton
is based on the following procedures and
assumptions:
(a) U.S. 1974-76 average planted
acreage and yield per planted acre were
used as a base for the analysis.
(b) The acreage treated with DBCP
was estimated by the DBCP assessment
team using published data and their
knowledge of nematicide use patterns on
cotton (217, p. 70).
(c) The prices of the alternative
nematicides would not change and they
would be available in sufficient quantities for the DBCP-treated acreage in
the Cotton Belt.
(d) Alternative
nematicides
and
their usage rates were specified by the
DBCP assessment team. The alternatives
used were assumed to be those most
viable if DBCP were not available.
In
making these determinations, product
labels. State recommendations, efficacy
of the alternative nematicides, and
treatment cost per acre were considered.
The most viable registered alternatives
are EDB, Telone® II, and D-D®; however,
EDB is currently undergoing RPAR
review.
(e) The price of cotton lint was
52.7 cents per pound (1974-76 average
producer price) (208).
(f) The price of cotton seed was
$112.00 per ton
(average
1974-76
producer price) (208).
(g) Partial budgeting techniques
were used to estimate the short-term
impact of DBCP cancellation.
(h) It was assumed that yield per
acre would be the same for DBCP and
the alternative nematicides.
They are
equally effective under ideal conditions
for soil fumigation, but under less
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desirable conditions, crop losses might
occur.
Area of Use and
Current Use Practices
DBCP is applied throughout the
cotton-producing States on acres where
nematode infestations are of economic
importance. Information was not available to delineate specific areas of
nematode infestation. The primary nematode causing crop loss in cotton is
the cotton root-knot nematode.
Other
nematodes causing significant crop loss
in cotton are lance, sting, reniform,
and stunt.
DBCP is applied to control these
nematodes.
It is applied pre plant, at
planting, and postplant.
It is most
commonly applied preplant.
Normal
application rate is one gallon per acre
(12.1 lb a.i. per gal) (217, p. 66).
Current DBCP Use
The annual use of DBCP on cotton
is about 2.7 mulion pounds of active
ingredient per year applied at a rate of
12.1 pounds per acre; this is sufficient
to treat 225,000 acres annually (217,
p. 70).
Alternatives to DBCP
The most viable registered alternatives to DBCP are EDB, Telone® II,
and D-D®. Experimental research indicates that under ideal conditions the
alternatives are as effective as DBCP
in controlling nematodes on cotton. At
current prices, DBCP costs about $8.00
per acre (1 gal at $8.00/gal), EDB is
$13.75 per acre (2.5 gal at $5.50/gal),
Telone® II is $20.00 per acre (5.0 gal
per acre at $4.00/gal), and D-D® is
$21.25 per acre (8.5 gal per acre at
$2.50/gal).
Because of phytotoxic
effects of the alternatives, planting
would have to be delayed about 10 to 14
days after the application of an alternative fumigant (217, pp. 66-67). The
granular nematicides are not effective

Table 31.—Economic evaluation of DBCP cancellation on cotton
Nematicide

Acres
treatedi.^

Gallons
Cost of
applied
Cost per DBCP
per acre j.^ acre j.^ applied

i.c100 acres

Cost of
Added cost to
alternatives agriculture i.^
-Million dollars-

DBCP

225.0

1.0

$8.00

Alternatives
to DBCP:
D-D»
Telone» II
EDB

108.0
85.5
31.5

8.5
5.0
2.5

21.25
20.00
13.75

1.0

2.3
1.7
0.4
Total

2.6

V The number of acres treated with DBCP and the distribution of this acreage
among the alternative nematicides were based on the current distribution of the
alternatives as reported in (164).
21 The application rates for the alternatives were specified by the DBCP assessment
team.
_3/ Based on farmer costs of $8.00 per gallon for DBCP, $2.50 per gallon for D-D®,
$4.00 per gallon for Telone® II, and $5.50 per gallon for EDB.
4/ This assumes no decrease in yield with the shift to alternative nematicides.
against all nematodes infesting cotton,
and therefore are not considered to be
viable alternatives.
User and Consumer Impacts
There is limited research information on yield effects of using DBCP and
the alternative fumigants against the
cotton root-knot nematode, the nematode
primarily responsible for damage to
the cotton crop. Experimental research
indicated that under ideal conditions
the cotton yield was not affected by
substituting EDB, Telone® II, or D-D<8>
for DBCP. Under less than ideal conditions, yields would be reduced; but
there were no data to indicate the
magnitude of the reductions.
Therefore, for this study, the
assumption was made that yield per acre
would not be reduced with a shift to
alternative nematicides.
The effect of the assumption of
no yield change limited the economic
analysis to cost of production changes

with the alternative nematicides.
To
the extent that use of alternative
nematicides results in yield decreases,
the estimated economic impact of the
loss of DBCP is understated.
The cost of alternative nematode
control programs was estimated at $2.6
million (table 31).
This would have a
small impact on the cotton industry,
where total farm value of the cotton
crop had a value of $3.1 billion in 1976
(208).
The additional cost of the
alternative nematicides could be enough
to force some marginal producers out
of production; however, the marginal
producer is not likely to be using
DBCP due to its impact on the cost
of production and the benefits of
DBCP use not being readily observed.
This would not be expected to have a
significant
impact
on
total
cotton
production or on price to the consumer.
The increased quantities of
alternative nematicides
applied
may
result in increased cost of container
disposal, which was not considered in
this analysis.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON CX)TTON
A.

USE:

DBCP use as a fumlgant on cotton.

B.

MAJOR PESTS CONTROLLED:

Cotton root-knot nematode Is the primary nematode causing crop loss In
cotton. Other nematodes causing significant crop loss In cotton are
lance, sting, renlform, and stunt.

C.

ALTERNATIVES:
Major registered chemicals:

EDB, Te I one« II, and D-D«.

Nonchemlcal controls:

None.

Efficacy/Performanee:

Experimental research Indicated that under Ideal conditions the alternatives are as effective as DBCP In controlling nematodes on cotton;
however, under less than Ideal conditions yields would be reduced.

Comparative costs:

Cïontrol measure
DBCP
D-D«
Telone« 1 1

Conclusions:

DBCP Is the least costly pesticide for controlling a wide range of
nematodes In cotton.

D.

EXTEHT OF USE:

The annual use of DBCP on cotton Is about 2.7 million pounds of active
Ingredient per year. Applied at a rate of 12.1 pounds per acre, this
Is sufficient to treat 225,000 acres annually.

E.

ECONOMIC IMPACTS:

Analysis limited to short-run Impacts of DBCP cancellation.

User:

Treatment cost per acre*
$8.00
$24.25
$23.00
$16.75
EDB
* This Includes a $3.00 per acre cost for additional field operations
that must be performed when D-D«, Telone« 11, or EDB Is used.

The economic Impacts are limited to Increased nematode control costs.
Short term
Cost of Cost of
DBCP
Cost per
Acres
Net cost to
alteracre
appiled natives aqr I culture
Treatment
treated
($000)
(000)
mater Ia 1
($)
($000)
($000)
8.00
1,800
225.0
DBCP
Alternatives:*
2,300
108.0
21.25
D-D«
20.00
1,700
85.5
Te 1 one« 1 1
400
13.75
EDB
31.5
2,600
1,800
Total
* The number of acres on which the alternatives would be used were
estimated by the USDA DBCP assessment team.
Long term
Approximately $2.6 million per year (1977 dollars) after cancellation
until a satisfactory DBCP substitute Is registered for use.
This Is
approximately 0.1 percent of the value of the cotton crop.

Consumer, market:

The cost of alternative nematode control programs was estimated at $2.6
million. This would have a minimal Impact on the cotton Industry where
1976 total farm value of the cotton crop had a value of $3.1 billion.
This relatively minor production cost Increase, even If passed on to
the consumer, would not be expected to have a significant Impact on
consumer cotton price, either In the short term or long term.

F,

METHOD OF APPLICATION:

DBCP Is applied at planting time with chisel Injection Into the soil at
a depth of 6 to 10 Inches. The normal application rate Is one gallon
per acre (12.1 lb a.I./gal).

G.

LIMITATIONS OF ANALYSIS:

Under less than Ideal conditions, the cotton yield would be negatively
affected by substituting EDB, Telone« or D-D« for DBCP; however, for
purposes of this study, the assumption was made that yield per acre
would not be reduced with a shift to alternative nematleides.
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ECONOMIC ANALYSIS OF DBCP USE ON PEANUTS
Methodology and Assumptions
The estimated short-run (one year)
economic impact of a possible DBCP
cancellation on peanuts was based on the
following procedures and assumptions:
(a) U.S. 1974-76 planted acres,
yield per planted acre, and price
received by farmers were used in this
analysis.
The 3-year average price
received by farmers for peanuts was 19.2
cents per pound.
(b) The prices of alternative nematicides would not change and the alternatives would be available in sufficient
quantities for use on the DBCP-treated
peanut acreage.
(c) Alternative
nematicides
and
their usage rates were specified by the
DBCP assessment team.
These alternatives were assumed to be most viable
if DBCP were not available. In making
these determinations, product labels.
State recommendations, efficacy of the
alternative nematicides, and treatment
costs per acre were considered (217).
(d) DBCP is applied annually at
planting time by chisel injection into
the soil.
(e) An application cost of $3.00
per acre was assumed for alternative
fumigants because they must be appplied
in a separate field operation prior
to planting.
An exception is for the
use of the EDB formulation (Soilbrom®
90EC) in Alabama, Florida, and Georgia,
where a special local need registration
permits application at planting time.
(f) Partial budgeting techniques
were used to estimate the short-term
impact of DBCP cancellation.
Area of Use and
Current Use Practices
DBCP is used to control nematodes
in all peanut-producing States except
New Mexico.
Generally, nematodes are

not a significant problem on peanuts
in New Mexico.
The primary nematode
species varies among peanut-producing
regions.
The nematodes affecting
peanuts are the endoparasitic (northern
root-knot and peanut root-knot) and the
ectoparasitic (lesion, sting, ring, and
stubby-root) species. The endoparasitic
species feed internally in the roots,
pegs, and pods, and the ectoparasites
feed externally on the roots, pegs, and
pods.
The ectoparasitic species are
controlled relatively easily with the
fumigants or granular (contact) nematicides.
The endoparasitic species are
controlled relatively easily with fumigants but are more difficult to control
with granular (contact) nematicides.
Therefore, the choice of alternative
nematicides to replace DBCP is influenced by the nematode species that
predominates in any area.
Current DBCP Use
DBCP is generally applied by chisel
injection 6 to 8 inches below the soil
surface at planting at a rate of 9
pounds active ingredient (a.i.) per
acre (217, p. 76).
Approximately 3.2
million pounds a.i. of DBCP are used
annually on peanuts to treat approximately 355,000 acres. A Doane survey
indicated that about 175,000 acres were
treated with DBCP in 1974 (53). Since
1974, DBCP use has increased on peanuts.
Alternatives to DBCP
There are several good registered
alternatives to DBCP.
DBCP is efficacious against all peanut nematode
species under all moisture conditions;
however, the registered alternatives are
less efficacious against some or all
nematode species, are less efficacious
under some soil moisture conditions, or
they are more costly to use. Soilbrom®
90EC (a new EDB formulation) is registered (24c Special Local Need) for use
at planting in Alabama, Florida, and
Georgia.
Research data from North
Carolina (1975) and Alabama (1979)
indicate comparable yields with either
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Soilbrom® 90EC or DBCP under most soil
conditions.
The alternative fumigants are EDB,
Telone® II, D-D®, and Soilbrom® 90EC;
however, EDB is currently undergoing
RPAR review. At current prices, DBCP
costs about $6.00 per acre (3/4 gallon
at $8.00/gal), EDB costs $13.75 per acre
(2.5 gallons at $5.50/gal), Telone® II
costs $24.00 per acre (6 gallons at
$4.00/gal), D-D«> costs $25.00 per acre
(10 gallons at $2.50/gal), and Soilbrom®
90EC costs $8.50 per acre (1 gallon
at $8.50/gal).
Because of phytotoxic
effects on the emerging plant, the
alternative fumigants, except Soilbrom®
90EC, are applied 10 to 14 days before
planting, in a separate field operation,
compared with DBCP, which is applied
at planting time.
The best registered
granular alternatives to DBCP are

Furadan*, Dasanit®, and Mocap®.
granular nematicides cost about
per pound a.i., and application
vary from 2 to 3 pounds a.i. per
They are applied at planting time,
DBCP.

The
$7.00
rates
acre.
as is

User Impacts
The total grower impact due to the
cancellation of DBCP use on peanuts
would amount to $6.8 million—$5.0 million in production losses and increased
nematode control costs of $1.8 million
(table 32). The greatest impact would
occur in the Southern Plains, with
increased nematode control costs and
revenue loss estimated at $3.3 million.
The impact in the mid-Atlantic region
was estimated at about $2.1 million,
followed by the Southeast at $0.7
million.

Table 32.—Annual economic impact of the cancellation of DBCP use on peanuts
Region
and
State
Southeast
Alabama
Florida
Georgia
Mississippi
Total
Mid-Atlantic
N. Carolina
S. Carolina
Virginia
Total
Southern Plains
Oklahoma
Texas
Total
All regions

\l
2^/
3^/
AJ
_5/
6/
76

Acres ][ncrease in Value
treated nematode of pro- Decrease in grower revenue
Acres
planted
with
duction
control
loss i.'
Per acre ÈJ
1974-76 1.1 DBCPI' cost 1'
Total 11
1 ,000 dollars
Dollars
208,600
64,000
523,700
8,333
804,633

114,700
32,000
104,720
4,583
256,003

286.8
80.0
261.8
44.3
672.9

0
0
0
98.7
98.7

286.8
80.0
261.8
143.0
771.6

2.50
2.50
2.50
31.20
3.01

167,700
16,000
104,000
287,700

33,540
1,600
20,800
55,940

268.4
12.8
166.4
447.6

920.9
32.3
679.0
1,632.2

1,189.3
45.1
845.4
2.079.8

35.46
28.19
40.64
37.20

121,600
308,700
430,300

12,160
30,870
43,030

182.4
515.4
697.8

1,238.5
2,054.2
3,292.7

1,420.9
2,569.6
3,990.5

116.85
83.24
92.74

1,522,633

354,973

1,818.3

5,023.6

6,841.9

19.27

1974-76 average. Source: (211).
Taken from table 34, column 3.
Taken from table 34, column 11.
Taken from table 35, column 12.
Column 3 plus column 4.
Column 5 divided by column 2.

On a per-acre basis, the greatest
impact would occur in Oklahoma, where
the increase in nematode control costs
and decrease in revenue, because of
lower yields, would amount to about $117
per acre (table 32).
For the midAtlantic region, the range would be from
$28 to $40 per acre. In the Southeast,
the impact would decrease grower's
returns between $2 and $31 per acre.
The shift to alternative fumigants to
replace DBCP would present the growers
with
greater
container
disposal
problems, because application rates per
acre are higher, and therefore more
material would have to be handled.
Also, some growers may have to purchase
equipment for application of granular
materials.
The increased cost of container disposal or purchase of equipment
was not estimated.
In the Southeast, the endoparasitic
root-knot nematode is the major problem.
This nematode, which feeds within the
roots, is more difficult to control than
the ectoparasitic nematodes.
Alternative fumigants (EDB, DD, Telone® II,
or Soilbrom® 90EC) would be required on
a portion of the peanut acreage to
control these nematodes (51, 152, 182).
The use of alternative fumigants, except
Soilbrom® 90EC, requires a 10-day to
14-day planting delay to reduce the
phytotoxic effects on the peanut plant.
If planting is delayed beyond May 1,
yield losses can be expected to occur.
Agricultural researchers at the University of Georgia estimated that a
delay in planting from May 1 to June 1
would result in yield losses of 20
percent (110).
For this report, it was assumed
that the production loss relationship
with respect to time was linear. Thus,
for each week of delay in planting, it
was assumed that peanut yields would
decrease 5 percent. A weighted average
yield loss was calculated based on the
percentage of the crop planted during
each week. For Mississippi and Texas,
reduction in yield per acre from a delay
of 2 weeks in planting was estimated to
be 8 percent (table 33).

Agricultural researchers estimated
that in Alabama, Florida, and Georgia,
the peanut crop currently treated with
DBCP would be treated with Soilbrom®
90EC (table 34).
For Mississippi,
researchers estimated that 60 percent of
the peanut crop currently treated with
DBCP would be treated with EDB, and 40
percent would be treated with granular
nematicides.
It was estimated that the
use of granular nematicides (Furadan®
and Nemacur®) would result in about a
7.8 percent yield loss (table 35).
The ectoparasitic nematodes that
feed on the root are the major nematode
problem in the mid-Atlantic region.
Granular nematicides are fairly effective against
ectoparasitic
nematodes
because their mode of action is by
contact; however, it was estimated that
yields would be reduced about 6 percent
(table 35).
Nematode control costs
would increase about $8.00 per acre
if granular nematicides were used to
replace DBCP.
Nematode problems in Oklahoma and
Texas are somewhat different from the
other States and vary depending on
soil type and moisture conditions.
In
irrigated
areas,
granular
(contact)
nematicides may be used to replace
DBCP, with yield losses estimated at
6 percent (table 36). These areas have
sandy soils, and irrigation ensures an
adequate moisture supply to activate
the granular materials. On the heavier
soils in Texas, fumigants may be used
to replace DBCP because granular nematicides are less effective.
Yield losses
in these situations are estimated at 8
percent (table 36).
A portion of the peanut acreage in
Oklahoma and Texas is on sandy soils
without irrigation, and where moisture
for crop production is critical.
These
sandy soils
drain
rapidly,
leaving
the upper levels dry in most years.
Peanuts and alfalfa, with deep tap root
systems, are the only crops that can be
grown on these soils; however, moisture
levels are usually not adequate to
produce a profitable stand of alfalfa.
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Table 33.—Effects of delayed planting on peanut yields if DBCP is not available
for nematode control in Mississippi and Texas
Week
based on
1976 dates

With DBCP available
Acreage planted Index of yield
during week U by planting dates U

Alternative fumigants
Acreage planted
Index of yield
during week j.^ by planting date U

■PercentApril
05-11
12-18
19-25
26-02
May
03-09
09-16
17-23
24-30
31-06
June
07-13
Total
Decrease in
yield index.

8.0
32.5
12.5

100
100
100

18.0
10.5
7.0
11.5

95
90
85
80

100

i/94.7

8.0

100

32.5
12.5
18.0
10.5
7.0

95
90
85
80
75

11.5
100.0

70
1/87.1

i^8.0

IJ Average 1975-76 planted averages based on information from (218).
21 Based on research by McGill (110), which indicated that if planting was
completed by May 1, there could be no yield losses, whue delaying planting until
June 1 would result in a 20-percent yield loss.
For this study, a linear loss
relationship of 5 percent per week of planting delay was assumed starting with the
first week of May.
^/ When alternative fumigants are used to replace DBCP, planting is delayed about
2 weeks to avoid phytotoxic effects of these materials. The average 1975-76 percent
of acres planted was shifted to reflect this 2-week delay.
4^/ Weighted average yield index by acres planted during week with DBCP available.
5^/ Weighted average yield index by acres planted during week with alternatives for
DBCP.
6J Estimated percent decrease in peanut yields due to planting delays without DBCP
available.
Peanuts are the only remaining crop that
can be dependably grown in these areas.
Without peanuts, the alternative would
be to convert the areas to grassland,
but with limited carrying capacity to
prevent overgrazing.
The use of alternative fumigants
would require working the sou 1 to 2
weeks prior to planting the peanut crop
to avoid the phytotoxic effects of these
fumigants. The early working of these
sandy soils would result in the loss of
soil moisture.
The soil moisture loss
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could result in an estimated 50 percent
crop yield reduction (168).
In addition, the topsoil would be subject to
wind erosion due to the drying effects
of early tillage.
Therefore,
the
alternatives to DBCP in these areas
would be the granular nematicides with
an estimated yield loss of 43 percent
(table 36).
Peanut growers in Oklahoma and
Texas could suffer severe impacts,
which may, in the long run, force them
out of business.
Time constraints and

Table 34.—Increase in nematode control costs if alternative nematicides are used to replace DBCP on peanuts
With DBCP
Region
and
State

Acres
planted

1/

Southeast
Alabama
208,600
Florida
64,000
Georgia
523,700
Mississippi
8,333
Total
804,633
Mid-Atlantic
N. Carolina
167,700
S. Carolina
16,000
Virginia
104,000
Total
287,700
Southern Plains
Oklahoma
121,600
Texas
308,700
430,300
Total
AH regions

1,522,633

Percent
of acresÎ Acres Control
treated treated costs
21
11
55
50
20
55
32

114,700
32,000
104,720
4,583
256,003

$1,000
688.2
192.0
628.3
27.5
1,536.0

20
10
20

33,540
1,600
20,800

201.2
9.6
124.8

55,940

335.6

Distribution of UBCP acreage by alternative
Increase in
nematicide category
nlematode
Granular
Fumigant
control
Percent
Percent
costs
of acres Acres
Control
of acres> Acres Control without
treated treated
costs
treated treated costs
DBCP
4/
4/
8/
I!
11
11
11
$1,000
—
—
—

40
1

1,833
1,833

25.7
25.7

100
100
100
100

33,540
1,600
20,800

469.6
22.4
291.2

12,160
20,000
32,160

255.4
420.0

89,933

10
10
10

12,160
30,870
43,Ü3Ü

73.0
185.2

258.2

100
65
75

23

354,973

2,129.8

25

55,940

100
100
100
60
99

114,700
32,000
104,720
2,750
254,170

$1,000
975.0
272.0
890.1
46.1
2,183.2

286.8
80.0
261.8
44.3
672.9
268.4
12.8
166.4

783.2

447.6
182.4
515.4

675.4

35
25

10,870
lü,87ü

280.6
280.6

697.8

1 ,484.3

75

265,040

2,463.8

1,818.3

1/ 1974-76 average. Source: (211).
Y/ Based on data compiled bv the State Research and Extension Peanut Disease Loss Committee (217, p. 76).
7/ DBCP cost based on 3/4 gallon per acre (12.1 lb a.i./gal) at $8.00 per gallon or $6.00 per acre.
T/ The distribution of the DBCP-treated acreage between the alternative nematicide categories was made by the
DB"CP assessment team based on their knowledge of nematode infestations, efficacy of the alternative nematicides,
and treatment costs per acre.
5/ Acres treated with DBCP (column 3) times the percent of acres treated with granular nematicides.
"B"/ Granular nematicide costs were based on an application rate of 3 pounds a.i. per acre in Oklahoma and Texas
an"a 2 pounds a.i. per acre in the remaining States. Granular materials cost $7.00 per pound a.i., giving a cost
of $21.00 per acre in Oklahoma and Texas and $14.00 per acre in the remaining States.
7/ Acres treated with DBCP (column 3) times the percent of acres treated with fumigants.
"8"/ Control costs for Mississippi were estimated at $16.75 per acre: $13.75 for EDB (application rate of 2.5
gallons per acre at $5.50 per gallon) plus $3.00 for field application (DBCP is applied at planting and EDB
needs to be applied preplant, requiring a separate field operation). Control costs for Texas were estimated at
$25.81 per acre based on an acreage distribution of 15 percent EDB (2.5 gallons per acre at $5.50 per gallon),
50 percent Telone® (6 gallons per acre at $4.00 per gallon), and 35 percent D-D® (10 gallons per acre at $2.50
per gallon) plus $3.00 for applying this material in a separate field operation.
Control costs for Alabama,
Florida, and Georgia were estimated at $8.50 per acre (Soilbrom® 90EC applied at 1 gallon per acre at planting
based on special local needs registration).
9/ Control costs with alternatives (column 7 plus column 10) minus DBCP control costs (column 4).
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Table 35.—Value of production losses if alternative nematicides are used to replace DBCP on peanuts

Region
and
State

Yield
per
acre

1/
Southeast
Pounds
Alabama
2,434
Florida
2,673
Georgia
3,146
Mississippi
1,417
—
Total
Mid-Atlantic
N. Carolina 2,382
S. Carolina 1,744
Virginia
2,838
Total
Southern Plains
Oklahoma
1,659
Texas
1,420
Total
All regions

With DBCP
Produc- Value of
tion on production
treated on treated
acres
acres
3/
11
1,000
pounds
279,253
85,536
329,449
6,494
700,732

$1,000
53,616.6
16,422.9
63,254.2
1.246.8
134,540.5

79,892
2,790
59,030
141,712

Alternative! nematicides to DBCP
Granular
Fumigant
Value
Reduc-- Yield
ProReduc- Yield Protion in
per
tion in
duc- of proper
ducyield acre
yield acre
tion
tion duction
4/
5/
6/
3/
8/
9/

y

Percent
7.8
7.8
7.8
7.8

1,000
Pounds pounds $1,000

15,339.3
535.7
11,333.8
27,208.8

20,173
43,822
63,995

3,873.2
8,413.8
12,287.0

906,439

174,036.3

—
—
—

—
—
—

1,306

2,394
2,394

459.6
459.6

6.0
6.0
6.0

2,239
1,639
2,668

75,096
2,622
55,494
133,212

14,418.4
503.4
10,654.8
25,576.6

36.0
43.0

1,128
586

13,722
11,720
25,442

2,634.7
2,250.2
4,884.9

161,048

30,921.1

—
—
—

Percent
0
0
0
8.0

Value of
loss in
producValue
tion
of pro- without
duction
DBCP
10/
11

1,000
Pound!5 pounds
$1,000
2,434 279,253
53,616.6
2,673
85,536
16,422.9
3,146 329,449
63,254.2
3,586
1,304
688.5
697,824 133,982.2

$1,000
—
—
—

98.7
920.9
32.3
679.0
1,632.2

8.0

1,969

21,403
21,403

4,109.4
4,109.4

1,238.5
2,054.2
3,292.7

719,227

138,091.6

5,023.6

1^/ Weighted average yield 1974-76 average. Source: (211). The State average yield per acre was specified as
the base by the DBCP assessment team because in most States 60 to 80 percent of the peanut acreage is treated
with DBCP or other nematicides. Also, the percent yield loss caused by nematodes is generally estimated at
between 2 and 5 percent, which would indicate that the more severely infested acreages are treated (217, p. 76).
2^/ Yield per acre times acres treated (table 34).
_3/ Based on 1974-76 weighted average price of 19.2 cents per pound. Source: (208).
4^/ Based on data compiled by the DBCP assessment team (217, pp.77-78).
For Oklahoma and Texas,
see table 36.
5^/ Yield per acre with DBCP (column 1) and percent yield loss (column 4).
6^/ Acres treated with granular nematicides, table 34, column 6 times yield per acre.
y Taken from table 33.
8^/ Yield per acre with DBCP (column 1) and percent yield loss (column 8).
9^/ Acres treated with fumigants, table 34, column 9 times yield per acre.
10/ Value of production, column 3 minus columns 7 and 11.

Table 36.—Impact on peanut yields if DBCP is not available for nematode control under varying sou moisture
conditions in Oklahoma and Texaai^
With DBCP
State
and sou
moisture
condition

Oklahoma
Limited
Adequate
Total
Texas
Limited
Adequate
Total
Regional
Total.

Acres
treated
2/

Yield
per
acre
3/

Production

With alternatives to DBCP
Granular
Fumigant
Percent
Yield
Percent
Yield
yield Acres per Producyield Acres per
loss treated acre
tion
loss treated acre
4/
5/
6/
7/
5/
6/
1,000
Pounds pounds

Pounds

1,000
pounds

10,000
2,160
12,160

1,417
2,779
1,659

14,170
6,003
20,173

43.0
6.0
36.0

10,000
2,160
12,160

808
2,612
1,128

8,080
5,642
13,722

20,000
10,870
30,870

1,028
2,140
1,420

20,560
23,262
43,822

43.0

20,000

586

11,720

43.0

20,000

586

43,030

1,599

63,995

40.0

32,160

1,145

Production

1,000
Pounds pounds

Production
loss
without
DBCP
8/
1,000
pounds
6,090
361
6,451

11,720

8.0
8.0

10,870
10,870

1,969
1,969

21,403
21,403

8,840
1,859
10,699

25,442

8.0

10,870

1,969

21,403

17,150

J_/ Adequate sou moisture conditions are defined as those areas that have sufficient rainfall or irrigation to
ensure enough moisture at planting time to activate granular nematicides. Limited soil moisture conditions are
those areas with little rainfall at planting and without irrigation available.
The adequate soil moisture areas
are southwest Oklahoma (irrigation) and southern Texas (rainfall).
The limited soil moisture areas start in
central Texas and extend northeast to south-central Oklahoma.
21 Taken from table 34, column 3.
3^/ 1975-76 weighted average yield per acre. Based on information from (200).
_4/ Based on data compiled by the DBCP assessment team (217, pp. 77-79).
^/ The distribution of the DBCP-treated acreage among granular nematicides and fumigants was made by the DBCP
assessment team based on their knowledge of nematode infestations, efficacy of the alternative nematicides, and
treatment costs per acre.
6^/ Percent yield loss times yield per acre with DBCP available (column 2).
]_l Taken from table 33.
8/ Total production with DBCP (column 3) minus total production with alternatives (columns 7 and 11).
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Table 37.—Per-acre returns to land and management for peanuts, by region

Item

Unit

MidAtlantic

Southeast

Oklahomai./
Limited
Adequate
sou moisture
soil moisture

Texaal^
Limited
Adequate
soil moisture
soil moisture

With DBCP available:
Yield per acre 21

Pounds

2,533

2,737

1,417

2,779

1,028

2,140

Gross returns 3^/

Dollars

486.34

525.50

272.06

533.57

197.38

410.88

Production costs
Dollars
per acre, excluding
land and management .£/

264.47

270.72

181.53

266.94

111.59

290.63

Returns to land
and management.

221.87

254.78

90.53

266.63

85.79

120.25

Dollars

Without DBCP available;
Decrease in producer revenue.^/

Dollars

37.20

3.01

131.93

47.06

99.86

52.64

Returns to land
and management.

Dollars

184.67

251.77

-41.40

219.57

-14.07

67.61

U See footnote 1, table 36.
21 Taken from tables 35 and 36.
Z_l Based on a producer's price of 19.2 cents per pound (table 35).
4^/ For mid-Atlantic and Southeast regions costs obtained from (224), and for Oklahoma and Texas costs obtained
from (200).
5^/ This includes increased nematode control costs and reduced revenues from lower yields. Mid-Atlantic and
Southeast, table 32. Oklahoma and Texas derived from tables 36 and 38.

Table 38.—Increase in nematode control costs with alternatives to DBCP on peanuts
With DBCP available

state
and soil
moisture
condition

Acres
treated
21

Cost
per
acre
3/

Total
cost

Dollars

$1,000

Alternative neraaticides to DBCP
Granular
Fumigant
Cost
Cost
Acres
per
Total
Acres
per
treated
acre
cost
treated
acre
11
Í.I
6/
Dollars

$1,000

Oklahoma
Limited
Adequate
Total

10,000
2,160
12,160

6.00
6.00
6.00

60.0
13.0
73.0

10,000
2,160
12,160

21.00
21.00
21.00

210.0
45.4
255.4

Texas
Limited
Adequate
Total

20,000
10,870
30,870

6.00
6.00
6.00

120.0
65.2
185.2

20,000

21.00

420.0

20,000

21.00

Regional Total

43,030

6.00

258.2

32,160

21.00

Dollars

Total
cost
$1,000

Increase
in
nematode
control
costs
$1,000
150.0
32.4
182.4

420.0

10,870
10,870

25.81
25.81

280.6
280.6

300.0
215.4
515.4

675.4

10,870

25.81

280.6

697.8

\J Adequate soil moisture conditions are defined as those areas that have sufficient rainfall or irrigation to
ensure enough moisture at planting time to activate granular nematicides. Limited soil moisture conditions are
those areas with little rainfall at planting and without irrigation available.
The adequate soil moisture areas
are southwest Oklahoma (irrigation) and southern Texas (rainfall).
The limited soil moisture areas start in
central Texas and extend northeast to south-central Oklahoma.
2^1 Taken from table 34, column 3.
2/ DBCP cost based on 3/4 gallon per acre (12.1 lb a.i./gal) at $8.00 per gallon or $6.00 per acre.
4^/ The distribution of the DBCP-treated acreage among granular nematicides and fumigants was made by the DBCP
assessment team based on their knowledge of nematode infestations, efficacy of the alternative nematicides, and
treatment costs per acre.
5^/ Granular nemticide cost based on an application rate of 3 pounds a.i./acre at $7.00 per pound a.i. or
$21.00 per acre.
^/ Fumigant costs of $22.81 per acre based on an estimated acreage distribution of 15 percent EDB - 2.5
gallons per acre at $5.50 per gallon; 50 percent Telone® II-6 gallons per acre at $4.00 per gallon; and 35 percent D-D® - 10 gallons per acre at $2.50 per gallon.
In addition, application of these alternatives would
require a separate field operation at $3.00 per acre.
CX)
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available information prevented detailed
analyses of these issues.
Initial estimates indicate that, in the limited soil
moisture areas of Oklahoma and Texas,
producer revenue might be reduced $132
per acre in Oklahoma and $100 per acre
in Texas without DBCP (table 37). This
would result in negative returns to land
and management, and producers would
need to look at alternative farm enterprises. In the other regions, producers'
returns would decrease if DBCP is not
available, but returns to land and
management would still be positive.
Additional research is needed to study

the impacts of a DBCP cancellation on
Oklahoma and Texas peanut producers.
Consumer Impacts
The information generated in this
study indicates that the loss of DBCP
would have minimum direct impact on the
consumer; most of any price increase
would be offset by a decrease in
price support payments that are paid
indirectly by consumers through taxes.
Short-term production and price impacts
probably will not be large enough to
have significant consumer impacts.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PEANLTTS
A.

USE:

DBCP ÎS used on peanuts In the Southeast, MId-AtlantIc, and Southern
Plains regions.

B.

MAJOR PESTS œNTROLLED:

Northern root-knot, peanut
stubby-root nematodes.

C.

ALTERNATIVES:

Major registered chemicals;

root-knot,

lesion,

sting,

ring,

and

EDB, Te I one® II, D-D®, Furadan®, Dasanit®, and Mocap®.

Nonchemlcal controls:

None.

Efficacy/performance;

The efficacy of the various alternatives depends on the nematode
species to be controlled and on soil moisture.
DBCP Is efficacious
against all peanut nematode species and under all moisture conditions;
however, the registered alternatives are less efficacious against
some, or all, peanut nematodes, or are less efficacious under some soil
conditions, or both.
When EDB, Telone® II, and D-D® are used, the
application must be made 10 to 14 days prior to planting due to
phytotoxlclty.

Comparative costs:

Location

Control measure

Southeast

DBCP
Granular
Fumlgant
DBCP
Granular
Fumlgant
DBCP
Granular
Fumlgant

Mld-Atlantlc

Southern Plains

nematlcldes*
nematlcides**
nematleides
nematIci des
nematIci des
nematI cl des

Treatment cost/acre
$6.00
14.00
31.50
6.00
14.00

—
6.00
21.00
28.70

* The granular nematId des Include Furadan®, Dasanit®, and Mocap®.
** The fumlgant nematlcldes Include EDB, Telone® II, and D-D®.
Conclusions:
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DBCP Is the least costly and most efficacious pesticide to control
nematodes In peanuts.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PEANUTS (continued)
D.

EXTENT OF USE:
Active Ingredient applied
and acres treated:

Reg Ion

Acres treated/year

Southeast
Mid-Atlantic
Southern Plains
Total
E.

Pounds a>l» applied/year

256,003
55,940
43,030
354,973

2,304,027
503,460
387,270
3,194,757

ECONOMIC IMPACTS:
User:

The economic Impacts Include both Increased nematode control costs and
revenue losses due to decreased yields«
Short term
Percent

Reg 1on

Southeast
MId-AtlantIc
Southern Pial ns
Regional Total

Region

Southeast
Mid-Atlantic
Southern Pial ns
Regional Total

Acres
planted
1974-76

treated
(DBCP)

1ncrease
In nematode
control cost

Total
decrease
In value
of output*

32
19
10
23

($ 000)
672.9
447.6
697.8
1,818.3

($ 000)
98.7
1,632.2
3,292.7
5,023.6

of• acres

804,633
287,700
430,300
1,522,633

Total change In
product hDn cost
and val ue (2L output
($ 000)
771,.6
2,079,.8
3.,990,.5
6,841,.9

Per-acre change
In production cost
and value of output

($)
3.01
37.20
92.74
19.27

* Assumes varying levels of yield Impacts depending on location and
alternative nematlcldes applied.
The price received by farmers for
peanuts was 19.2^/lb.
Long term
Approximately $19.0 million per year (1977 dollars) after cancellation
until a satisfactory DBCP substitute Is registered for use.

Market, consumer:

The analysis had Indicated that the loss of DBCP would have minimum
direct Impact on the consumer both In the short term and the long term,
since most of any price Increase would be offset by a decrease In price
support payments, which are Indirectly paid by consumers.
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ECONOMIC ANALYSIS OF DBCP USE ON VEGETABLES
Methodology and Assumptions
The estimated short-run economic
impact of a DBCP cancellation on
vegetables was based on the following
procedures and assumptions:
(a) DBCP is applied once during the
growing season, generally at planting
time.
(b) U.S. 1974-76 planted acreage
was used as a base for the analysis.
(c) The
base
acreage
treated
with DBCP was estimated by the DBCP
assessment team using published data,
an unpublished EPA report, and the

team's knowledge of DBCP use patterns
for the vegetable crops considered
(table 39).
(d) Alternative
nematicides
and
application
rates
per
acre
were
specified by the DBCP assessment
team based on product labels. State
recommendations,
efficacy
of
the
alternative nematicides, and treatment
costs per acre.
The application rate
per acre for the alternatives is as
follows: EDB - 1 2/3 gaUons, DD - 11
gallons, Vorlex® - 6 gallons, and
Telone® II - 8 gallons.
The use of
the alternative nematicides may delay
planting 2 to 4 weeks, which could
result in the need for additional

Table 39.—Distribution of DBCP-treated vegetable acreage by alternative nematicides
if DBCP if not available, by crop
Crop
Lima beans
Snap beans
Broccoli
Cabbage
Carrots
Cauliflower
Celery
Cucumbers
Eggplant
Lettuce
Melons:
Cantaloup
Honeydew
Watermelon
Okra
Southern peas
Squash
Strawberries
Tomatoes
Total

Acres treated
with DBCP j_/

EDB

Acres treated with alternatives 1]
DD
Vorlex®
Telone® II

None

14,453
37,947
13,800
350
18,300
2,510
150
29,160
173
1,000

4,336
13,281
5,520
245
9,150
1,130
105
21,870
69
400

4,336
13,281
4,140
52
5,490
250
22
2,916
69
400

723
1,,898
—
—
—
—
—
,916
2,
17
—

4,336
9,487
4,140
35
3,660
1,130
15
1,458
9
200

722
—
—
18
—
—
8
—
9
—

11,350
1,650
76,800
8,550
59,750
3,150
45
94,580
373,718

4,540
660
30,720
6,413
29,875
1,197
18
18,916
148,445

4,313
627
29,184
1,282
29,875
315
9
18,916
115,477

—
—
—
428
—
315
—
33,,103
39,,400

2,270
330
15,360
256
—
1,260
18
18,916
62,880

227
33
1,536
171
—
63
—
4,729
7,516

\j Acres treated with DBCP were estimated by the DBCP assessment team based on
published data, an unpublished EPA report, and the team's knowledge of DBCP use
patterns.
11 The distribution of the DBCP-treated acreage among the alternatives was made
by the DBCP assessment team based on their knowledge of nematode infestations,
efficacy of the alternative nematicides, and treatment costs per acre.
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Table 40.—Value of production loss on acres where no nematicides were used to replace DBCP

Crop
Lima beans
Cabbage
Celery
Eggplant
Melons:
Cantaloups
Honeydew
Watermelons
Okra
Squash
Tomatoes :
Process
Fresh
Total

DBCP acres
not treated
with alternatives U

Yield per
planted
acre
(1974-76) 11

722
18
8
9

1.1
220.7
476.8
193.0

tons
cwt
cwt
cwt

227
33
1,536
171
63

129.4
170.3
101.2
9.0
250.0

cwt
cwt
cwt
tons Í.I
bul/

3,499
1,230
7,516

20.3 tons
8.0 tons

Production

Value
per unit
(1974-76) 11

Reduction
in income

794
3,973
3,814
1,737

tons
cwt
cwt
cwt

556
2,781
2,670
1,216

tons
cwt
cwt
cwt

$311.00/tons
4.40/cwt
7.02/cwt
10.79/cwt

$172.916
12,236
18,743
13,121

29,374
5,620
155,443
1,539
15,750

cwt
cwt
cwt
tons
bu

20,562
3,934
108,810
1,077
11,025

cwt
cwt
cwt
tons
bu

10.48/cwt
9.41/cwt
3.68/cwt
180.00/tons
7.00/bu

215,490
37,019
400,421
193,860
77,175

49,721 tons
6,888 tons

62.00/tons
368.00/tons

3,082,702
2,534,784
6,758,467

71,030 tons
9,840 tons
*"~

"

Production
loss
without
DBCP 3/

—

—

J_/ DBCP-treated acres not treated with any alternative nematicides were estimated by the DBCP assessment
team. It was the judgment of nematologists famüiar with vegetable production that some growers would not use
the alternatives because of unfamüiarity with the products, or high treatment costs per acre, or both.
2_l Source: (211).
r.ê-Lî^'^^^'^^^°^ ^°^^^^ ^^^^ estimated by the DBCP assessment team on observations of yields with and without
DBCP on vegetable crops. The production losses were estimated to be 70 percent on those acres where no alternative nematicide is used. The DBCP assessment team was of the opinion that losses could be 100 percent in
some fields, but generally nematode infestations are not uniform through a field and some production might be
salvaged.
"
_4/ Estimated by the DBCP assessment team. There are no published national production statistics for these
vegetables.
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fungicide and insecticide applications
later in the growing season;
for
this analysis, however, it was assumed
that no additional treatments were
needed.
(e) Generally,
the
alternative
nematicides were assumed to be as
effective as DBCP based on published
and unpublished data.
(f) The
prices
for
alternative
nematicides would not change and the
alternatives would be available in sufficient quantities.
(g) For a few crops, it was assumed
that some acreage would not be treated
with
the
alternative
nematicides
because of high cost and the unfamüiarity of the growers with their use and
effectiveness.
(h) Production losses were estimated by the DBCP assessment team
based on observations of yields with
and without DBCP on vegetables.
The
production losses were estimated to be

70 percent on those acres where no
alternative nematicides would be used
(table 40).
U.S. 1974-76 weighted
average commodity prices were used
to evaluate this loss in production.
Changes in commodity prices were not
estimated because the reduction in
output was generally less than 1 percent
of average 1974-76 U.S. production
(table 41).
(i) Because the alternative nematicides need to be applied 2 to 4 weeks
before planting, an additional field
operation is needed at an estimated cost
of $3.00 per acre.
(j) Partial budgeting techniques
were used to estimate the short-term
impact of a DBCP cancellation.
(k) The DBCP label lists several
vegetables (Brussels sprouts, endives,
peppers,
parsnips,
radishes,
and
turnips), which were not evaluated
because DBCP usage information was not
available at the time this report was
prepared.

Table 41.—Percentage loss of total U.S. production for selected vegetables on which
no nematicides were used to replace DBCP
Crop
Lima beans
Cabbage
Celery
Eggplant
Melons:
Cantaloups
Honeydew
Watermelons
Okra
Squash
Tomatoes :
Process
Fresh

1974-76 U.S.
production U
80,433
24,329,000
16,402,000
669,000

tons
cwt
cwt
cwt

9,841,000
2,309,000
24,579,000
81,000
1,000,000

cwt
cwt
cwt
tons 1'
bui/

7,331,783 tons
1,044,700 tons

Production loss
without DBCPI/
556
2,781
2,670
1,216

tons
cwt
cwt
cwt

0.69
.01
.02
.18

20,562
3,934
108,810
1,077
11,025

cwt
cwt
cwt
tons
bu

.21
.17
.44
1.33
1.10

49,721 tons
6,888 tons

.68
.66

V Sources: (201, 216).
^/ Taken from table 40.
3^/ Estimated by the DBCP assessment team,
production statistics for these vegetables.
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Percent loss
in production

There are no published national

Table 42.—Economic impact of a possible cancellation of DBCP on U.S. vegetable producers

Crop

Acres
planted
1974-76
1/

72,267
Lima beans
Snap beans
379,470
51,117
Broccoli
110,250
Cabbage
78,137
Carrots
Cauliflower
33,233
Celery
34,263
Cucumbers
193,282
Eggplant
3,467
Lettuce
232,477
Melons :
Cantaloup
76,050
Honeydew
13,557
Watermelon
242,833
9.000
Okra
Southern peas 80,000
Squash
4,000
38,500
Strawberries
Tomatoes
491,670
Total
2 ,143,573
1/
2/
3/
4/
5/
00

Acres
treated
with
DBCP
2/

Percent
of
acres
treated

Increase
in
nematode
control
cost
3/

Cost for
additional
field
operation
Í.I

14,453
37,947
13,800
350
18,300
2,510
150
29,160
173
1,000

20.0
10.0
27.0
.3
23.4
7.6
.4
15.1
5.0
.4

263,517
705,390
231,122
2,897
263,246
40,066
1,233
303,191
2,831
16,548

41,193
113,841
41,400
996
54,900
7,530
426
87,480
492
3,000

11,350
1,650
76,800
8,550
59,750
3,150
45
94,580
373,718

14.9
12.2
31.6
95.0
75.0
79.0
.1
19.2

180,828
26,288
1,223,577
75,934
835,604
58,226
762
2,397,982
6,629,242

33,369
4,851
225,792
25,137
179,250
9,261
135
269,553
1,098,606

— "•

Total
increase
in production
costs

Total
decrease
in value
of
output
5/

1 1 ^vl 1 e\ vk<-«
-uoiiars
304,710
172,916
—
819,231
—
272,522
3,893
12,236
—
318,146
—
47,596
1,659
18,743
—
390,671
3,323
13,121
—
19,548

214,197
31,139
1,449,369
101,071
1,014,854
67,487
897
2,667,535
7,727,848

215,490
37,019
400,421
193,860
—

77,175
—

5,617,486
6,758,467

Total
change in
production
costs and
output
value

Per-acre
change in
production
costs and
output
value

477,626
819,231
272,522
16,129
318,146
47,596
20,402
390,671
16,444
19,548

30.05
21.59
19.75
46.08
17.39
18.96
136.01
13.40
95.05
19.55

429.687
68,158
1,849.790
294,931
1,014,854
144,662
897
8,285.021
14.486.315

37.82
41.31
24.06
34.49
16.99
45.92
19.93
87.60
38.76

Sources: (201, 216).
Taken from table 39.
Taken from table 43.
Based on a cost of $3.00 per acre on those acres where alternative nematicides replace DBCP (table 39).
Taken from table 40.

CO
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Table 43.—Alternative nematicides used to replace DBCP, cost of materials , and changes in nematicide treatment
costs, by crop

Nematode co ntrol cost-

Crop

Lima beans
Snap beans
Broccoli
Cabbage
Carrots
Caiiliflower
Celery
Cucumbers
Eggplant
Lettuce
Melons:
Cantaloup
Honeydew
Watermelon
Okra
Southern peas
Squash
Strawberries
Tomatoes
Total

With
DBCP

EDB

$86,718
227,682
82,800
2,100
109,800
15,060
900
174,960
1,038
6,000

$39,761
121,787
50,618
2,247
83,906
10,362
963
200,548
633
3,668

$133,549
409,055
127,512
1,602
169,092
7,700
678
89,813
2,125
12,320

$34,704
91,056

68,100
9,900
460,800
51,300
358,500
18,900
270
567,480
2,242,308

41,632
6,052
281,702
58,807
273,954
10,976
165
173,460
1,361,241

132,840
19,312
898,867
39,486
920,150
9,702
277
582,613
3,556,693

—
—
—

With alternative nematicides
DD
Vorlex*
Telone» II

—
—
—
—
—

139,968
816
—

20,544

$142,221
311,174
135,792
1,148
120,048
37,064
492
47,822
295
6,560

$350,235
933,072
313,922
4,997
373,046
55,126
2,133
478,151
3,869
22,548

$263,517
705,390
231,122
2,897
263,246
40,066
1,233
303,191
2,831
16,548

74,456
10,824
503,808
8,397

248,928
36,188
1,684,377
127,234
1,194,104
77,126
1,032
2,965,462
8,871,550

180,828
26,288
1,223,577
75,934
835,604
58,226
762
2,397,982
6,629,242

—

—

15,120

41,328
590
620,445
2,062,464

—

1,588,944
1,891,152

Total

Change
in
nematode
control
cost

11 Application rate per acre, material cost per gallon, and material cost per acre for DBCP and alternatives.
The application rate per acre for the various nematicides on vegetable crops was based on product labels and
State recommendations. Material cost per gallon was specified by the DBCP assessment team.
DBCP: 3/4 gaUon (12.1 lb a.i.); $8.00 per gallon; $6.00 per acre.
EDB: 1-2/3 gallons (12 lb a.i.); $5.50 per gallon; $9.17 per acre.
D-D®: 11 gallons (10 lb a.i.); $2.80 per gallon; $30.80 per acre.
Vorlex®: 6 gallons (11 lb a.i.); $8.00 per gallon; $48.00 per acre.
Telone® II: 8 gallons (10 lb a.i.); $4.10 per gallon; $32.80 per acre.

Area of Use
DBCP is used on a large number
of vegetable crops.
The increase
in production costs and the value of
production losses as a result of the
cancellation of DBCP are estimated
to be $14.5 million on the 374,000
acres treated with DBCP (table 42).
Production costs were estimated to
increase
$7.7
million: $6.6
million
for alternative nematicides and $1.1
million for an additional field operation to apply them.
Current DBCP Use
Nationwide DBCP use ranged from
less than 1 percent of the total acres
treated for several vegetables to 95
percent for okra. Other crops with a
significant proportion of the acreage
treated include squash - 70 percent and
southern peas - 75 percent.
Alternatives to DBCP
Vegetables are damaged by several
nematodes species, including root-knot,
sting, lesion, stubby-root, stunt, and
ring.
EDB and DD are the two most
likely alternatives to replace DBCP in
vegetable production: however, EDB is
currently undergoing RPAR review (table
39). Of the 374,000 acres treated with
DBCP, it is estimated that EDB would be
used on 40 percent and DD on 31 percent
of the acres now treated with DBCP.
Telone® II and Vorlex® would also be
used, and a small acreage is assumed to
go untreated.

DBCP is the most economical method
of controlling nematodes in vegetable
production at $6.00 per acre for
material costs (table 43).
The peracre material cost for the alternative
nematicides ranges from $9.17 for EDB
to $48.00 for Vorlex«.
User and Consumer Impacts
The value of production losses was
estimated for several crops and amounted
to $6.8 million, with tomatoes accounting for 83 percent or $5.6 million of
the total (table 42). Other crops with
losses were watermelons - $400,000,
cantaloups - $215,000, okra - $194,000,
and lima beans - $173,000.
The
estimated loss in production is not
a significant proportion of the U.S.
total and generally was less than
1 percent (table 41).
Therefore,
commodity prices are not expected
to
change
significantly.
This
means
that
affected
growers
will
absorb the initial cost of a DBCP
cancellation.
On a per-acre basis, the increase
in production costs and reduction in
output value ranged from about $13 for
cucumbers to $136 for celery (table 42).
For most vegetables, the impact ranged
from $20 to $45 per acre; however,
impacts of this range might lower
returns enough to force growers to
switch to other crops.
As these
adjustments occur, the price of the
affected vegetables will rise, shifting
the cost of impact of the DBCP
cancellation to the consumer.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON VEGETABLES
A.

USE:

Lima beans, snap beans, broccoli, cabbage, carrots, cauliflower,
celery, cucumbers, eggplant, lettuce, melons, okra, southern peas,
squash, strawberries, and tomatoes.

B.

MAJOR PESTS CONTROLLED:

Nematodes.

C.

ALTERNATIVES:
Major registered chemicals:

EDB, DD, Vorlex«, and Telone® II.

Nonchemlcal controls:

None.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON VEGETABLES (continued)
C.

D.

ALTERNATIVES: (continued)
Ef fIcacy/performance;

Alternative chemicals control nematodes as effectively as DBCP;
however, the alternative nematlcldes need to be applied 1 to 3 weeks
prior to planting«

Comparative costs;

Treatment cost per acre
(^ntrol measure
$6.00
DBCP
12.17
EDB*
33.80
D-D»*
51.00
Vorlex«>*
35.80
Tel one« II*
* includes an additional $3.00 per acre field operation cost.

Conclusions;

DBCP is the
vegetables.

EXTENT OF USE:
Active Ingredient applied
and acres treated:

least

costly

alternative

Crop
Acres treated per year
14,453
Lima beans
37,947
Snap beans
13,800
Broccoli
350
Cabbage
18,300
Carrots
2,510
Cau11f1ower
150
Celery
29,160
Cucumbers
173
Eggplant
1,000
Lettuce
89,800
Melons
8,550
Okra
59,750
Southern peas
3,150
Squash
45
Strawberries
94,580
Tomatoes
373,718
Total

to

control

nematodes

in

Pounds a.1. applied per year*
131,161
344,369
125,235
3,176
166,073
22,778
1,361
264,627
1,570
9,075
814,935
77,591
542,231
28,586

408
858,314
3,391,490

* DBCP applied at the rate of 3/4 gal Ion (12.1 lb a.1.) per acre.

E.

ECONOMIC IMPACTS:
User:

Economic impacts associated with the cancel I at I on of DBCP use on
vegetables Include Increased nematode control costs and revenue losses
due to decreased vegetable production.
Short term
Acres treated with DBCP
Nematode control cost with DBCP
Nematode control cost with alternative*
Alternative chemical costs
Additional field operation cost
Loss in production**
Total change in production costs and output values

373,718
$2,242,308
$9,970,156
$8,871,550
$1,098,606
$6,758,467
$14,486,315

* Not all of the acres previously treated with DBCP would be treated
with alternative nematlcldes.
** Value of production loss on acres not treated.
Long term
Approximately $14.5 million per year (1976 dollars) until
tory DBCP substitute Is registered for use.

Market, consumer:
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a satisfac-

Al I or part of the increased costs of vegetable production may be
passed on to the consumers In terms of higher prices; however, since
the total value of 1976 U.S. vegetable production was In excess of $2.1
billion, the $14.5 million decrease In producer Income Is relatively
Insignificant and no short-term or long-term consumer Impacts are
anticipated.

MINOR CROP USE PATTERNS
Raspberries
A maximum of about 400 acres of
raspberries are treated postplant with
3,600 to 9,680 lb a.i. of DBCP
annually.
About 500 acres are currently benefiting from DBCP nematode
control, representing about 7.3 percent
of acres produced.
A DBCP cancellation could result in production losses

of $150,000 or about 1.8 percent of
the U.S. crop value. These production
losses could result in some slightly
higher retail raspberry prices in the
short te^m, but production levels and
retaü prices would probably return
to
near
precancellation
levels
as
new production practices, new production acreages, and new nematicides
arc developed.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON RASPBERRIES
A.

USE:

Raspberries postplant nematode control.

B.

MAJOR PESTS CONTROLLED:

Nematodes.

C.

ALTERNATIVES:

None.

D.

State recommendations:

Postplant:
acre.

Efficacy of alternatives:

No alternatives available.

Comparative performance:

No alternatives available.

Comparative costs:

No alternatives available.

EXTENT OF USE:

DBCP - chisel-Inject at the rate of 9 to 24.2 lb a. I. per

Estimates of treatment acres or annual use In pounds active Ingredient
In all States are not available.
U.S. production Is concentrated In
Washington and Oregon, where DBCP use Is limited.
Maximum acres
treated
per year
400

E.

Acres
benefiting
from DBCP

500

Acres benefiting
as a percent of
acres grown
7.3 pet

Quantity DBCP
appiled annually
(lb a.I.)
3,600 to 9,680

ECONOMIC IMPACTS:
User:

Short term
Where nematode Infestations are severe, producers could close all
production; however, where preplant treatment Is used, nematodes are
generally not a problem during the 10- to 12-year production cycle.
Hag I und (1977) estimates 5 percent of producers could suffer a 25 percent production decline without DBCP available.
The following Impacts
would accrue by the end of the third year following DBCP cancellation.
Harvested
acres
Washington
and Oregon
Affected
(1974-76 avg) acres
6,860
500

Weighted
value of
production per
acre*

Value of
production on
affected
acres*

Value of
production
loss on
affected
acres**

$1,200

$600,000

$150,000

Production
loss as a
percent
of U.S.
crop value
1.8

* 1974-76 weighted red and black raspberry value.
** Assume 25 percent production loss on affected acres.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON RASPBERRIES (continued)
E.

ECONOMIC IMPACTS: (continued)
User:

(continued)

Marketj consumer:

Long term
DBCP Is currently not part of normal production practice«
In the long
run, affected acres would probably be treated with a prep I ant fumlgant.
Some severely Infested acres may go out of production and revert to the
next best alternative crop»
This production loss could be partially
offset by Increased planting In nonaffected areas«
Higher returns to
nonaffected growers would tend to reduce losses to affected growers.
Thus, long-term effects may be Income redistribution rather than real
losses In the aggregate«
Short term
Production losses estimated above would lead to slightly higher retail
raspberry prices. Consumer Impacts, however, would be Insignificant,
since (1) raspberries are not consumed In great quantities by Individual consumers, and (2) substitute goods are readily available.
Long term
Production levels and retail raspberry prices would probably return to
near precancellatlon levels as new production practices, new production
acreage, and new nematlcldes are developed. Long-term effects would be
negIIglble.

F.

LIMITATIONS OF ANALYSIS:

1.
2.
3.
4.
5.
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Analysis is limited to Washington and Oregon.
Production and prices were 1974-76 averages.
Crop loss estimates were provided by extension nematoIogIsts or
State agricultural personnel.
Limited data were available to quantify production losses, market,
consumer, or long-term Impacts.
Other factors, such as changes In demand. Introduction of new postplant nematlcldes, or new cultural practices, cannot be reliably
projected and were not Included In Impact calculations.

Production of Certified
Strawberry Plants
No postplant
nematicide
alternatives are registered for nematode
control in strawberry nursery stock
production.
Currently, about 600 to
650 acres of strawberries are treated
three times annually with a total
of about 15,000 lb a.i. of DBCP in
Maryland and Delaware.
These States
produce about 60 percent of the U.S.
planting stock east of the Rocky

Mountains. Loss of DBCP could result
in serious, but localized, short-run
social disruptions on nursery employees.
Certified strawberry plants are likely
to be in short supply until regional
adjustments in production occur or new
post plant neraaticides become available.
Some short-term strawberry shortages
could develop in local eastern U.S.
markets, but long-term production would
return to more "normal" precancellation
levels as production expands in nonaffected areas.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON STRAWBERRIES
A.

USE:

Postplant DBCP use in certified strawberry production.

B.

MAJOR PESTS CONTROLLED:

Root-knot, lesion, and dagger nematodes.

C.

ALTERNATIVES:

D.

Major registered chemicals:

No postplant nematicide alternatives registered.

Recommendat ions :

DBCP is applied 4 to 6 and 10 to 12 weeks after planting and occasionally 14 to 16 weeks after planting by chisel injection at the rate
of 1 gallon (12.1 lb a.i. per gallon) per acre.

Nonchemical controls;

None.

Efficacy of alternatives:

Not appIi cab le.

Comparative performance:

Not appIi cab le.

Conclusions:

There are no alternatives available for postplant nematode control
strawberry nursery stock production.

EXTENT OF USE:
Quantities appiled
and units treated:

Maryland
Delaware
E.

In

Acres
treated
annually
300 - 325
300
600 - 625

Total
annual
treatment
acres
600 650
600
1,200 - 1,250

Quantity of
DBCP appI i ed
annual I y
(lb a.i.)
7,260 - 7,865
7^260
14,520 - 15,125

Treated acres
as percent of
acres produced
for nursery stock
100 pet
100 pet
100 pet

ECONOMIC IMPACTS:
User:

Short term
Strawberry nursery workers in Maryland and Delaware will be seriously
affected, if not forced out of production, if DBCP is canceled.
Significant, but localized, community and social disruptions are likely
on nursery employees, as alternative employment opportunities in these
areas are limited.
Gross receipts from strawberry plant sales in
eastern Maryland counties exceed $1.5 million annually (Delaware
data not available, but sales are likely to be similar) and provide
considerable economic stimulus to this area.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON STRAWBERRIES (continued)
E.

ECONOMIC IMPACTS: (continued)
User; (contInued)
Long term
Without an effective postplant nematlclde, production of strawberry
plants for commercial and home plantings would shift to other areas*
Production of certified strawberry plants In Maryland and Delaware will
cease, unless effective new postplant nematlcldes are registered«
Higher returns In nonaffected areas will stimulate production on new or
existing acreages; however, high costs of specialized machinery and
seasonal labor availability will limit expansion» Nonaffected growers
will benefit from Increased sales and higher product prices«
Thus,
Income redistribution (from affected to nonaffected growers) will
offset some of the losses In Maryland and Delaware«
Market, consumer;

Short term
Commercial and home strawberry growers In States east of the Rocky
Mountains will be moderately Impacted as quality strawberry plant
supplies become Increasingly short 3 to 5 years following DBCP cancellation«
Most certified strawberry producers In ether States are
producing plants at maximum capacity«
To meet demand for replacement
strawberry plants, growers are likely to accept low-quality, pestInfested plants producing lower yields«
Thus, growers can expect
significant price Increases In available certified plants and some
price Increases In lower quality plants« Delaware and Maryland account
for about 60 percent of total U«S« strawberry planting stock east of
the Rocky Mountains« Eastern States account for less than 18 percent
of U«S« strawberry production tonnage«
Other strawberry-producing
areas (California, Washington, and Oregon) do not have significant
DBCP-treated nematode problems and produce most (82 percent) of U«S«
strawberry production tonnage«
In 3 to 5 years, eastern strawberry
producers could expect yield and acreage reductions as supplies of
quality strawberry plants become short«
Consumers would experience
some retail price Increases for fresh and processed strawberries,
particularly In markets supplied by eastern berry producers« Since the
bulk of U«S« production comes from nonaffected areas, however, price
Increases, due to losses in eastern areas, would be moderate«
Long term
Regional adjustments In production of quality strawberry plants and
registrations of effective new postplant nematlcldes could stabilize
strawberry production and markets east of the Rocky Mountains«
Consumer price Increases, caused by short-term strawberry shortages In
the eastern United States, would return to more normal precancellatlon
levels as production expands In nonaffected areas«
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Commercial Turf and
Ornamentals Production
Major turf use of DBCP is on golf
courses. Average annual use of DBCP
in Florida for golf courses has been
approximately 97,000 pounds a.i., which
is estimated to be 90 percent of total
turf use of DBCP in that State. Data
for other States are not available, but
DBCP is reported to be used specifically
in Georgia and Pennsylvania. Based on
this, EPA estimates that as much as
200,000 pounds a.i. could be used
annually on golf courses in the entire
country.

Data for greenhouse and nursery
use of DBCP are not available. Use is
reported to be limited to production of
crops for nonfarm use, such as foliage
plants. Most users are apparently not
large producers and do not have financial resources to use alternatives.
Impacts of cancellation would probably
be concentrated in Florida.
Total costs of DBCP treatment
of golf courses in Florida are reported
to be from $50 to $60 per acre.
The
next best alternative would cost from
$90 to $185 per acre for the chemical
alone.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE
ON œMMERCIAL TURF AND ORNAMENTALS PRODUCTION
A.

USE:

DBCP use on golf courses, greenhouses, and nurseries.

B.

MAJOR PESTS OONTROLLED:

Nematodes.

C.

ALTERNATIVES:

D.

Major registered chemicals:

DD, diazlnon, Dasanit«, EDB, Telone« II, SMDC, MBR, Vorlex«, dlchlofenthlon, chloroplcrin, aldlcarb, ZInophos*, ethoprop, oxamyl, and
methyl bromide.

Nonchemlcal alternatives;

Steam treatment.

RecommendatIons;

Several chemicals have both State and Federal recommendations, as does
steam treatment.
Note: Not al I alternatives are registered or recommended for al I of
the same sites as DBCP.

Conclusions:

No alternatives for small nursery owners who cannot afford equipment or
space needed for other chemicals.

EXTENT OF USE:
Quantities appiled
and units treated:

Total U.S. use not available, but possibly as much as 200,000 pounds
a.i. on golf courses alone.
(Use in Florida, with more courses than
any other problem State, estimated at 97,000 pounds a.i. annually.)
Considerably less Is used by smalI nurseries. In Florida, an Important
foliage plant producer, half of the nurseries (4,500 out of a total
of 8,500) are operated by small owners who rely on DBCP.
Golf courses are the largest turf market for DBCP.
limited to crops sold for nonfarm use.

E.

Nursery use

Is

ECONOMIC IMPACTS:
User:

Increased costs of control for prep I ant treatment. Quantification not
possible. Total cost of DBCP treatment on golf courses In Florida Is
reported to be from $50 to $60 per acre.
The next best alternative
would cost from $90 to $185 per acre for the chemical alone.

Consumer:

Increased costs could be passed on to the consumer as higher prices.
Although this cannot be estimated. It will not significantly affect
total consumer expenditures.
To the extent that use may be concentrated In Florida, more serious localized Impacts may be noted.
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Lawns, Ornamentals,
and Home Gardens
No data are available for the
amount of DBCP used in residential
sites. Approximately half of all lawns
in Florida are treated with DBCP
every 2 years, applied by the homeowner or by a professional applicator.
These plants are grown mainly for
aesthetics rather than for monetary
purposes.
Cost impacts are difficult

to determine.
No alternatives are
available for trees and shrubs on a
residential site or for home lawns.
Crop rotation is not feasible for these
sites.
The most popular home garden
crops in areas where nematodes are a
problem are ones that are susceptible
to damage.
Impacts of DBCP cancellation would
affect property values where DBCP is
used to protect ornamentals planted to
enhance appearance and property values.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE
ON LAWNS, ORNAMENTALS, AND GARDENS (HOME USE)
A.

USE:

Lawns, ornamental trees and shrubs, home gardens.

B.

MAJOR PESTS CONTROLLED:

Various nematodes.

C.

ALTERNATIVES:
Chemical :

None for postplant treatment.

Nonchemicai:

Rotation of vegetable crops with French marigolds; selection of resistant crops (for example, certain tomato varieties); avoidance of susceptible crops such as okra, cucurbits, and beans; and planting of
crops early In the season. No alternatives for lawns, trees, or shrubs.

RecommendatIons :

States: DBCP.
Federal: DBCP, EDB.

Efficacy:

Vegetable/marigold rotation satisfactory only for root-knot nematode;
must be Intensively cultivated.
Early planting possible only In
southern States.

Conclusions:

Prep Iant treatment and nonchemicai alternatives not feasible for
established lawns, other landscape plants.
Nonchemicai alternatives
not possible for aI I home garden crops.

D.

EXTENT OF USE:

Undetermined, but a minor percentage of total DBCP use.
An estimated
50 percent of alI home lawns In Florida are treated with DBCP every 2
years.
Home garden and ornamental treatments cannot be determined,
although greatest área of use Is the sandy coastal plain from New
Jersey to Louisiana.

E.

ECONOMIC IMPACTS:
User, consumer:
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User and consumer are Identical. Many home gardens have psychic rather
than monetary value. Monetary Impacts cannot be measured, but are not
considered major.
Cancellation of DBCP could adversely affect home
values In areas where landscaping adds a measurable amount to property
values, and nematode Infestations are severe.
Such Impacts would be
local Ized.

Plums
DBCP is currently applied to 22,000
acres of domestic plums, representing
about 70 percent of U.S. plantings.
About 9,400 acres are treated with
452,000 pounds of DBCP active ingredient per year. No registered postplant
alternatives are avaüable,
but the
preplant alternatives are in use and
are the preferred materials for preplant
nematode control.
A cancellation of DBCP for use
on plums would result in aggregated
decreased grower returns of $2.194

million after 1 year, $5.153 million
after 2 years, and $6.407 million after
3 years.
In the long term (in the
absence of an effective nematicide),
the affected acreage would probably
revert from plums to agricultural uses
of lower profitability.
Short-term
retail price increases of 20 percent or
more may be incurred by consumers.
Domestic plum production and retail
prices may return to "normal" levels if
a new effective postplant nematicide is
registered, if new plum orchards are
developed, or if both conditions exist,
in areas not subject to serious nematode
infestation levels.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PLUMS
A.

USE:

DBCP use on plum orchards.

B.

MAJOR PESTS CONTROLLED:

Nematodes (various species)«

C.

ALTERNATIVES:

D.

D-D®, TeI one®.

Postplant:

No registered alternatives.

Major registered chemicals;

Preplant:

Nonchemical controls:

No effective nonchemical control measures (cultural or biological) are
avallable.

Efficacy of alternatives:

Satisfactory preplant alternatives are available and in use; these
materials are preferred relative to DBCP due to increased efficacy at
the preplant stage (prior to the time trees are set).
No postplant
alternatives are available.

Conclusions:

Cancellation of preplant use of DBCP In plum orchards would have little
or no Impact, but cancellation of postplant use would lead to reduced
plum production as outlined below.

EXTENT OF USE:
Quantities appiled
and un its treated:

Data regarding DBCP use on plums are available only for California.
California accounts for approximately two-thirds of domestic plum
production, and it is likely that most of the DBCP used on plum
orchards Is applied in California.
Preplant use:

Nematode
infestation
level
Severe
Moderate

Minimal.

Acres
treated
per year
6,000
3,336
9,336

Postplant use:

Acres
subject to
treatment*
12,000
10,000
22,000

Acres subject
to treatment
as percent of
acres grown

—
69.9 pet

California:

Quantity DBCP
appIled per year
(lb a.i.)
290,000
162,000
452,000

* Severely infested orchards are treated every 18 to 24 months;
moderately infested orchards are treated every 36 months.
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SUM^4ARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON PLUMS (continued)
E,

ECONOMIC IMPACTS:
User:

Short term
All treated orchards would begin to be affected by the end of the third
year after cancel Iat Ion due to the maximum 3-year interval between
treatments. The following short-term Impacts are projected:
Year
after DBCP
cancel Iat Ion
1
2
3

Present value
of decreased
returns*
$2,194,000
$5,153,000
$6,407,000

Affected acreage:
severe + moderate
Infestations
9,336
18,672
22,008

Present value of
decreased returns
per affected acre
$235
$276
$291

* Value of reduced production - cost of DBCP treatments«

Long term
Without an effective postplant alternative, severely Infested orchards
(38.1 pet of California acreage) will go out of production within 3 to
5 years after cancellation.
Moderately Infested acreage (31.8 pet
of California acres) will remain In production for a longer period of
time.
Acreage going out of plums will probably revert to pasture or
annual row crops.
In the longer term, plum production may begin In
areas not subject to nematode pressure If conditions are suitable for
plum trees and returns are adequate. In the long term, plum production
In unaffected areas would probably offset the production losses In
affected areas, thereby returning overall production to "normal"
levels. Plum producers not seriously Impacted by the loss of DBCP will
experience Increased returns due to production losses In affected
areas. Higher returns will stimulate Intensified production practices
and Increased planting by nonaffected growers. Both effects will offset to some extent the production reductions In affected areas.
Marketj consumer;

Short term
Plum production may decline by as much as one-fifth relative to current
levels by the end of the third year after cancellation. This level of
Impact would lead to higher retail plum prices.
Short-term retail
price Increases of 20 percent or more are possible; however, since
plums represent such a minor part of food consumption, any consumer
Impact resulting from a DBCP cancellation would be negligible.
Long term
Production and retail prices may return to "normal" levels If a new
postplant nematlclde becomes available or If new plum plantings In
non Infested areas develop and come Into production.

F.

LIMITATIONS OF ANALYSIS:

1.
2.
3.

4.
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Comparative data were based on 3-year averages for production and
prices.
Crop loss estimates and DBCP use data for California were provided by California extension and research personnel.
No data were available to quantify market or consumer Impacts.
Long-term Impacts cannot be reliably projected since numerous
factors (such as the Introduction of an effective postplant alternative to DBCP) cannot be foreseen.
No data are available to evaluate the use of DBCP (If any) on plum
orchards In States other than California and the potential economic
consequences of restricting Its use In the other States.

Apricots, Cherries,
Figs, and Walnuts
DBCP is
registered for both
preplant and postplant nematode control
in apricot, cherry, fig, and walnut
orchards.
Suitable preplant alternatives are registered and in use, but
there are no postplant alternatives
currently registered.
All available information indicates
that little, if any, DBCP is currently

used for nematode control in domestic
apricot, cherry, fig, or walnut orchards.
Certain local situations may
exist in which DBCP must be used
to maintain economic production of
these crops, but no situations of this
kind have been reported to date. Currently available data indicate that
a cancellation of DBCP for use on
apricot,
cherry,
fig,
and
walnut
orchards would have little impact upon
domestic production or prices of these
commodities.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE
ON APRICOTS, CHERRIES, FIGS, AND WALNUTS
A.

USE:

DBCP use on apricot, cherry, fig, and walnut orchards.

B.

MAJOR PESTS CONTROLLED:

Nematodes (various species).

C.

ALTERNATIVES:
Major registered chemicals:

Preplant:

1,3-D compounds (D-D«, Telone®, and others), EDB, Vor Iex®.

At-pI anting:
Postplant:

oxamyl (bare-root dip).
Nonbearing trees: oxamyl.
Bearing trees: No registered alternatives.

State recommendations:

In California (which produces close to 100 pet of domestic apricots,
figs, and walnuts and leads In production of sweet cherries), D-D«,
Te I one®, and Vapam^ are the recommended preplant nematlcldes.
Postplant treatments are not Included In California pesticide guides for
these crops.
In Michigan (leading producer of tart cherries and a
major source of sweet cherries), the recommended preplant nematlcldes
Include DBCP, the 1,3-D compounds, EDB, and Vor Iex«; recommended
postplant and at-planting nematlcldes are DBCP (soil treatment) and
oxamyl (bare-root dip or foliar spray).

Nonchemlcal controls:

No effective
aval I ab le.

Efficacy of alternatives:

Satisfactory preplant alternatives are available for most situations.
The preplant and at-p I anting use of DBCP Is critical only when conditions (weather or mechanical breakdowns) prohibit the grower from
using a preplant alternative. The preplant alternatives are generally
used several months before a new orchard Is set out, since the alternatives are phytotoxlc If applied near planting time.
DBCP Is safe
to use shortly before or at planting time.

Conclusions:

Cancellation of DBCP would have little Impact except for those
situations In which one of the preplant alternatives cannot be used.
These situations cannot ordinarily be foreseen, since they are
typically the result of weather conditions or mechanical failures.

nonchemlcal

controls

(cultural

or

biological)

are
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON APRICOTS, CHERRIES, FIGS, AND WALNUTS (continued)
D.

EXTENT OF USE:

E.

ECONOMIC IMPACTS:

F.

Apricots; Little quantitative use data are available«
DBCP use on
apricot orchards In California (which accounts for 97+ pet of U.S.
apricot production) appears to be minimal.
Cherries: Little use data are available.
Based on discussions with
contacts In California, Michigan, Oregon, and Washington (which
combined account for 85 pet of domestic cherry production), little or
no DBCP Is used on cherry orchards.
Figs: Little use data are available.
DBCP use on fig orchards In
California (which produces 99+ pet of U.S. output of figs) Is
minimal.
Walnuts: Little use data are available.
DBCP use on walnut orchards
in California (which produces 99+ pet of the U.S. crop) appears to be
minimal.

User:

All available data and information. Including discussions with State
extension personnel. Indicate that little If any DBCP Is currently used
for nematode control In apricot, cherry, fig, or walnut orchards.
Therefore, any economic Impact resulting from the cancellation of DBCP
for these uses would be Insignificant overall.
Certain local situations may exist In which DBCP must be used to maintain apricot, cherry,
fig, or walnut orchards, but no situations of this kind have been
reported to date.
Growers of these crops planning to set out new
trees or orchards would have to plan such activities carefully so that
weather or equipment breakdowns would not delay the use of prep I ant
aIternatlves.

Market, consumer:

The cancellation of DBCP uses on apricot, cherry, fig, and walnut
orchards would have little or no Impact upon domestic production of
these crops. Therefore, no effect upon Intermediate or retail market
prices of these commodities Is Indicated.

LIMITATIONS OF ANALYSIS:

1.

2.
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Little data are available to analyze the nature and extent of DBCP
use on the four crops.
The Information used In this analysis
represents estimates of use and Impact provided by State extension
personnel knowledgeable In the field.
Lack of data prohibited the development of specific economic
Impacts. All Information Indicates that any such Impacts would be
negIiglble.

Almonds
Approximately 3,417,000 pounds of
DBCP active ingredient are applied to
70,600 acres of almond orchards annually
for control of nematodes. About 181,200
acres (representing 54 pet of domestic
almond acreage) are subject to treatment. All treated acres are located in
the San Joaquin Valley of California.
No postplant alternatives to DBCP
are currently registered; satisfactory
preplant alternatives are available and
are the preferred materials for preplant
nematode control.
Without DBCP, all
treated orchards (181,200 acres) would
begin to incur production losses by the

end of the third year following cancellation.
Aggregated decreased grower
returns following a cancellation of DBCP
are estimated at $4.065 million at the
end of the first year, $10.135 million
at the end of the second year, and
$12.302 million at the end of the third
year.
In the long term, the affected
acreage would go out of almonds and
revert to uses of lower profitability.
Consumers could experience retail price
increases for almonds of up to 20 percent in the short run. Long-run retail
price effects could exceed the 20 percent level unless new almond plantings
develop in areas not subject to serious
nematode problems or unless a new effective postplant nematicide is registered.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON ALMONDS
A.

USE:

DBCP use In almond orchards.

B.

MAJOR PESTS CONTROLLED:

Nematodes.

C.

ALTERNATIVES:

D.

Major registered chemicals;

Preplant:

D-D®, Te I one.

Nonchemlcal controls:

No effective
avallable.

controls

are

Efficacy of alternatives:

Satisfactory preplant alternatives are available, which are
preferred materials. No postplant alternatives are available.

the

Conclusions:

Preplant alternatives are widely used and are the preferred treatment
materials.
No registered postplant alternatives are available.
Cancellation of preplant use of DBCP would have little Impact, but
cancellation of postplant use would lead to reduced almond production
as out IIned below.

nonchemlcal

Postplant:
(cultural

or

No registered alternatives.
biological)

EXTENT OF USE:
Quantities appiled
and units treated:

Virtually all almond production and DBCP use on almonds occurs In
CalIfornla.
Preplant use: Minimal.
Postplant use:
Quantity
Acres subject
DBCP applied
to treatment
Acres
Acres
Nematode
per year
as percent of
subject to
Infestation
treated
(lb a.1.)
treatment*
acres grown
per year
level
1,481,000
61,200
30,600
Severe
—
1,936,000
120,000
40,000
Moderate
3,417,000
54.0 pet
181,200
70,600
* Severely Infested orchards are treated every 18 to 24 months;
moderately Impacted orchards are treated every 36 months.
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SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE ON ALMONDS (continued)
D.

EXTENT OF USE: (continued)
Quantities applied and units treated: (continued)
The treated acreages represent primarily the "new" almond land,
located for the most part In the San Joaquín Valley. The new plantings
require treatment because: (1) They are located on lighter soils,
which support higher nematode populations, and (2) the trees are set on
peach-type rootstocks, which are higher yielding but more susceptible
to nematode damage« Older plantings in the Sacramento Valley are (in
general) located on heavier soils and use lower-yielding almond-type
rootstocks« Nematodes are for the most part not a problem in the "old"
almond areas.

E.

ECONOMIC IMPACTS:
User:

Short term
All treated orchards would begin to be affected by the end of the third
year after cancel Iat Ion due to the maximum 3-year Interval between
treatments. The following short-term user Impacts are projected:

Year
after DBCP
cancel 1ation
1
2
3

Present value
of decreased
returns*
$4,065,000
$10,135,000
$12,302,000

Affected acreage:
severe + moderate
infestations
70,600
141,200
181,200

Present value of
decreased returns
per affected acre
$58
$72
$68

* Value of reduced production - cost of DBCP treatments.

Long term
WIthout an effective postplant alternative, orchards In nematodeInfested areas (approximately 54 pet of total almonds) will go out of
production. Severely infested areas (61,200 acres or 18 pet of total
acreage) will begin to go out within 3 to 5 years after cancellation.
Moderately infested areas (120,000 acres or 36 pet of almond plantings)
will begin to go out of production 10 to 15 years after cancellation.
Land In almonds will revert to agricultural uses of lower profitability, such as alfalfa, annual row crops (for example, dry beans),
or pasture.
Almond producers not affected by a DBCP cancellation will experience
increased returns due to production losses In affected areas.
Higher
returns will stimulate intensified production practices and new
plantings in areas not Infested with nematodes.
Both factors will
offset to some extent the production losses suffered In current DBCP
use areas.
Short term
Almond production would decline by about one-fifth by the end of the
third year after cancellation.
Production reductions would lead to
significantly higher retail prices for almonds and processed almond
products; however, since almonds represent a smalI percentage of
per-capí ta food consumption, any Increase In almond prices resulting
from a DBCP cancellation would have little impact upon the average
consumer's food budget. Shippers and processors of almonds and almond
products would be adversely affected by a decline In almond production
resulting from a DBCP cancellation to the extent that such an action
would result In a shift In production and processing to other parts of
the State or country.
Long term
Production and retail prices of almonds may return to "normal" levels
If new plantings are developed In non infested areas or a new postplant
nematid de Is developed that provides adequate control of nematodes.
F.

LIMITATIONS OF ANALYSIS:

1.
2.
3.
4.
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Crop loss estimates and DBCP use data provided by California
research and extension personnel.
Comparative data were based on 3-year averages for production
levels and prices.
Little data were available to quantify market, consumer, and
long-term Impacts.
Factors such as the Introduction of a new postplant alternative
cannot be reliably projected and were therefore not included In the
analysis.

Miscellaneous Small Fruits
DBCP is registered for preplant and
post plant nematode control on blackberries ,
blueberries,
boy senberries,
dewberries, and loganberries. Estimates
of DBCP use are not available.
Information available regarding climatic and
soil conditions in areas where these
crops are grown indicate that nematodes

are not a serious problem. State Agricultural Extension personnel indicate
that some DBCP is probably used, but
use would be limited.
It is possible
that the loss of DBCP could result in
yield losses for some producers, but
these losses would not be significant on
a regional level, nor have a significant
impact on domestic production or prices
of these commodities.

SUMMARY OF PRELIMINARY BENEFIT ANALYSIS OF DBCP USE
ON BLACKBERRIES, BLUEBERRIES, LOGANBERRIES, AND DEWBERRIES
A.

USE:

DBCP postplant use
dewberries.

B.

MAJOR PESTS CONTROLLED:

Nematodes.

C.

ALTERNATIVES:

In

blackberries,

blueberries,

loganberries,

and

Major registered chemicals:

No postplant alternatives.

Nonchemlcal controls:

No effective nonchemlcal alternatives are available.

Efficacy of alternatives:

Not appiI cab le.

Conclusions:

No postplant alternatives or nonchemlcal controls are available for
nematode control.
DBCP cancellation would leave affected berry
producers without postplant nematode control.

D.

EXTENT OF USE:

The major production region for the above berries is Washington and
Oregon. Estimates of DBCP use on these berries are not available, but
use Is believed to be very limited.
Climate, soil conditions, and
variable DBCP response are factors that limit DBCP use in this area.
DBCP use estimates for other areas are not available. USDA acreage or
production estimates for Individual berries in ail other States are not
available, but are believed to be minimal.

E.

ECONOMIC IMPACTS:
User, consumer:

No rebuttal responses Indicated any adverse effects on blackberry,
blueberry,
loganberry, and dewberry production.
Contacts with
Washington and Oregon extension nematoIogIsts or State agricultural
personnel revealed some very limited use but no dependency upon DBCP
for continued berry production. Some isolated instances of production
losses could occur, but no major shifts In the quantity or geographical
area of production are expected. Any impacts would likely be limited
to short-term cultural adjustments and minimal market or consumer
effects.
Berries are not dietary staples; therefore, U.S. consumers
would not be significantly impacted by any shortages or price increases
due to DBCP cancellation.
Based on the minimal nature of the above short-term Impacts, long-term
impacts would be negligible.
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