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Abstract. Insecticides of various chemical classes were evalu
ated in the laboratory and the field for efficacious management
of the tomato pinworm (TPW), Keiferia lycopersicella (Walsingham) in south Florida. Bacillus thuringiensis (Bt) (Mattch®)
and cyfluthrin effectively reduced TPW in the first laboratory
bioassay. These treatments were followed by oxamyl,
pymetrozine, methomyl and thiodicarb in descending levels of
activity. TPW appears to be relatively susceptible to Bt as doc
umented in the second bioassay. Chlorfenapyr (0.05-0.17 kg ai/
ha) also provided satisfactory control of TPW in the laboratory.
All field tests were conducted at the Tropical Research and Ed
ucation Center (TREC), Homestead, FL. Thiodicarb, Bt and
methomyl significantly reduced TPW populations when ap
plied at labeled rates. Similar effectiveness of Bt, fenpropathrin
and methomyl was observed in the second field test. In the
third field test, chlorfenapyr at increasing rates showed corre
sponding reductions in TPW populations. An accompanying
study was designed using 11 varieties of tomato where variet
ies did not show any difference in susceptibility to TPW larvae.
Introduction

Tomato, a Florida agricultural staple crop, has seen de
clines in hectare in recent years due in part to the North
American Free Trade Agreement (NAFTA) (VanSickle,
1996). Statistical data published estimates confirming that to
mato production had declined during 1994-1995 (Vegetable
Summary, 1994-1995). Although tomato acreage was down
from 1993-1994 compared to 1994-1995, yields were up slight
ly, in part due to efficient agronomic practices. However, inFlorida Agricultural Experiment Station Journal Series No. N-01386.
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creased production realized a 6.1 million dollar revenue

decrease (FAS, Vegetable Summary, 1994-1995). VanSickle
(1996) reported Florida tomato shipments increased from
681 million pounds in 1989 to 1,004 million pounds of toma
toes in 1992. He also showed sharp declines from 1992 to
1995 from 1,004 to 511 million pounds. Mexico's tomato
shipments to the Florida market has experienced fluctuations
over time (VanSickle, 1996), however, between 1992-1995,
Mexico has increased annual shipments to Florida from 200
million to 866 million pounds.
Florida farmers are faced with growing encroachments

into the tomato market from NAFTA, and various pest prob
lems. One insect that feeds on all tomato plant parts, except
the roots, is the Tomato Pinworm (TPW), Keiferia lycopersicella
(Walsingham) (Lepidoptera: Gelechiidae) Wolfenbarger et
al., 1975. Feeding by the TPW has required studies to deter
mine habitat, life cycle, feeding preferences, feeding loca
tions, alternative hosts, and control strategies (Wolfenbarger
et al., 1975, Schuster et al., 1980, Burton and Schuster, 1981,
Wellik et al., 1979, Poe et al., 1975, and Pena et al., 1986).
Tomato pinworm is found as far north as Ohio, west to
Texas and south to Florida in the United States. It also occurs
in Mexico, Hawaii, Cuba, Haiti, and the Bahamas (Sorenson,
1994).

Tomato pinworm eggs are laid on seedlings in the green
house and the field. Larvae hatch and bore into leaves and
feed in the mesoderm as a leaf miner. As the larvae matures
to the third instar, it exits the mines and ties leaves together
with silk and feeds as do leaf rollers. Although protected in a
silken web and leaf folds, many promising insecticides have
been successfully used to control the pest.
Severe tomato damage does not come for larval feeding in

mines or folded leaves, but from mature larvae of the third
and fourth instars feeding on mature fruit. TPW also cause to
mato defoliation and increased fruit rot. Fruit boring intro
duces secondary pathogens (Sorenson, 1994).

TPW also can survive on other solanaceous weeds and vol
unteer plants, i.e. potatoes and nightshade (Pena, 1983 and
Sorenson, 1994), found throughout Florida and are common
in and around tomato fields.
TPWs have long been known to occur in Florida tomato

production; however, about 1972, farmers saw an increase in
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the number of pinworms and concurrent tomato losses. This

of mixed developmental stages were collected from commer

upsurge prompted many scientists to more closely study this

cial fields located in Homestead and Naples, two major toma
to growing areas. These TPW were reared in the laboratory

insect and to find reliable methods of control.

Poe et al. (1975) reported the causal factor of the 1972

for one generation to collect required numbers of larvae of

pinworm epidemic as the wide-spread use of insecticides.

known age groups. Rearing, collection and subsequent exper

Pena et al. (1986) reported that growers were using a calen

imental methodologies were as discussed above. Treatments

dar-based insecticide application program which is detrimen

evaluated were: 6.25, 12.50, 25, 50, and 100 ug Bt crystalline
protein/ml of water.

tal

to

an

integrated

approach

involving

beneficial

insecticides. Poe et al. (1975) also discovered two braconid

Field Studies. Four field studies were conducted during

parasites Apanteles dignus Musebeck and A. scutellaris Muse-

1995-1996 at TREC, Homestead, FL. The soil type is a Rockdale fine gravely loam with pH 7.0-7.3. In the first test, tomato

beck which reduced TPW populations by 50-60%.
Despite parasitic population reductions and insecticide
usage, TPW remains a serious pest of tomatoes in Florida.

var. 'Sunny' was transplanted in a single row on raised beds

Hence, the objective of this investigation was to evaluate the

wide. They were fumigated with methyl bromidexhloropicrin

on March 15, 1995. The beds were 0.15 m high and 0.91 m

effectiveness of three Bacillus thuringiensis based insecticides,

(67%:33%) at 392.13 kg/ha and covered with white polyeth

neem extract, two insect growth regulators, and conventional

ylene mulch two weeks before transplanting. Prior to fumiga

insecticides to manage TPW. Finally, the susceptibility of elev

tion, 1792.6 kg/ha of fertilizer (358.5 N:717.04 P:717.04 K)

en tomato varieties to TPW was also evaluated.

was incorporated into each bed. Plants were spaced 0.30 m

within rows and 1.82 m between rows. Recommended cultur
al practices were used to grow the plants. Maneb 75 DF was

Materials and Methods

Several studies were conducted to manage Tomato Pinworm, Keiferia lycopersicella, during two growing seasons at the
Tropical Research and Education Center, Homestead, FL. Ef

fectiveness of various biological and chemical insecticides
were evaluated against TPW under laboratory and field con
ditions.

Laboratory Studies. In all studies, TPW larvae (1st - 2nd stag

es) were collected from a laboratory colony that was main
tained for two years on tomato var. 'Sunny' in the IPM
laboratory, TREC. Statistically significant population num
bers of TPW larvae, in mines, of known ages were collected
from the colony along with the infested leaves. Leaves were

dipped into experimental solutions for 15 seconds and airdried to remove excess water. Ten larvae were treated with
each solution and replicated three times. Treated larvae were
placed into individual petri dishes (10.5 cm diam.) and mor
tality was recorded at 24 h intervals. The bottom of each dish
was covered with a filter paper and moistened with distilled
water to keep the leaves fresh.
Mortality was confirmed using a binocular microscope.
Mortality was determined by probing the head of each larva
with a fine insect needle. If alive the larva responded by body
movement inside the mines. Mortality was evident if no move
ment was observed. However, morbidity was not determined
because mines were not disturbed.
The first laboratory study was conducted in February,
1996. Treatments were: 1) Bacillus thuringiensis (Mattch®,

4.67

1/ha);

2)

Thiodicarb

(Larvin®,

0.90

kg/ha);

3)

Pymetrozine (CGA-215944, 0.10 kg/ha); 4) Oxamyl (Vydate®, 0.56 kg/ha); 5) Azadiractin (Neemix®, 0.35 kg/ha);
6) Fenoxycarb (Sterling®, 0.07 kg/ha); 7) Methomyl (Lannate®, 0.50 kg/ha); 8) Cyfluthrin (Baythriod®, 0.05 kg/ha);
and 9) Untreated control.
In the second bioassay (June, 1996) Chlorfenapyr was
evaluated for control of second instars and leaf rolling stages
of TPW. All bioassay procedures were as discussed in the first
study. Chlorfenapyr treatments were evaluated at four con
centrations; 1) 0.05; 2) 0.08; 3) 0.12; 4) 0.17 kg/ha/935 liters
of water. A nontreated check was included.
The third bioassay (July, 1996) was designed to determine
the susceptibility of two populations to TPW to Bacillus thur
ingiensis var. Kurstaki Accordingly, sufficient numbers of TPW
Proc. Fla. State Hort. Soc. 109: 1996.

sprayed weekly to control fungal pathogens. Plants were drip
irrigated at about 5 liters of water per meter applied four
hours per day.
Plots were 2 rows wide and 6.1 m long. They were ar
ranged in a randomized complete block design and replicat
ed four times. Replicates were separated from each other with
1.5 m of buffer of non-treated plants. Treatments evaluated
were: 1) Fenoxycarb, 0.07 kg/ha; 2) Pymetrozine, 0.11 kg/ha;
3) fenoxycarb + Pymetrozine; 4) Oxamyl, 0.56 kg/ha; 5)
Methomyl, 0.50 kg/ha; 6) Cyfluthrin, 0.05 kg/ha; 7) B. thur
ingiensis (ABG6349), 1.17 kg/ha; 8) Thiodicarb, 0.34 kg/ha;
9) Thiodicarb, 0.45 kg/ha; and 10) Untreated control. Spray
volume for each treatment was 935 liter/ha.
Treatments were applied using a backpack sprayer with
two nozzles, Tee jet® 8003, per row at 88 kg/cm2 delivering
935 liter/ha. Applications of insecticides were made on four
dates, May 13, 19, and 28, and June 5, 1996. Sampling was
conducted 24 h after each application. Treatments were eval
uated by counting total number of pinworms on 20 randomly
selected leaves, i.e. two leaves per plant per plot.
In the second field test, 'Solar Set' tomato cultivar was
planted on April 3, 1996 using the cultural practices discussed
above. Treatments evaluated were: 1) Bacillus thuringiensis, a
blend of Cry 1A© and Cry 1C, 4.671/ha; 2) B. thuringiensis var.
azawai 1.12 kg/ha; 3) methomyl, 0.50 kg/ha; 4) Fenpropathrin, 0.15 kg/ha; 5) Fenpropathrin, 0.22 kg/ha; and 6) Un
treated control. Spray volume for each treatment was 935 1/
ha. All insecticides were applied to foliage on four dates, May

2, 9, 14, and 22, 1996, as previously described. Tomato plants
were sampled for TPWs, 24 h after each application by count
ing all larvae on 20 randomly collected trifoliates.
In the third test, tomato var. 'Sunny' were planted on May
10, 1995, using the cultural practices mentioned above. All
experimental procedures were followed as in the first field
study. Treatments were three rates of chlorfenapyr and an un
treated control.

In the fourth study, eleven tomato varieties were evaluat
ed for susceptibility to TPW. They were planted on January
10, 1995, at TREC, using the cultural practices discussed
above. Varieties evaluated were: 1) 'Sunny'; 2) 'Solar Set'; 30
'Sunbeams', 4) 'Agriset 761'; 5) 'Bonita'; 6) 'Merced'; 7)
'Equinox'; 8) 'Fla7515';9) 'Fla 7578'; 10) 'Fla 7579'; and 11)

'Fla 7558'. All varieties were planted in a randomized com197

Table 1. Percent mortality7 of Tropical Research & Education Center strain
of tomato pinworm larvae in a laboratory bioassay using various insecti-

Table 3. Percent mortality of two stages of tomato pinworm larvae in a labo
ratory test using various rates of Cyfluthrin.

ciaes.

Mortality (%)
Rates (kg ai/hectare)

Treatments

Mortality (%)

B. thuringiensis

4.67 liter

81.3a

Thiodicarb

0.90

38.9b

Pymetrozine

0.10

52.9ab

Oxamyl

0.50

55.6ab

Azadirachtin

0.36

18.8c

Fenoxycarb

0.07

22.2c

Methomyl

0.50

50.0ab

Cyfluthrin

0 05

68.8a

—

13.0c

Control

'Means within a column followed by the same letter are not significantly dif
ferent (P>0.05; Ryan-Einot-Gabriel-Welsch multiple F test [SAS Institute,
1986]).

Leaf rolling stage

2nd Instar

Rate (kg ai/hectare)
0.05

83.3a*

83.3a

0.08

83.3

86.7a

0.11

100a

0.17

100a

96.7a
100a

6.7b

10b

Untreated control

'Means within a column followed by the same letter are not significantly dif
ferent (P>0.05; Ryan-Einot-Gabriel-Welsch multiple F test [SAS Institute,

1986]).

(Table 1). B. thuringiensis controlled significantly more TPW

larvae than did all insecticides except cyfluthrin.

Table 2. Susceptibility of two populations of tomato pinworm larvae col
lected from Homestead and Naples to B. thuringiensis var. kurstaki
Mortality ((%)

Homestead strain

Rate (Hg/ml)

Naples strain

68.75

100

8.5

50

93.8

62.5

25

93.8

25.0

12.5

12.5

25.0

6.3

12.5

6.3

6.3

0.0

Untreated control

In the second bioassay, the Homestead strain of TPW was
more susceptible to B. thuringiensis than the Naples stain (Ta

ble 2). Mortality of the Homestead strain ranged between
87% and 94% when treated with 25 |ig/ml to 100 |i/ml of B.
thuringiensis. Mortality of the Naples strain ranged between
25% and 69% when treated with the same concentration of B.
thuringiensis. Mortality of the Homestead strain dropped sig
nificantly from 93.8% mortality at 25 |LLg to 12.5% at 12.5 |ig/
ml. The vast mortality drop show that the LD50 is a concen
tration between 25 and 12.5 |J,g/ml. The Naples strain show a

potential LD50 concentration between 50 and 25 |LLg/ml, sig
nificantly higher than the Homestead strain.

plete block design with four replications. Sampling intervals
and sampling methodology were as discussed in the above
studies.

Statistical Analysis. Data from all studies were transformed
(square root [X + 1]) prior to analysis of variance. The trans
formed data were subjected to the analysis of variance (SAS
Institute, 1989), and the means were separated using RyanEinot-Gabriel-Welsch multiple F test(REGWF) at the P= 0.05
level of significance. Means were detransformed to the origi
nal scales for the ease of interpretation.

Results and Discussion

Laboratory Studies. In the first bioassay, pinworm larval
mortality was significantly greater than in the untreated con
trol in all treatments except azadirachtin, and fenoxycarb

The lower TPW susceptibility of the Homestead strain
may be due to the reduced insecticide usage on tomato. It has

been documented that TPW is a minor pest in Homestead
during the tomato growing season (Seal, personal observa
tions) . TPW become abundant in Homestead in abandoned
tomato fields at the end of the season.
In the third bioassay, various rates of cyfluthrin provided
significant mortality of different stages of TPW larvae (Table
3). Older larvae did not differ in susceptibility from the
younger ones.

Significantly fewer TPW larvae were observed on the
methomyl and thiodicarb treated plants than on plants treat
ed with other insecticides on the first sampling date (Table
4). On the second sampling date, populations increased on
all plants irrespective of treatment. TPW populations in the
insecticide treated plots did not differ from untreated control
plots. On the third sampling date, significant reduction of
TPW larvae was observed when plants were treated with B.

Table 4. Mean numbers of tomato pinworm larvae per 20-leaf samples treated with various insecticides.
Number of larvae on different dates, 1995
Insecticides

Rate kg ai/hectare

Fenoxycarb

0.07

Pymetrozine

0.12

Fenoxycarb + Pymetrozine

0.07

6June

Average

5.0ab

2.8d-e

5. lab

5.0ab

5.0ab

4.3a-c

20 May

29 May

6.5a'

6.3a

2.5a-c

4.5a

14 May

0.12

1.8a-c

5.8a

4.5ab

5.3bc

4.3a-c

Oxamyl

0.56

4.0ab

4.8a

4.3ab

6.5ab

4.9a-c

Methomyl

0.50

0.8bc

5.0a

7.8ab

2.3e

3.2c-e

Cyfluthrin

0.05

2.8a-c

5.3a

5.8ab

4.5b-d

4.6a-d

B. thuringiensis

1.3bc

4.5a

2.5b

3.5c-e

3.0de

Thiodicarb

1.12
0.28

1.8a-c

4.0a

5.0ab

3.3c-e

3.5b-e

Thiodicarb

0.45

0.0c

3.0a

3.8b

3.8c-e

2.6e

Control

0.00

5.5ab

3.3a

8.8a

8.8a

6.6a

'Means within a column followed by the same letter are not significantly different (P>0.05; Ryan-Einot-Gabriel-Welsch multiple F test [SAS Institute, 1986]).
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Table 5. Mean numbers of tomato pinworm larvae per 20-leaf sample treated with various insecticides.
Number of larvae on different dates, 1996
Insecticides

Rate kg ai/hectare

02 May

09 May

16 May

22 May

Average

2.10b

Mattch®

4.7 liter

2.17a'

1.08b

3.17bc

2.00b

Xentari®

1.12

1.42a

0.25b

3.42bc

2.00b

1.77b

Methomyl

0.50

1.92a

0.33b

2.33c

2.67ab

2.48b

Fenpropathrin

0.15

1.67a

0.67b

4.25b

3.33ab

2.48b

Fenpropathrin

0.22

2.25a

1.00b

2.42ab

2.46b

Control

0.0

2.83a

3.33a

4.17bc
7.67a

4.08a

4.48a

'Means within a column followed by the same letter are not significantly different (P>0.05; Ryan-Einot-Gabriel-Welsch multiple F test [SAS Institute, 1986]).

Table 6. Mean numbers of tomato pinworm larvae per 20-leaf sample treated with various concentrations of chlorfenapyr.
Number of larvae on different dates, 1996
Insecticides

Rate kg ai/hectare

29June

5july

12 July

18July

Average

Chlorfenapyr

0.05

14.0a'

4.5b

0.0b

0.0b

4.63b

Chlorfenapyr

0.08

13.0a

4.5b

0.5b

0.0b

4.50b

Chlorfenapyr

0.12

9.3a

3.8a

0.0b

0.0b

3.25b

Chlorfenapyr

0.17

12.5a

3.0b

0.25b

0.0b

3.93b

14.8a

12.5a

9.0a

11.69a

Control

10.5a

'Means within a column followed by the same letter are not significantly different (P>0.05; Ryan-Einot-Gabriel-Welsch multiple F test [SAS Institute, 1986]).

thuringiensis and thiodicarb. Mean numbers of pinworm lar

vae in the remaining treatments did not differ from untreated
control. On the fourth sampling date, all insecticides except

In the varietal trial, TPW population pressure was low (Ta
ble 7). None of the varieties showed a significant reduction in
the number of TPW.

oxamyl significantly reduced TPW larvae when compared

In summary, various insecticides showed promising re

with the untreated control. When mean numbers of larvae on

duction results of TPW laboratory and field strains. B. thuring

all sampling dates were averaged, the high rate of thiodicarb

iensis (Mattch® and Xentari®) was effective in reducing TPW

was most effective in reducing TPW larvae; followed by B. thu

population, and was comparable to other chemical insecti
cides. Among the chemical insecticides, chlorfenapyr, oxam

ringiensis, and methomyl.

In the second field study, there was no difference in the
numbers of TPW in various treatments on the first sampling

yl,

methomyl,

thiodicarb,

cyfluthrin,

and

pymetrozine

significantly reduced TPW in the field. The integration of B.

date (Table 5). TPW populations decreased significantly on

thuringiensis based products with conventional insecticides

subsequent sampling dates treated with various insecticides.

will provide improved management of TPW. The probability

When treatments were averaged across the season, mean

of developing resistance by this insect to any of the products

numbers of TPW were significantly less on the treated plants

can be delayed by rotating two or more products of different

than on the untreated control plants.

chemical classes.

In the third field study, chlorfenapyr reduced TPW popu

However, these findings do not constitute a specific insec

lations significantly in all treatments compared to the untreat

ticide recommendation by IFAS. Insecticides should be used

ed control (Table 6). The reduction in the numbers of TPW

in accordance with the label and on an as needed basis. It is

larvae was consistently less on all sampling dates than on the

the belief of the authors that a rotational program should be

control. Similar reductions in the number of TPW were ob

formulated to meet the control strategy of product integra
tion.

served when mean numbers of larvae on all sampling dates

were averaged.
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METHYL IODIDE A REPLACEMENT OF METHYL BROMIDE AS A SOIL FUMIGANT FOR
TOMATOES
R. T. McMillan, Jr. and H. H. Bryan
University of Florida, IFAS
Tropical Research and Education Center

soils mainly due to soil-borne pathogens, nematodes and
competition from weeds (Volin and McMillan 1973).

Homestead, FL 33031

The soil fumigants were primarily designed for the con
trol of plant pathogenic nematodes and insect pests in the
soil. These chemicals were later found to be effective in the

H. D. Ohr andJ.J. Sims

control of soil-borne fungi and bacteria. Some of the early

University of California

Riverside, CA
Additional index words. Soil borne disease, Prenochaeta lycopersici, nematode, Meloidogyne incognita, weeds, Cyperus esculen
tus.

preplant fumigants were: D-D, ethylene dibromide, ethylene

dichloride, carbon disulfide, propylene dichoride, hydrocyanie, sulfur dioxide, tetrachloroethane, ethide, and others
(Averre et al., 1965; Geraldson et al., 1965; Jones et al., 1971;
Stakman and Harrar, 1957; Volin and McMillan, 1973). How
ever, the most effective and universally used fumigant has
been methyl bromide with its companion fumigant for fungi

Abstract. The purpose of this field study was to determine if me
thyl iodide when applied under plastic mulch, would reduce or
eliminate the effects of soil pathogens, nematodes, and pro
vide weed control. Five soil fumigants, methyl-bromide, MC33
(67% methyl bromide + 33% chloropicrin), chloropicrin, methyl
iodide (MC2) and methyl iodide + chloropicrin were evaluated
for control of soil-borne diseases, root knot nematode, yellow
nutsedge weed control, and for fruit yield on 14 March 1995.
Methyl bromide (MC2) and MC33 were injected into soil beds at
250 lbs/acre and methyl iodide was applied at 375 lbs/acre. The
intention was to inject methyl iodide on an equal molar rate
with methyl bromide (MC2). Chloropicrin was injected at 75 lbs/
acre. All of the fumigants were injected at 71% of commercial
fumigation rates. Methyl bromide(MC2), MC33, methyl iodide +
chloropicrin, and methyl iodide provided statistically signifi
cant control of corky brown root rot, Pyrenochaeta lycopersici,
rootknot nematode, Meloidogyne incognita, and yellow nutsedge, Cyperus esculentus. Methyl bromide and methyl iodide
+ chloropicrin provided significantly more fruit than the other
treatments, including the control.

Fresh market tomatoes have been grown in Dade County,

Florida for over 40 years (Agricultural Experiment Stations
Annual Report, 1954). There has been no virgin agricultural

soils in South Florida for over 25 years. Most of the land has
been used for tomato production, alternately or consecutively
for over 45 years. Tomato production declines on these old

and bacteria, chloropicrin (Anonymous, 1993).

The proceedings of the Montreal Protocol of 1991 and its
1992 amendment, categorized methyl bromide as an ozone
depleting chemical (Albritton and Watson, 1992). Having
been designated as such, all production, importation and use

of the substance in the United States must be phased out by
the year 2001 (Ohr et al., 1996).

The purpose of this field study was to evaluate methyl io
dide as a potential replacement for methyl bromide and to
determine if methyl iodide, when applied under plastic

mulch, would reduce or eliminate the effects of soil-borne
corky brown root rot, Pyrenochaeta lycopersici (Alfieri et al.,
1991), rootknot, Meloidogyne incognita and yellow nutsedge,

Cyperus esculentus.
Materials and Methods

The field trial was conducted in Rockdale sandy loamlimestone on 19 December 1994. Prior to fumigation, soil
beds were formed 48 inches wide and 6 inches high on 6 ft

centers. Each treatment plot was 25 feet long and replicated
five times. Fertilizer at 210N-240P-240K lbs/acre was banded
and rototilled into the bed.

Five soil fumigants, methyl bromide(MC2), MC33(67%
methyl bromide + 33% chloropicrin), chloropicrin, methyl
iodide and methyl iodide + chloropicrin were used. Methyl
bromide (MC2) and MC33 were injected into soil beds at 250
lbs/acre and methyl iodide was applied at 375 lbs/acre. The
intention was to inject methyl iodide on an equal molar rate

Florida Agricultural Experiment Station Journal Series No. N-01357.

200

with methyl bromide. Chloropicrin was injected at 75 lbs/
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