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NEW INSECTICIDES IN MANAGING AMERICAN SERPENTINE LEAFMINER,
Liriomyza trifolii ( BURGESS) (DIPTERA: AGROMYZIDAE) IN SOUTH FLORIDA

Dakshina R. Seal, Shashan Devkota and Catherine Sabines, University of Florida-IFAS, Tropical
Research and Education Center, Homestead, FL 33031

Abstract: The American serpentine leafminer, Liriomyza trifolii (Burgess) is a polyphagous
insect. It is an economic pest of all vegetable crops grown in south Florida, USA. Recently, we
evaluated insecticides of various chemical classes to manage leafminer on bean. In the first
study, six insecticide treatments belonging to dimaide, neonicotinoid, pyrazole, and spinosyn
were used once as a soil application. All insecticides effectively suppressed leafminer infested
leaves on beans. In the second study, two insecticides belonging to diamide class at different
rates applied at planting as a soil drench significantly controlled leafminers on beans. In the
third study, foliar formulations of diamide insecticide similarly controlled leafminers. In the
fourth study, pyrethroids alone or in combination with diamide or neonicotinoid provided season
long control of leafminers where insecticide treatments were applied weekly for four weeks.

This study generated some valuable information for controlling American serpentine leafminers
on bean. This information can be used for controlling leafminers on other vegetable crops.

Keywords. Leafminer, insecticide, application method, management
INTRODUCTION

The American serpentine leafminer, Liriomyza trifolii (Burgess) is a major concern of vegetable
growers in south Florida for its unique tropical environment for leafminers’ rapid multiplication
(Seal et al. 2002, Stegmaier 1966; Spencer 1965). Host crops including vegetable, ornamental
and fruit are grown all year round which also facilitate continuous reproduction of leafminer
populations. It has been speculated that leafminer has originated in Florida (Spencer 1965), and
subsequently moved to Caribbean and Canada. With the increase of floral traffic, L. trifolii
dispersed to different parts of the world (Minkenberg and Van Lenteren 1986, Parella 1987,
Minkenberg 1988).  Specifically, L. trifolii is abundant in tropical and subtropical regions
around the world (Capinera 2001). L. trifolii has gained worldwide distribution.

It attacks a diverse group of plants comprising of 400 plants in 25 families (Parella 1987). The
economically important crops attacked by L. trifolii include bean, celery, chrysanthemum, cotton,
lettuce, pepper, potato and tomato, onions and cotton (Seal et al. 2002; Parrella et al. 1985;
Leibee, 1984).

L. trifolii causes damage to host plants by the action of feeding and oviposition which result in
stippled appearance on the leaves (Parella et al. 1985). However the major damage is caused by
larval feeding resulting in long mines. The mines become distinctly visible in three to four days
after egglaying. Mines length increases as larvae grow older feeding on leaf tissues. It has been
observed that occurrence of full grown three mines per tomato leaf may account for yield loss
(Levins et al. 1975, Schuster et al. 1976). Larval mining and stippling greatly reduce ability of
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photosynthesis and affect crop yield. The mines and stipples also serve as entry points for
bacterial and fungal diseases which can be devastating to the host crops.

Insecticides of various modes of action are most commonly used tool for managing leafminers in
commercial agriculture (Ferguson 2004, Cox et al. 1995). During the period of 1946 to 1957,
insecticides belonging to carbamates, orgnanochlorine and organophates were frequently used to
control leafminers and other insect pests on potato and tomato (Wolfenbarger 1954,
Wolfenbarger and Wolfenbarger 1966). Due to extensive use of these insecticides, leafminers
developed resistance against most of the known insecticides in two years (Ferguson 2004; Leibee
1984). As a result it was impossible to control leafminers in Florida (Leibee and Capinera 1995,
Poe and Strandberg 1979).

In 1982 use of cyromazine gave some relief to growers of celery in Florida as L. trifolii
populations came under control by the use of this insecticide. But in 1989, some problems of
resistance with cyromazine were reported from Everglades, Florida. It was reported that L.
trifolii larval mortality was very hard to achieve even at the highest dose (Leibee and Capinera
1995). After 1982, many research studies showed the efficacy of abamectin to control L. trifolii
(Cox et al. 1995; Leibee 1984; Parrella et al. 1985). Seal et al. (2002) reported that abamectin
and spinosad provided better control of L. trifolii. SpinTor”® and Proclaim™ were reported to be
effective in controlling L. trifolii and were relatively benign to natural enemies (Webb_2002).
Ferguson (2004) reported abamectin, cyromazine and Spinosad to be effective against L. trifolii
and suggested that cyromazine resistance was limited to only one place in Florida in celery.

The objectives of this study were to evaluate new insecticides alone or in rotation to control
leafminers. Different methods of application for better efficacy were also tested.

MATERIALS AND METHODS

Three studies were conducted in Tropical Research and Education Center (TREC), University of
Florida-IFAS, Homestead, Florida research plots. The soil type of the study area was a Rockdale
which consists of about 33% soil and 67% pebbles (>2mm). The pH of this calcareous soil
ranged from 7.4 — 8.4. Raised beds, 6 inches high 28 inches wide, were formed. The beds were
open without any mulch cover. Sandea, a preplant herbicide, was broadcast over the bed at the
rate of 0.71 oz/acre three weeks before planting to prevent weeds. At the time of bed formation,
granular fertilizer (N:P:K = 8:16:16) at 1600 lbs./acre was broadcast on the surface of each bed
to fertilize plants. For irrigating plants, beds were provided with two parallel lines of drip Tape
(T-systems, Drip Works, Inc., 190 Sanhedrin Circle, Willits, CA 95490) having 5 inch emitter
spacing to supply 1500 gallons of water/acre/day. The T-tapes were placed 12 inches apart on
both sides of the center of each bed to irrigate and fertigate tomato plants. "Pod Squad’ beans
were directly seeded on 18 July at a depth of 2.5 cm. on the center of the bed with 6 inch spacing
within the row and 36 inches spacing in between the center of two adjacent rows. Addition
liquid nitrogen fertilizer (4:0:8) was injected though irrigation drip line at the rate of 0.5 lbs. per
acre /day starting four weeks after planting and continued weekly for four times.

Various treatments evaluated in three trials were arranged in a randomized complete block
design with four replications. Treatment plots in each study consisted of 30 ft long two beds
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each 3 ft wide. Treatments evaluated in the first study includes: 1. Cyantraniliprole (20 oz/acre,
Verimark® 20 SC, IRAC # 28, DuPont); 2. spinetoram (8.0 oz/acre, Radiant® SC, IRAC #5,
Dow); 3. sulfoxaflor (5.0 oz/acre, Closure®, IRAC # 4C, Dow); 4. chlorantraniliprole (5.0
oz/acre, Coragen”™, IRAC # 28, Dupont); 5. Tolfenpyrad (21 oz/acre, Torac® 15 EC, IRAC #
21A, Nichino); 6. clothianidin (6.0 oz/acre, Belay”, IRAC # 4A, Valent); and 7. a nontreated
control.

In the second study, cyantraniliprole (Verimark™) and chlorantraniliprole (Coragen®™) were
applied once as a soil drench to control leafminers on beans. Three rates of cyantraniliprole (10,
15 and 20 oz/acre) and three rates of chlorantraniliprole (3, 4 and 5 oz/acre) were drenched by
using a backpack sprayer without any nozzle delivering a volume of 150 gpa at 30 psi.

In the third study, foliar formulations of cyantraniliprole and chlorantrniliprole were sprayed
once to compare their residual efficacy in controlling leafminers. Various rates used for each
insecticide were as described above. Treatments were applied using a backpack sprayer
provided with two nozzles/bed delivering 70 GPA at 30 psi.

In the fourth study five insecticide treatments and a control were used to control leafminers on
beans. The treatments evaluated in the study were: 1. Lambda-cyhalothrin (5.5 oz/acre,
Warrior™II, IRAC # 3, Syngenta); 2. Lambda cyhalothrin + thiamethoxam (5.12 oz/acre,
Endigo®ZC =Warrior® + Actara®”; IRAC # 3A+4A), Syngenta); 3. Thiamethoxam (9.0 oz/acre,
Actara® 25 WG, IRAC # 4A, Syngenta); 4. Lambda cyhalothrin + chlorantraniliprole (5.0
oz/acre, Warrior® + Coragen”; IRAC # 3A + 28, Syngenta); 5. Bifenthrin (2.5 oz/acre,
Brigade™2 EC, IRAC # 3A, FMC).

All treatments in the above studies were applied on foliage by using a backpack sprayer with two
nozzles/row. Volume used for spraying each treatment measured 50 — 70 GPA which was
delivered by using 30 psi. Efficacy of each treatment was evaluated by collecting 10 full grown
young leaves from randomly selected 10 plants, one leaf/plant, from each treatment plot. All
leaves from a plot were placed in a zip-lock bag and marked with date, treatment name and
treatment plot. The bags were then transported to the IPM laboratory, TREC, UF at Homestead,
FL. Leaves were checked carefully form leafminers mines. In some trials, all plants in a
treatment plot were checked carefully for leafmines and counted by treatment and treatment plot.

Statistical analysis

Data were transformed using square-root (x + .25) before analysis of variance. The transformed
data were analyzed with one-way analysis of variance (SAS, 1989). Means were then separated
by Duncan’s (1955) multiple range test when significant (P<0.05) values were found in the
analysis of variance (ANOVA).

RESULTS AND DISCUSSION
In the first study, all insecticides were drenched once in soil at planting. On the first sampling
date, mean numbers of leafminer infested leaves/treatment was significantly fewer when bean

plants were treated with Verimark®, Radiant®, Coragen® and Torac® than the nontreated control
(Table 1). Sulfoxaflor and Belay® did not differ from nontreated control in the numbers of
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leafminers infested leaves. On the second sampling date, 7 d after the first sampling date,
Verimark®, Radiant® and Coragen® were effective in significantly reducing leafminer infested
leaves when compared with the nontreated control. Sulfoxaflor, Torac® and Belay® did not
differ from nontreated control. On the third and fourth sampling date, only Verimark® and
Coragen” significantly reduced leafminer. Other treatments did not differ from the nontreated
control. Effectiveness of Radiant in controlling American serpentine leafminerw was reported
by Seal (2002). Spintor”, a same chemical group of Radiant®, is also effective incontrolling
leafminers which is also benign to natural enemies (Webb 2002, Ferguson 2004). Seal et al
(2002) reported that abamectin and spinosad provided better control of L. trifolii. SpinTor® and
Proclaim® were reported to be effective in controlling L. trifolii and were relatively benign to
natural enemies (Webb_2002). Diamide insecticides (Verimark® and Coragen™) were found
effective in controlling leafminers in our various studies using beans, squash and cucumber (Seal
2014, unpublished reports).

Drench application of Verimark® and Coragen®™ provided significant reduction of leafminers
infested bean leaves (Table 2). All rates of Verimark®™ (10. 15 and 20 oz/acre) and Coragen® (3, 4
and 5 oz/acre) provided suppression of leafminers up to third sampling date. On the fourth
sampling date, two higher rates of Verimark® (15 and 20 oz/acre) were effective in reducing
leafminer infested leaves on beans when compared with the nontreated control. Other treatments
did not differ from the nontreated control.

In the third study, Exirel® (10. 15 and 20 oz/acre) and Coragen® (3, 4 and 50z/acre) were sprayed
once on foliage one week after planting (Table 3). All rates of both insecticides, except
Coragen® at 10 oz/acre), significantly reduced leafmines on bean leaves on the 1%, 2" and 3"
sampling dates as compared to the nontreated control. On the fourth sampling date, only Exirel®
treated plants at 15 and 20 oz/acre had significantly fewer leafmines/leaf than the nontreated
control. Other treatments did not differ from the nontreated control. However, mean numbers of
mines/plot on the fourth sampling date showed increasing numbers irrespective of the treatment
rates of both insecticides. Exirel belong to the same active ingredient as Verimark, and is
similarly effective in controlling leafminers. Verimark is applied in soil and Exirel is sprayed on
foliage. Irrespective of the application methods, both products showed potentiality in managing
American serpentine leaf miners.

In the fourth study, we used two pyrethroid treatments (Warrior™ and Brigade™), two premixed
insecticides (Endigo™ and Besiege™) and Actara alone. All insecticide treatments significantly
reduced leafminers mines/bean leaf when compared with the nontreated control (Table 4). Both
Endigo® and Besiege® are premixed products consisting two insecticides belonging to two
modes of action. Endigo®, consisting of Warrior® and Actara™, is effective in controlling
leafminers like its two components which are equally effective when applied individually.
Similarly, Besiege® is a combination of Warrior® and Coragen® where Besiege” is as effective
as two of its components when applied alone. It has been speculated that two effective
insecticides when applied as a premixed might delay in development of resistance.

The results of this study are valuable to the commercial growers in controlling leafminers and
other pests of vegetable. This information can be used to develop an insecticide based

31



management program to delay insecticide resistance in American serpentine leafminers and in
other associated insect pests of vegetable crops.
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Table 1. Mean numbers of leafminers (LM) infested bean leaves per plot treated with various
insecticides at planting as a soil drench.

Mean numbers of leafminers infested leaves/plot

Treatments Rate [oz]/acre 2 Aug 9 Aug 16 Aug 26 Aug
Control 29.00a 76.00a 12.50ab 61.25a
Verimark 20.00 0.00c 0.00d 1.25¢ 3.75¢
Radiant 8.00 0.00c 17.00bc 11.75ab 31.50ab
Sulfoxaflor 5.00 28.00a 67.25a 14.50ab 49.25a
Coragen 5.00 0.25¢ 0.50cd 5.25bc 8.75bc
Torac 21.00 7.75b 51.00ab 16.75a 23.25a-c
Belay 6.00 20.00a 54.25ab 13.50ab 28.50a-c

Means within the column followed by the same letter or no letter do not differ significantly (P>
0.5; DMRT).
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Table 2. Mean numbers of leafminers infested bean leaves/plant treated once with various rates
of two diamide insecticides at planting as a soil drench.

Mean numbers of leafminers infested leaves/plant

Treatments Rate [oz]/acre 22 Aug 29 Aug 7 Sept 14 Sept
Control 9.00a 36.25a 14.00a 57.50a
Verimark 20.00 0.75b 2.50b 0.50b 12.00c
Verimark 15.00 0.25b 6.25b 1.50b 24.50b
Verimark 10.00 0.00b 5.25b 2.50b 30.00 a-c
Coragen 5.00 0.00b 5.25b 2.50b 30.00 a-c
Coragen 4.00 0.00b 2.25b 2.00b 30.00 a-c
Coragen 3.00 0.00bc 11.25b 4.50b 42.25ab

Means within the column followed by the same letter or no letter do not differ significantly (P>
0.5; DMRT).
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Table 3. Mean numbers of leafminers infested bean leaves/plant sprayed once with various rates
of two diamide insecticides at planting.

Mean numbers of leafminers infested leaves/plant

Treatments Rate [oz]/acre 22 Aug 29 Aug 7 Sept 14 Sept
Control 8.25a 28.25a 33.00a 52.25a
Exirel 20.00 0.00b 0.00b 0.25b 15.00c
Exirel 15.00 0.00b 4.25b 0.50b 17.50¢
Exirel 10.00 0.00b 3.25b 1.25b 34.00 a-c
Coragen 5.00 0.00b 3.25b 1.50b 29.00 a-c
Coragen 4.00 0.00b 4.25b 3.00b 27.00 a-c
Coragen 3.00 0.00bc 7.25b 5.50b 39.25ab

Means within the column followed by the same letter or no letter do not differ significantly (P>
0.5; DMRT).
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Table 4. Mean numbers of leafminers mines/bean leaf sprayed weekly with various insecticides.

Mean number of mines/leaf

Treatments Rate [oz]/acre 5 May 12 May 17 May 29 May
Control 1.75b 5.00a 10.00a 14.00a
Warrior 11 5.50 4.25a 2.50b 2.75b 4.00b
Endigo ZC 5.12 0.25¢ 0.00c 0.00c 0.00c
Actara 25 WG 9.00 0.00c 0.00c 0.00c 0.00c
Besiege 4.50 0.00c 0.00b 0.00c 0.25¢
Brigade 2 EC 5.92 0.25¢ 1.75¢ 4.00b 4.75b

Means within the column followed by the same letter or no letter do not differ significantly (P>
0.5; DMRT).
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