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Abstract. Four dwarf cherry tomato (Lycopersicon esculentum
Mill. cvs. 'Micro-Tom', 'Florida Petite', 'Florida Basket', and
'Florida Lanai') were infested with silverleaf whitefly (Bemisia
argentifolii Bellows and Perring). Silverleaf whitefly feeding in
duced tomato irregular ripening (TIR), a fruit disorder. TIR was
expressed externally as red longitudinal streaks with yellow,
green, or red blotches. Internally, dry, white tissue occurred
primarily in the pericarp (endocarp) and less often in the radial
pericarp between the locules of the infested fruit. Each cultivar
was susceptible with varying severities to development of TIR
symptoms. Some fruit which expressed external TIR symp
toms early during the ripening process eventually turned full
red during storage. However, infested fruit almost always re
tained white tissue and dry texture internally.

Tomato irregular ripening (TIR) is a fruit disorder in
duced by feeding of silverleaf whitefly (SLW), Bemisia argenti
folii Bellows and Perring
(Homoptera: Aleyrodidae)
(Maynard and Cantliffe, 1989), formerly known as sweetpota
to whitefly, Bemisia tabaci Gennadius (Bellows et al., 1994).
Florida tomato growers spend about $25 million annually in
direct fruit losses and control costs of the SLW (Schuster et
al., 1989). Silverleaf whitefly is a phloem feeder and uses its
piercing sucking mouthpart (stylet) to penetrate through the
epidermis and mesophyll layer to reach the vascular bundle.
Whitefly-infested tomato plants do not exhibit any abnormal
symptoms on the foliage (Schuster et al., 1990).
The symptoms of the TIR disorder appear as uneven color
development during ripening in tomatoes. Externally, the
whitefly infested tomato fruit has been reported to ripen with
red longitudinal streaks over the locule septa, followed by
blotches of red, yellow and green in the intermediate sections.
When the fruit is cut open, white or yellow tissues were report
ed to occur internally (Maynard and Cantliffe, 1989; Schuster
et al., 1990). The severity of the external TIR symptoms has
been related to the density of the whitefly infestation, however,
the symptom severity could be reduced by using insecticides
(Schuster et al., 1990). "Star" formation at the blossom end has
also been associated with SLW-infested fruit (Maynard and
Cantliffe, 1989; Schuster et al., 1990). According to Schuster et
al. (1990), a faint star appears at the blossom end in both inFlorida Agricultural Experiment Station Journal Series No. R-05531. We
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fested and non-infested fruit, and is not related to the disorder,
except for the golden star that extends longitudinally.
Some fruit with external TIR symptoms may ripen com
pletely if stored for an extended period of time (Maynard and
Cantliffe, 1989). Powell and Stoffella (1995a) reported that
external TIR symptoms in some tomato fruit (cv. Sunny) dis
appeared as ripening was completed, but a high percentage
of these fruit retained internal TIR symptoms, specifically
white tissue.
There are no known tomato cultivars reported to be resis
tant to the SLW and the induction of TIR. Powell and Stof
fella (1995b) evaluated nine commercially grown freshmarket cultivars of tomato and concluded that none was com
pletely resistant to the induction of TIR. During the fall and
spring experiment, incidence of external (12% to 37% and

6% to 24%) and internal (39% to 69% and 33% to 55%) TIR
symptoms were sufficiently high to result in significant reduc

tion of yield and quality for fresh-market fruit. However, dif
ferences in severity of the external symptoms could be used as
a criteria for selecting cultivars for fresh-market production.
The purpose of this experiment was to evaluate the symp
tomatology of external and internal TIR induced by SLW in
dwarf cherry tomatoes under greenhouse conditions.
Materials and Methods

Plant establishment. The experiment was conducted in the
summer of 1995 at the Entomology and Nematology Depart
ment, University of Florida, Gainesville, Florida. Dwarf cherry
tomatoes cvs. 'Micro-Tom', 'Florida Basket', 'Florida Petite',
and 'Florida Lanai' seeds (donated by J. W. Scott, Central
Florida Research and Education Center, Bradenton, FL)
were sown in trays (72 cells/tray; 4 x 4 x 6 cm) filled with Vergrow Transplant Mix A (V-J Growers Supply, Apopka, FL)
containing Canadian sphagnum peat moss, coarse grade vermiculite, starter nutrient charge, and a wetting agent. The
seeds were germinated in a growth chamber with fluorescent
light (14 hr light and 10 hr dark at 27°C).

After 17 days, the germinated seedlings were transplanted
into plastic pots (16 x 16 cm) filled with Vergrow Container
Mix A (V-J Growers Supply, Apopka, FL), which contained
Canadian sphagnum peat moss, coarse grade vermiculite,
perlite, starter nutrients containing major and minor essen
tial elements, and a wetting agent. Seedlings were maintained
in a whitefly-free condition in the greenhouse. Hand watering
was scheduled once a day, and the plants were fertilized with
20N-16P-8K (2.5 g/ liter) once a week.
Oviposition of SLW on dwarfcherry tomato. Thirty days after
transplanting, one plant from each of the four cultivars was
randomly placed in each of nine screened (61 x 61 x 61 cm)
cages. The cages were wood frame covered with a light brown
high density polyethylene (52 x 52) mesh fabric (Lumite,
Gainesville, GA). Plants were placed in the cages for 24 hr be
fore infestation.

Whitefly infestation. The experimental design was a ran
domized complete block design with four plants per cage
(block) and each cultivar was replicated nine times. A total of
36 plants were used in this experiment. At this stage, all the
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pots were watered heavily because the cages were not opened
during the initial whitefly infestation. About 50 pairs of whiteflies were released in the center of each cage. Whiteflies were
obtained from a laboratory SLW colony maintained on cotton
and collard plants (Entomology and Nematology Depart
ment, University of Florida, Gainesville, FL). The SLW infes
tation on the tomato plants was continued for 72 hours.
Temperatures ranged from 25 to 37°C and relative humidity
from 55 to 100% in the greenhouse during the experiment.
WJiitefly sampling and count. At the end of the 72-hr SLW
exposure period, plants were removed from the cages for leaf
sampling. Four terminal leaflets at mid-canopy were collected
from each plant and placed in plastic bags. Sampling was per
formed carefully so as not to damage the plants since these
same plants were later grown to maturity for fruit samples.
Leaves were refrigerated at 8°C. Eggs were counted on the up
per and lower leaf surface under 15x magnification, and each
area was measured with a leaf area meter (Model LI - 3000 A,
LI-COR Inc., Lincoln, NE).
After leaf sampling, plants were arranged in a randomized
complete block experimental design on a greenhouse bench
without the cages. The remaining SLW eggs, nymphs, and
adults on the leaves from the initial infestation were allowed
to continue infesting the tomato plants for about 6 weeks or
as long as there were fruit on the plant. Watering and fertili
zation were maintained as previously described.
TIR symptom development. Tomato fruit were harvested ev
ery other day from breaker to pink stage and stored at 20°C.
Fruit harvest continued as long as there was fruit on a plant.
Color development was monitored daily for external TIR
symptoms which included external streaks and blotchiness.
Fruit were marked to indicate TIR incidence when symptoms
appeared. At the full red stage (determined by color develop
ment on the red portions of disordered fruit), external TIR
symptoms were evaluated for symptom disappearance, and
blossom end "star" formation. Fruit were sliced in half to ob
serve any internal white tissue development.
The TIR symptoms expression was collected as a % of to
tal fruit harvested and the percentage was transformed using
arcsine square root, prior to conducting analysis of variance.
All measured variables were subjected to analysis of variance
using SAS (SAS Institute, 1990). Genotype mean was separat

ed by Waller/Duncan multiple k-ratio comparison at 5% lev
els of significance.
Results

Oviposition of SLW on Dwarf Cherry Tomatoes. All four culti
vars of dwarf cherry tomatoes were susceptible to oviposition

by SLW. However, there was no significant oviposition prefer

Table 1. Population levels of SLW on dwarf cherry tomatoes after 72 hours
of infestation.
Cultivar

Eggs/cm**

Micro-Tom

1.64

Florida Basket

1.75

Florida Petite

1.46

Florida Lanai

1.77

'Egg/cm-=total eggs upper and lower (4) leaf/total area upper and lower
(4) leaflet.

>Main effect of cultivars was nonsignificant.

maining fruit surface usually appeared yellow, but sometimes
blotches of red, yellow and/or green color developed as the
fruit ripened (Fig. 1). At high levels of infestation, SLW may
feed on the fruit itself. These fruits exhibited white spots at
the full red stage. Under a dissecting microscope (15x magni
fication) , puncture wounds were observed in the center of the
white spots, possibly from the feeding of the SLW at the green
stage, and the puncture enlarged as the fruit expanded.
The appearance of external TIR symptoms was observed
in all the cultivars, but at different rates and severities (Table
2). The dwarf cherry tomatoes were initially evaluated at the
breaker to pink stage. 'Florida Basket', 'Florida Petite' and
'Florida Lanai' had significantly higher incidence of external
TIR at pink stage as compared to 'Micro-Tom'. At full red
stage, 'Florida Basket' and 'Florida Lanai' had a significantly
higher incidence of external TIR symptoms than 'MicroTom' (Table 2). Overall, 'Florida Basket' secured the highest
percent of fruit with external TIR symptoms at pink and full
red stage. 'Micro-Tom' had significantly lower incidence of

external TIR symptoms at pink and full red stage than the
other cultivars. At full red stage, external TIR symptoms in

some fruit from each of the cultivars had disappeared up to

18 - 37%, although not significantly different among cultivars
(Table 2).
The incidence of star formation at the blossom end of the
fruit was high (62-95%) in all the cultivars. The star devel
oped longitudinally and was concentrated at the blossom end
(Fig. 2). The star is usually yellow or golden in color, but
sometimes appeared only as a thin cross or lines at the blos
som end. 'Florida Lanai' and 'Florida Basket' had significant
ly more fruit with star formation as compared to 'Florida
Petite' with 95% and 90% incidence compared to 62%, re
spectively, and with 'Micro-Tom' intermediate at 75% (Table

2).

'Florida Basket' had the highest incidence of white tissue

as compared to 'Florida Petite, 'Micro-Tom', and 'Florida
Lanai' (Table 2). The white tissue surrounded each of the locules (inner pericarp) and the pericarp (endocarp) of the

ence among the four cultivars (Table 1). Most of the eggs
were laid on the lower leaf surface (data not included). In ad
dition, there was no observable leaf damage such as chlorotic

spots from the direct feeding of the adult SLW. High honeydew production and sooty mold growth were observed in later
stages of plant growth as the SLW population increased.
TIR Symptom Development. Dwarf cherry tomatoes at the
mature green or early breaker stage did not exhibit TIR symp
toms, except for slight yellow color around the shoulder and/
or the development of "star breaker" at the blossom end of
the fruits. Initially, the external TIR symptoms appeared as
faint red longitudinal streaks over the locule septa, beginning
from the blossom end to the stem scar of the fruit. The re194

Figure 1. External symptom development begins with (left) faint to (mid
dle) distinct longitudinal streaks at pink stage, and (right) blotchiness at full

red stage in Florida Petite.
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Table 2. Percent of fruit exhibiting TIR symptom development and disappearance in dwarf cherry tomatoes infested with SLWz.
External TIR Symptoms
Internal TIR

Symptom

No. of Fruit

Cultivar

Pink Stage

Full Red Stage

Disappearance y

Star Formation

Symptom

86 be

75 be
90 ab

99 a

32 c

14b

18

Florida Basket

181

82 a

52 a

30

Florida Petite

137

37

62 c

90 b

106

71 ab
67 b

34 ab

Florida Lanai

44 a

23ns

95 a

82 c

97

Micro-Tom

'Values were subjected to arcin(sqrt((tirmp+0.1)/100)) transformation.
'Percentage of fruit that had external TIR symptoms disappeared at full red stage.
"Mean separation by Waller/Duncan multiple range test, P < 0.05 level. NS indicates no significant differences among cultivars.

FLORIDA

LANAI

Figure 2. Star formation (left) at the blossom end, and a complete exter
nal symptoms disappearance (right) in SLW infested Florida Lanai.

SLW-infested fruit (Fig. 3). Some fruit also exhibited small
circles or patches of white tissue in the endocarp, possibly as
sociated with low SLW infestation. The white tissue also had a
firm, dry texture, which consequently increased the firmness

Figure 3. Internal white tissue symptom in the inner pericarp and around
each locule of SLW infested Florida Petite.

of the whole fruit.

tomatoes was associated with SLW feeding. Initially, feeding

fruit exhibiting TIR symptoms at the pink stage. The TIR
symptom expression reported here is consistent with other re
ports on commercial fresh-market tomato cultivars (Maynard
and Cantliffe, 1989; Schuster et al., 1990), including the ex
ternal TIR symptom disappearance (Powell and Stoffella,

of the SLW did not induce any physiological disorder on the

1995a).

Discussion

The development of external and internal symptoms of
the fruit disorder, tomato irregular ripening, on dwarf cherry

foliage. However, continued feeding of the SLW at high pop

Internal Symptoms. Internal white tissue (82 to 99%) was

ulation at a later stage of plant development caused chlorotic

more commonly observed than the external symptoms at the

and necrotic spots on the leaves. Honeydew secretion by the

pink (32 to 82%) and full red (14 to 52%) stages. However,
once white tissue is formed in the fruit, symptoms may never
disappear from SLW-infested fruit. This phenomenon has
also been observed by the authors in commercial tomatoes.

immature and mature SLW onto the leaves and fruit became
a medium for sooty mold which appeared as a dark layer on
the leaves and fruit. The sooty mold on the leaves could affect
photosynthesis and transpiration rate, and consequently re

duce yield and quality of the tomato fruit.
External Symptoms. 'Micro-Tom', 'Florida Basket', 'Florida

Petite', and 'Florida Lanai' were all susceptible to the oviposition of SLW, and the induction of TIR symptoms, although

the severity of the symptoms was different among the culti
vars. External TIR symptoms were expressed as longitudinal

red streaks with yellow, green, or red blotches in the interme

diate portions of the fruit. Furthermore, the external TIR
symptoms disappeared in some fruit during ripening, rang
ing from 18% ('Micro-Tom') to 37% ('Florida Petite') of the
Proc. Fla. State Hort. Soc. 109: 1996.

The best indication of SLW infestation in tomato was the
internal white tissue in the pericarp area followed by the ex
ternal red streaks on the surface of the fruit. The develop
ment of the star at the blossom end is another criterion to
consider, but it was not consistently associated with SLW infes
tation. Some tomato cultivars naturally exhibit the golden
star during the ripening process of the fruit only to have the
star disappear at full red stage. Each of the cultivars exhibited
high incidence of external and internal TIR symptoms which
would have resulted in high losses for growers due to reduced
marketable yield and quality for fresh-market cherry tomato.
195
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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
Proc. Fla. State Hort. Soc. 109: 1996.

