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Introduction

The sweetpotato whitefly, Bemisia tabaci
(Gennadius), has been recorded in the United States
since the late 1800s. Before 1986, it was only an
occasional pest of cultivated crops. However, in 1986
in Florida, the insect we called B. tabaci became an
extreme economic pest. It was found attacking crops
that it had not infested previously, such as poinsettia,
and was resistant to many formerly effective
insecticides. It transmitted new plant-pathogenic
viruses that had never affected cultivated crops and
induced plant physiological disorders, such astomato
irregular ripening and squash silverleaf disorder. This
whitefly was thought to be a new biotype of B. tabaci
(designated varioudly as B biotype, Florida biotype,
or poinsettia biotype), possibly introduced from the
Middle East. It quickly moved into other southern
states with intensive agricultural and horticultural
industries (Texas, Arizona, and California), and
displaced the original B. tabaci (A biotype), which
can no longer be found in the United States. The B
biotype was described in 1994 as a new species,

Bemisia argentifolii Bellows & Perring. I1ts common
name is the silverleaf whitefly, because of its unique
ability to induced silverleaf disorder in squash. The
designation of thisinsect as a new speciesis not
universally accepted and | will refer to B. tabaci B
biotype (= B. argentifolii) as Bemisia.

Distribution

Bemisia is primarily a pest of cultivated plantsin
tropical and warm temperate regions of the world. It
is found throughout the southern United States and
can overwinter outdoors as far north as South
Carolina. It isfound infesting greenhouses in more
northern latitudes in the United States and Canada. It
iswidely distributed throughout the Caribbean
|slands, Central and South America, and Mexico. It is
present throughout much of southern Europe, Africa,
India, and has recently moved into Australia.
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Figure 1. 'Florida Lanai' cherry tomato showing internal
symptoms of Bemisia-induced tomato irregular ripening
disorder (bottom) and control fruit from uninfested plant
(top). (Bemisia = sweetpotato whitefly B biotype, Bemisia
tabaci (Gennadius), or silverleaf whitefly, Bemisia
argentifolii Bellows & Perring). Credits: Shahab Hanif-khan,
University of Florida

Figure 2. 'Zucchini Elite' showing symptoms of
Bemisia-induced squash silverleaf disorder. (Bemisia =
sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: Yasmin Cardoza, University of
Florida

Description and Life History

Infestations of whiteflies, especially in
greenhouses, may occasionally be a mixture of
Bemisia and Trialeurodes vaporariorum (Westwood),
the greenhouse whitefly. They can be differentiated at
the adult stage based on the position in which the
wings are held over the body while alive (see
examplein Whitefly Knowledgebase), close to the
body and tent-like in Bemisia, and more loosely in T.
vaporariorum. Another way to differentiate adult
Bemisia and T. vaporariorumis to examine the
compound eyes using a microscope. The upper and

lower compound eyes of T. vaporariorum are
completely divided whereas they are joined by one
ommatidium in Bemisia. Adult Bemisia are soft and
whitish-yellow when they first emerge from their
nymphal exuvia. Within afew hours, their two pairs
of wings become iridescent white due to the
deposition of a powdery wax. The body remains light
yellow with alight dusting of wax. The body of the
femal e measures 0.96 mm from the tip of the vertex
(head) to the tip of the abdomen, while the maleis
somewhat smaller at 0.82 mm.

Figure 3. Adult Bemisia argentifolii Bellows & Perring or B.
tabaci (Gennadius), B strain. Credits: Scott Bauer, USDA

Adult whiteflies emerge through a T-shaped dlit
in the integument of the last nymphal instar. The
remaining white, transparent "shell" is called the
exuvia. If the exuvia has around holein it rather than
adlit, an adult parasitoid emerged. Adults that emerge
may simply fly up the same plant or over to another
plant. These are called trivial flights. Some
individuals however, are primed for short-distance
migration of up to several kilometers. Migrating
individuals usually develop on plants that are
senescing. These migrations can often be massive and
can lead to severe infestation of newly planted crops.

Asfar as we know, the sexes do not rely on
pheromones to locate one another. Mating can occur
as soon as the whiteflies have expanded and hardened
their wings, usually within afew hours. Bemisia has
arrhenotokous parthenogenetic reproduction where
virgin females can only lay haploid eggs which give
rise to males. Mated females can produce haploid and
diploid (female) eggs. Thereisusualy a
pre-oviposition period of less than aday to afew
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Figure 4. Exuvia of Bemisia with characteristic T-shaped
whitefly adult emergence slit (left), and exuvia of Bemisia
with round emergence hole through which an adult
parasitoid emerged (right). (Bemisia = sweetpotato whitefly
B biotype, Bemisia tabaci (Gennadius), or silverleaf
whitefly, Bemisia argentifolii Bellows & Perring). Credits:
Jane C. Medley, University of Florida

days, depending on the temperature. The female lands
on aplant, using visual stimuli such as plant color,
and walks or fliesto the lower surface of aleaf. She
tests the suitability of the plant by probing the leaf
with her piercing-sucking mouthparts and ingesting a
small amount of sap. Chemoreceptors on the tip of
her mouthparts and within her mouthparts sense the
leaf's chemical composition. If the host plant is
deemed acceptable, she will insert her mouthpart
styletsinto the phloem from where she sucks plant
sap. While sheis feeding she may lay eggs, oftenin a
semi-circular arrangement as she swivels her body
around her feeding site. Female longevity can range
from 10 to 24 days during which time she can lay
between 66 and 300 eggs, depending on host plant
and temperature.

Whitefly eggs are oval in shape and somewhat
tapered towards the distal end. The broader end has a
short stalk, 0.024 mm, that isinserted by the
ovipositing female into the leaf. The egg obtains
moisture through this stalk. The egg is approximately
0.21 mm in length and 0.096 mm in width. Theegg is
pearly white when first laid but darkens over time.
Thedistal end of the egg becomes dark brown just
before the first nymphal instar ecloses. At 25° C, the
eggswill hatch in six to seven days.

Thefirst nymphal instar is capable of limited
movement and is called the crawler. It is oval in shape
and measures approximately 0.27 mm in length and
0.14 mm in width. The dorsal surface of the crawler

Figure 5. Newly laid eggs of Bemisia are pale yellow while
those about to hatch are dark brown. (Bemisia =
sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: James Castner, University of
Florida

is convex while the ventral surface, appressed to the
leaf surface, isflat. The crawler has three pairs of
well-devel oped four-segmented | egs,
three-segmented antennae, and small eyes. It is
whitish-green in color and has two yellow spots, the
mycetomes, visible in the abdomen through the
integument (skin). The mycetomes house several
species of endosymbiotic bacteriathat may play an
important role in whitefly nutrition. The crawlers
usually move only afew centimetersin search of a
feeding site but can move to another leaf on the same
plant. They initiate feeding on the lower surface of a
leaf, also feeding in the phloem. After they have
begun feeding, they will molt to the second nymphal
instar, usually two to three days after eclosion from

the egg.

The second, third and fourth nymphal instars are
immobile with atrophied legs and antennae, and small
eyes. The nymphs secrete a waxy material at the
margins of their body that helps adhere them to the
leaf surface. Nymphs are flattened and oval in shape,
greenish-yellow in color, and range from 0.365 mm
(second instar) to 0.662 mm (fourth instar) in length.
The mycetomes are yellow. The second and third
nymphal instars each last about two to three days.

The red-eyed nymphal stage is sometimes called
the "pupal stage". There is no molt between the fourth
nymphal instar and the red-eyed nymphal stage but
there are morphological differences. The fourth and
red-eyed nymphal stages combined lasts for fiveto
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Figure 6. Various nymphal instars of Bemisia. (Bemisia =
sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: James Castner, University of
Florida

six days. The stage gets its name from the prominent
red eyes that are much larger than the eyes of earlier
nymphal instars. The red-eyed nymphal stageisaso
less flattened and more convex in shape. This stageis
more yellow than the fourth instar and the mycetomes
are less visible. The red-eyed nymphal stages of
Bemisia and T. vaporariorum can be distinguished
easily in amixed infestation. The sides of Bemisia
red-eyed nymphs are boat-shaped or wedged (see
example in Whitefly Knowledgebase) while those of
T. vaporariorum are perpendicular to the leaf surface.
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Figure 7. Red-eyed nymphal or "pupal" stage of Bemisia.
(Bemisia = sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: James Castner, University of
Florida

Hosts

Bemisia is widely polyphagous, feeding on over
500 species of plantsin 74 families. Its hosts include

vegetable, field, and ornamental crops. Of the
important vegetables crops grown in Florida, Bemisia
isamajor pest of tomato, peppers, squash, cucumber,
beans, eggplant, watermelon, and cabbage. The
Florida-grown field crops of potato, peanut, soybean
and cotton are heavily attacked by Bemisia. The
ornamental host plants of Bemisia are too numerous
to list, but include poinsettia, hibiscus, and
chrysanthemum.

Damage

Bemisia can cause economic damage to plantsin
several ways. Heavy infestations of adults and their
progeny can cause seedling death, or reductionin
vigor and yield of older plants, due simply to sap
removal. When adult and immature whiteflies feed,
they excrete honeydew, a sticky excretory waste that
is composed largely of plant sugars. The honeydew
can stick cotton lint together, making it more difficult
to gin and therefore reducing its value. Sooty mold
grows on honeydew-covered substrates, obscuring the
leaf and reducing photosynthesis, and reducing fruit
quality grade.

Figure 8. Sooty mold developing on soybean leaves
covered with Bemisia honeydew. (Bemisia = sweetpotato
whitefly B biotype, Bemisia tabaci (Gennadius), or
silverleaf whitefly, Bemisia argentifolii Bellows & Perring).
Credits: James Castner, University of Florida

Feeding by immature Bemisia, but not adults, has
been associated with several developmental
physiological disorders of plants. Tomato irregular
ripening was first noted in Florida tomatoesin 1987.
Tomatoes that develop on plants that are heavily
infested with whiteflies may incompletely develop
external color, resulting in streaking. Even if fruits
appear normal externaly, the internal tissue may be
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white, hard, and unripe. It has been estimated that, in
1989, Florida tomato growers lost $25 million to
tomato irregular ripening. Squash silverleaf disorder
is another developmental disorder caused by feeding
of immature whiteflies, also first noted in Floridain
1987. This disorder affects many Cucurbita species,
including the squashes and pumpkins of C. pepo, C.
moschata, and C. mixta. Feeding by immature
whiteflies causes newly developing leaves, but not the
leaves on which they are feeding, to take on asilvery
appearance due to the separation of the upper
epidermis from the underlying cell layer. The
resultant air space reflects light, causing the silvery
color. Fruits that develop on silvered plants may be
bleached, and are of lower quality grade. Other
physiological disorders caused by Bemisia include
lettuce leaf yellowing and stem blanching, carrot light
root, pepper streak, Brassica white stem, and
chlorosis of new foliage of many plants.

Figure 9. 'Florida Lanai' cherry tomato showing external
symptoms of Bemisia-induced tomato irregular ripening
disorder (left) and control fruit from uninfested plant (right)
(Bemisia = sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: Shahab Hanif-khan, University
of Florida

Bemisia vectors several serious plant-pathogenic
geminivirusesin the United States. In Florida, our
main concerns are the tomato yellow leaf curl virus
(TYLCV), tomato mottle virus (TMoV), and bean
golden mosaic virus (BGMYV). Advice for home
gardeners (see Florida Pest Alert for more details) to
manage TYLCV includes destroying and disposing of
symptomatic tomato plants so that they cannot
become a source of inoculum for healthy plants, and
managing Bemisia populations with insecticides, if
necessary.

Figure 10. Poinsettia showing chlorosis of new foliage that
developed during heavy feeding by immature Bemisia.
(Bemisia = sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring).

Figure 11. Tomato foliage showing characteristic
yellowing and leaf curling associated with infection by
Bemisia-vectored tomato yellow leaf curl virus. (Bemisia =
sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring).

Cultural Control

Several cultural controls can reduce Bemisia
populations and lessen their impact on crops. One
important control method is sanitation. During the
growing season, geminivirus-infected plants can be
rogued out and destroyed. After harvest, crop residue
(tomato plants, in particular) should be removed so
that thereis no plant material for large numbers of
whiteflies to carry over the crop-free period, usually
the height of summer.

Israeli researchers have had success with the use
of barriers to keep viruliferous Bemisia from
invading greenhouses. Greenhouses are screened
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with very fine mesh plastic screen. Ventilation must
be increased however, to reduce the likelihood of
infection by plant pathogens. Whitefly infestations
have also been reduced with the use of UV-absorbing
greenhouse plastic films. Whiteflies do not enter
greenhouses or areas covered with this type of plastic
as frequently as they do greenhouses covered in
non-UV-absorbing material.

Colored plastic mulches may be effectivein
reducing whitefly populations and geminivirus
incidence. In Florida, tomato plants mulched with
yellow or aluminum plastic mulches yielded more
and had |ess tomato mottle virus infection than those
planted on white or black plastic mulches. In Costa
Rica, living mulches (e.g., perennia peanut and
cilantro) may reduce somewhat the spread of
geminivirus within tomato fields.

Host plant resistance offers limited hope for
whitefly management. Tomato and bean breeders are
attempting to develop varieties with resistance to
geminiviruses, but these varieties are still some time
from commercialization. No varieties of host plants
have been found to be highly resistant to whiteflies
themselves, however, some plant factors are not
preferred by whiteflies. For example, smooth-leaved
varieties of cotton and soybean are less preferred by
ovipositing female Bemisia than are hairy-leaved
varieties. This holds true for many plant species.
Glossy (lesswaxy) crucifers, such as broccoli and
collard, are less acceptable for oviposition than are
varieties with anormal wax layer.

Biological Control

In Florida, Bemisia rarely reaches outbreak
population levelsin natural environmentsor in
agricultural situations where no insecticides are
applied. In these situations, natural biological control
keeps Bemisia below economically injurious levels.
Much mortality is caused by minute parasitic wasps
(parasitoids) in the aphelinid family. Female
parasitoids lay their eggs inside the whitefly nymph
or between the whitefly and the leaf surface,
depending on the genus of wasp. The immature
parasitoids develop within the whitefly host,
eventually consuming the entire host, except the
integument. The immature parasitoid pupates within

the integument of the host and the adult parasitoid
emerges through around hole. The most common
parasitoids attacking Bemisia in Florida are in two
genera, Encarsia and Eretmocerus. Encarsia
pergandiella (Howard) and Encarsia transvena
(Timberlake) are common throughout the state, while
Encarsia nigricephala Dozier is common in north
central Florida. Several species of Eretmocerus are
also common throughout the state. Eretmocerus
species cause mortality to whiteflies by host-feeding,
in addition to parasitism. Females stab the immature
whitefly repeatedly with their ovipositor and then
turn around and feed from the wound, obtaining
valuable protein with which to provision their eggs.

Figure 12. Parasitoid in the Eretmocerus genus
parasitizing a Bemisia nymph (Bemisia = sweetpotato
whitefly B biotype, Bemisia tabaci (Gennadius), or
silverleaf whitefly, Bemisia argentifolii Bellows & Perring).
Credits: : Heather McAuslane, University of Florida

Figure 13. Pupa of Encarsia pergandiella within body of
Bemisia nymph. (Bemisia = sweetpotato whitefly B biotype,
Bemisia tabaci (Gennadius), or silverleaf whitefly, Bemisia
argentifolii Bellows & Perring).
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Figure 14. Black pupal case of Encarsia transvena within
body of Bemisia nymph. (Bemisia = sweetpotato whitefly B
biotype, Bemisia tabaci (Gennadius), or silverleaf whitefly,
Bemisia argentifolii Bellows & Perring). Credits: James
Castner, University of Florida

Figure 15. Pupa of Encarsia nigricephala (left) and
Eretmocerus sp. (right) within body of Bemisia nymphs.
(Bemisia = sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: James Castner, University of
Florida

Bemisia populations can also be reduced by
predation. Many species of insects, mites, and spiders
feed on immature and adult whiteflies. Some
well-known generalist predators that prey on
whiteflies include Chrysoperla species larvae
(lacewings), Orius species (minute pirate bugs), and
Geocoris species (bigeyed bugs). Several coccinellid
species are specialist whitefly predators, such as
Delphastus catalinae (LeConte) and Nephapsis
oculatus (Blatchely).

Under certain climatic conditions, usually wet
and warm, Bemisia populations can be drastically

Figure 16. Female of an Eretmocerus species
host-feeding on Bemisia nymph. (Bemisia = sweetpotato
whitefly B biotype, Bemisia tabaci (Gennadius), or
silverleaf whitefly, Bemisia argentifolii Bellows & Perring).
Credits: Heather McAuslane, University of Florida

Bemisia nymphs. (Bemisia = sweetpotato whitefly B
biotype, Bemisia tabaci (Gennadius), or silverleaf whitefly,
Bemisia argentifolii Bellows & Perring). Credits: Jack
Dykinga, USDA

reduced by natural epizootics of entomopathogens.
Beauveria bassiana and Verticillium lecanii, two
fungal pathogens with efficacy against Bemisia and
other insects, have been commercialized and are
available for field and greenhouse application against
Bemisia.

In protected plant culture, such as greenhouses, it
is not possible to rely on natural biological control.
Several effective species of parasitoids, such as
Eretmocerus eremicus, and predators, such as
lacewings and the coccinellid D. catalinae, are
available commercialy for control of Bemisia.
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Figure 18. Adult minute pirate bug (Orius sp.) feeding on
Bemisia nymphs (Bemisia = sweetpotato whitefly B
biotype, Bemisia tabaci (Gennadius), or silverleaf whitefly,
Bemisia argentifolii Bellows & Perring). Credits: Jack
Dykinga, USDA

Chemical Control

Bemisia is difficult to control with insecticides
for two reasons; adults and immatures infest the lower
surfaces of leaves which are difficult to reach with
insecticide sprays and they have developed resistance
to many insecticide chemistries. Homeowners would
be best advised to treat populations before they reach
outbreak levels and to spray immature whiteflies with
amixture of insecticidal soap or insecticidal oil in
water (see label for directions). Care should be taken
to cover the lower surface of the leaves. Other
chemical control recommendations can be found at
the following sites:

Insect Management Guide for Vegetables

Insect Management Guide for Field Crops
(includes Cotton, Peanuts and Soybean)

Insect Management Guide for Turf and
Ornamentals

Figure 19. Adult bigeyed bug (Geocoris sp.) feeding on
Bemisia nymphs (Bemisia = sweetpotato whitefly B
biotype, Bemisia tabaci (Gennadius), or silverleaf whitefly,
Bemisia argentifolii Bellows & Perring). Credits: Jack
Dykinga, USDA

Figure 20. Adult coccinellid predator of Bemisia nymphs,
Delphastus catalinae (Bemisia = sweetpotato whitefly B
biotype, Bemisia tabaci (Gennadius), or silverleaf whitefly,
Bemisia argentifolii Bellows & Perring). Credits: Kim
Hoelmer, USDA
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Figure 21. Bemisia nymph infected with the
entomopathogenic fungus, Paecilomyces fumosoroseus
(Bemisia = sweetpotato whitefly B biotype, Bemisia tabaci
(Gennadius), or silverleaf whitefly, Bemisia argentifolii
Bellows & Perring). Credits: Heather McAuslane,
University of Florida
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