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Abstract

Bemisia tabaci was described over 100 years ago and has since become one of the most important pests worldwide in subtropical
and tropical agriculture as well as in greenhouse production systems. It adapts easily to new host plants and geographical regions
and has now been reported from all global continents except Antarctica. In the last decade, international transport of plant material
and people have contributed to geographical spread. B. tabaci has been recorded from more than 600 plant species and there may be
many additional hosts not yet formally documented. Biotypes have been identified in different areas of the world suggesting that B.
tabaci may be a species-complex undergoing evolutionary change. These biotypes may exhibit differences in viruses transmitted and
transmission efficiency, rates of development, endosymbionts, host utilization, and physiological host damage. Excessive B. tabaci
induced losses worldwide occur in field, vegetable and ornamental crop production. Losses occur from plant diseases caused by B.
tabaci transmitted viruses, direct feeding damage, plant physiological disorders, and honeydew contamination and associated fungal
growth. The number of B. tabaci-transmitted plant viruses has increased, and total yield losses of important food and industrial
crops has occurred. Effective control at present is dependent on insecticides. However, this has been achieved with more selective
chemistries, use of action thresholds, and resistance management. Host plant resistance and various cultural methods are also
components of developing integrated management systems. National and international collaborative projects have made significant
progress towards improved characterization of the whitefly problem, increased research, development of management methods,
transfer of technology to the agricultural communities, and information exchange. These projects, as well as intensive education,
research and extension activities form the basis for biologically and ecologically based approaches to management. Published by
Elsevier Science Ltd.
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1. History

Bemisia tabaci (Hemiptera: Aleyrodidae) was de-
scribed in 1889 as a tobacco pest in Greece and named
Aleyrodes tabaci, the tobacco whitefly (Gennadius,
1889). The first B. tabaci in the New World were
collected in 1897 in the United States on sweetpotato.
It was originally described as Aleyrodes inconspicua
Quaintance and given the common name of sweetpotato
whitefly (Quaintance, 1900). In 1928, it was found in
Brazil on FEuphorbia hirtella and described as B.
costalimai Bondar (Mound and Halsey, 1978). In 1933,
the species was collected in Taiwan and described as
B. hibisci (Mound and Halsey, 1978). Further extension
of its geographical range from subtropical and tropical
agriculture systems has occurred to include temperate
climate areas; the species is now globally distributed and
found on all continents except Antarctica (Martin, 1999;
Martin et al., 2000).

The evolutionary affiliations of the Bemisia taxa
within the family Aleyrodidae suggest that B. tabaci
may have originated in tropical Africa and was
introduced quite recently into the Neotropics and
southern North America (Campbell et al., 1996). Some
evidence also suggests that B. tabaci may be native to
India or Pakistan, where the greatest diversity of the
species’ parasitoids have been found, a criteria that has
been considered a good indication of a genus epicenter
(Brown et al., 1995). A detailed review of the nomen-
clature issues surrounding the Bemisia species complex
is provided elsewhere in this volume by Perring (2001).

Since the 1980s, B. tabaci population outbreaks and
B. tabaci-transmitted viruses have become a limiting
factor in the production of food and fiber crops in many
parts of the world (Brown, 1994). For example,
populations of B. tabaci in the Imperial Valley of
California increased 300-fold from the mid-1970s to the
mid-1980s, and 1600-fold from the mid-1970s to the
mid-1990s (Wisler et al., 1998). Numerous reviews are
available on the B. tabaci-transmitted plant viruses
(Costa, 1969, 1976; Bird and Marmorosch, 1978;
Goodman, 1981; Bock, 1982; Harrison, 1985; Brown
and Bird, 1992; Brown, 1994; Duffus, 1996; Polston and
Anderson, 1997; Wisler et al., 1998; Brown, 2001a, b;
Morales and Anderson, 2001). The increasing economic
impact of whitefly populations and whitefly transmitted
viruses are discussed below.

B. tabaci also is a major pest of greenhouse crops,
particularly ornamentals, although major crops under
greenhouse production such as tomato, pepper, beans,
eggplant, and cucumber are also attacked (Cock, 1986).
B. tabaci was first reported causing damage to green-
house ornamentals in the United States by Price et al.
(1986). Rapid spread occurred across the United States
and currently B. tabaci is the most difficult pest to
manage on many greenhouse crops. The presence of
whiteflies on ornamental crops, phytotoxicity resulting
from the need for frequent insecticide use, and
accumulation of honeydew or sooty mold on leaves of
infested plants reduces product aesthetic quality. The
geographic range of B. tabaci now extends to Japan,
Canada and the Netherlands, where greenhouse crops
are affected. A complete report of the B. tabaci problems
in greenhouse production systems is beyond the scope of
this presentation. Readers are referred to the reviews of
Oetting and Buntin (1996) and Heinz (1996) for further
information.

2. Host range and biotypes

B. tabaci has been recorded from more than 600
different plant species (Mound and Halsey, 1978;
Greathead, 1986; Secker et al., 1998) and its polypha-
gous nature has been documented worldwide (Bird,
1957; Costa and Russell, 1975; Bird and Marmorosch,
1978; Butler et al., 1986; Costa and Brown, 1990, 1991;
Costa et al., 1991; Burban et al., 1992). A large number
of cultivated and noncultivated annual and perennial
plant species are recognized as acceptable feeding and/or
reproductive hosts (Butler and Henneberry, 1986; Bed-
ford et al., 1992, 1994a; Brown et al., 1992, 1995). Of the
plant species listed by Mound and Halsey (1978), 50%
belong to five families: Fabaceae, Asteraceae, Malva-
ceae, Solanaceae and Euphorbiaceae. Among the plant
families, the number of host plants per family ranges
from 99 species in the Fabaceae (Basu, 1995) to one
species each in the Begnoniaceae, Lythraceae and
Zygophyllaceae (Mound and Halsey, 1978). The com-
plex host plant association of B. tabaci is epitomized in
Puerto Rico where the polyphagous Sida biotype and
the monophagous Jatropha biotype occur in the same
geographical area but occupy separate ecological niches
(Brown et al., 1995). The current lists of host plants
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(Mound and Halsey, 1978; Greathead, 1986) are
conservative. For example in Brazil, B. tabaci has been
found infesting a number of new crop and weed hosts
(Lima et al., 2000; Oliveira et al., 2000b). New weed
hosts include: Cleome espinosa (Cleomaceae), Senna
obtusifolia (Fabaceae), Herisanthia hemoralis (Malva-
ceae), Richardia grandiflora, Borreria verticilliata
(Rubiaceae), Waltheria indica, W. rotundifolia (Stercu-
licaceae), and Stachytarpheta sanguinea (Verbenaceae)
(Oliveira et al., 2000b); Solanum ambrosiacum (Solana-
ceae), Pavonia cancellata, Herissantia crispa (Malva-
ceae), Diodia teres (Rubiaceae), and Phyllanthus tenellus
(Euphorbiaceae) (S.D. Vasconcelos, personal commu-
nication). Newly reported hosts in the USA include:
Hyperium perfolatum (Hypericaceae), Valeriana officina-
lis (Valerianaceae), Tanacetum parthenium, Echinacea
pallida, E. purpurea (Asteraceae) (Simmons et al., 2000).

The wide range of variations in pupal characteristics
(Mohanty and Basu, 1986) may be related to adaptation
to new hosts and acclimation to different geographical
regions. Host-correlated variation in the morphology of
pupal integument of B. tabaci was demonstrated by
Mound (1963) on tobacco and cassava and by Azab
et al. (1969), on cabbage, cotton, Euphorbia pulcherrima
and Lantana camara (Ananthakrishnan, 1976; Basu,
1995). Mohanty and Basu (1986) and Basu (1995)
demonstrated the combined effect of host plant and
seasonal factors on pupal morphology.

According to Basu (1995), severe field population
outbreaks of B. tabaci in various parts of the world
during the last decade and differences in the range
of host plants in different localities suggest a broad
range of genetic differences within and between popula-
tions. Some recent findings indicate that adaptation
(through selection) of local populations of B. tabaci to
an initially poor host plant can occur within a few
generations (Basu, 1995).

The polyphagous nature of B. tabaci may contribute
to documented biotype variability in virus transmission
(Brown and Bird, 1992; Bedford et al., 1994a; Duffus,
1996; Markham et al., 1996); different rates of develop-
ment (Wang and Tsai, 1996), and morphological
variation in endosymbionts (Costa et al., 1995). Also,
differences occur in host utilization (Brown and Bird,
1992; Burban et al., 1992; Bedford et al., 1994a), ability
to induce physiological changes in some hosts (Costa
and Brown, 1991; Cohen et al., 1992; Bedford et al.,
1994a), and the occurrence of esterase and DNA profile
differences (Liu et al., 1992; Gawel and Bartlett, 1993;
Wool et al., 1993, 1994; Coats et al., 1994; Legg et al.,
1994; Brown et al., 1995; De Barro and Driver, 1997;
Guirao et al., 1997; Gunning et al., 1997).

In the past decade, extensive and intensive surveys
of B. tabaci have been conducted to detect the spread of
the B biotype, and identify other biotypes within the B.
tabaci species complex (Brown, 1993, 1994; Basu, 1995;

Brown et al., 1995; Markham et al., 1996; Chermiti
et al., 1997; Guirao et al., 1997; De Barro et al., 1998;
Quintero et al., 1998; Abd-Rabou, 1999; Berdiales et al.,
1999; Sauvion et al., 1999; Robledo and Sagahon, 1999;
De Barro and Hart, 2000; De Barro et al., 2000;
Demichelis et al., 2000; Lee et al., 2000; Lima et al.,
2000; Oliveira et al., 2000a; Banks et al., 2001). The
diverse array of tools utilized for molecular analysis and
interpretation of results has made it difficult to compare
results and draw conclusions. However, knowledge is
advancing rapidly and an improved understanding of B.
tabaci systematics and epidemiologically useful distribu-
tion patterns are likely in the near future.

3. Economic impact

Reliable estimates of the economic impact of the
B. tabaci species complex on worldwide agriculture have
been difficult to obtain because of the extensive areas
affected, the numbers of crops and ornamentals
involved, and different monetary systems. Over the last
three decades, B. tabaci has caused excessive annual
crop losses. The impact of direct feeding and honeydew
excreta that favors sooty mold production are factors
that affect crop yield in both quantitative and qualitative
terms. Increased control costs and reduced product
marketability and profitability are also important
factors (Ellsworth, 1999).

B. tabaci was first reported to be a serious pest of
cotton in the late 1920s and early 1930s in northern
India (now part of Pakistan) (Misra and Lamba, 1929;
Husain and Trehan, 1933). Subsequently, severe infes-
tations on cotton were recorded in the Sudan and Iran
(1950s), El Salvador (1961), Mexico (1962), Brazil
(1968), Turkey (1974), Israel (1976), Thailand (1978),
Arizona and California, USA (1981), and Ethiopia
(1984) (Basu, 1995).

Historically, heavy infestations in cotton fields often
resulted in significant dispersal to other field crops and
vegetables following termination of the cotton crop.
Insecticide use in many cases resulted in the develop-
ment of resistance and a general failure of control
efforts. In the Sudan, Dittrich et al. (1990) attributed
part of the problem to the ability of insecticide-resistant
B. tabaci individuals to increase their oviposition rates
when under insecticidal stress (hormoligosis). In con-
trast, Eveleens (1983) considered suppression of aphe-
lenid parasitoids with broad-spectrum insecticides as a
major cause of the B. tabaci outbreaks. Castle (1999)
reappraised the Sudan-B. tabaci situation and offered
a more complex explanation for the outbreaks. His
counter argument to the pesticide-induced B. tabaci
problem involved the influence of agricultural intensifi-
cation of cotton acreage, increased fertilizer use and
other production technology, later planting dates, and
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managerial overuse of insecticides. It is likely that all of
these factors have affected B. tabaci population out-
breaks.

In the USA, B. tabaci had been a long time resident in
various agricultural regions throughout the southern
and western states but rarely was an economic pest until
1981 when serious outbreaks occurred in California and
Arizona. In 1986 in Florida, poinsettias were heavily
infested with whiteflies, and silverleaf symptoms were
reported in squash (Price et al., 1986; Maynard and
Cantliffe, 1989). California’s Imperial Valley felt the full
destructive potential of the insect in 1991 (Toscano et al.,
1998). The losses caused in Arizona, California, Texas,
and Florida, in 1991 and 1992 were estimated at about
200 and 500 million USS, respectively; and in Imperial
Valley, California, between 1991-1995, over 100 million
US$ annually (Birdsall, personal communication).
Between 1994-1998, Arizona, California and Texas
cotton growers spent 153.9 million US$ (Ellsworth
et al., 1999) to control B. tabaci and prevent cotton lint
stickiness. In a socio-economic impact study in Cali-
fornia, Gonzalez et al. (1992) concluded that for every
$1 million dollars of primary-induced crop loss, there
was an estimated $1.2 million in loss of personal income
as well as the elimination of 42 jobs.

The years 1991 and 1992 were critical to Mexico,
when B. tabaci caused losses exceeding 33 million US$
by damaging fall melon and watermelon, sesame and
cotton crops in the Mexicali Valley. Also in Mexicali
Valley, cotton production was reduced from 39,415ha
in 1991 to only 653 ha in 1992 (R.L. Lopez, pers. comm.;
Medina Esparza and Leon Paul, 1994). The area planted
with cotton between 1995 and 1996 in Sonora, Mexico
was reduced by 65% as a result of B. tabaci infestations
(Silva Sanchez, 1997).

Soybean production in Sonora, Mexico has also been
greatly impacted by B. tabaci infestations. Areas planted
ranged from 89,000 to 124,000 ha from 1992 to 1994 (E.
Gutierrez-Martinez-Carrillo, personal communication)
and profitability was marginal. Increasing B. tabaci
infestations began to occur in 1991. Chemical control
costs were about $120/ha and not considered particu-
larly effective. Yields declined and profitability was
reduced further (American Soybean Association, 2000).
Subsequently, soybean production decreased to 25,000,
75, 20 and 420 ha, respectively, in 1995, 1996, 1997 and
1998 (E. Gutierrez-Martinez-Carrillo, personal commu-
nication). Production since 1998 has been about 500 ha,
annually. B. tabaci has not been a limiting production
factor on the reduced acreages grown in the last several
years. Other factors such as increasing production costs,
available water, and declining economies have also
contributed to the current low acreages (American
Soybean Association, 2000).

In Central America and the Caribbean, extensive
losses on tomato, okra, cotton, tobacco and melon have

occurred in Cuba, Barbados, Costa Rica, Dominican
Republic, El Salvador, Haiti, Honduras, Guatemala,
Jamaica, Monserrat, Nicaragua and Santa Lucia (Hilje,
1996; Vazquez, 1999). In Guatemala, costs of whitefly
control increased from 30% to 50% on melon, tomato
and pepper. In 1998 and 1999, melon losses exceeding
40% as a result of sooty mold and geminiviruses have
been reported (Davila, 1999).

Since 1995, Brazil has been seriously affected by B.
tabaci. Accumulated losses have exceeded 5 billion USS.
The main crops attacked are beans, tomatoes, cotton,
melons, watermelons, okra, and cabbage, but numerous
other crops are also infested. B. tabaci has spread from
the Southeast to almost all areas of the country (Lima
et al., 2000). Other South American countries such as
Argentina (Viscarret et al., 2000), Colombia (Quintero
et al., 1998), Paraguay (Oliveira and Lima, unpub.), and
Bolivia (Morales and Anderson, 2001) have reported
increasing problems with B. tabaci.

Most countries surrounding the Mediterranean Basin
encountered severe B. rabaci infestations beginning in
1974. In Italy and southern France, severe damage
occurred on poinsettias and tomatoes. B. tabaci was
recorded from Azerbaijan and Georgia in the former
Soviet Union, and has been observed on citrus growing
in glasshouses along the southern coast of the Crimea
and the Black Sea Coast of the Caucasus (Dantsing and
Shenderovska, 1988; Traboulsi, 1994).

In the Near East, B. tabaci has been reported as a
major pest in Algeria, Bahrain, Cyprus, Egypt, the
Islamic Republic of Iran, Iraq, Jordan, Kuwait,
Lebanon, Libya, Malta, Morocco, Pakistan, Saudi
Arabia, Somalia, the Sudan, Tunisia, Turkey, the
United Arab Emirates and Yemen. It attacks vegetables
and ornamentals outdoors and under protected cultiva-
tion (Traboulsi, 1994). It also occurred on citrus and
cotton in Pakistan and Israel and on olives and pears
in Morocco (Traboulsi, 1994). Watermelon crops in
Yemen have been decimated since 1989 (Bedford et al.,
1994D).

In China, severe local outbreaks of B. tabaci were
recorded in 1953 in Taiwan and in 1972 in Yunnan,
and at present, B. tabaci has spread from the south to
northern parts of the country (Rumei, 1996). This
author also reported that previous surveys (1953—-1992)
identified six provinces where B. tabaci occurred. In
1995, this area had expanded to 12 provinces.

In 1994, B. tabaci was reported in cotton in Australia.
It was first described in the country in 1959 but it had
not been an economic problem (Gunning et al., 1995;
Carver and Reid, 1996; Fransmann et al., 1998). In the
mid-1990s, in the Pacific Region, B. tabaci was found on
18 islands including: Cook Island, Guam, New Caledo-
nia, American Samoa, Fiji, Marshall Islands, Niue,
Federated States of Micronesia, Kiribati, Papua New
Guinea, and Solomon Islands (De Barro et al., 1998).
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The magnitude of B. tabaci infestations and the
nature and extent of injury vary with plant species,
season and localities. Some plant species that are
severely infested in one area, may be relatively free of
infestation in other areas. For example, B. tabaci is a
serious threat to cotton in Sudan but an insignificant
problem on cotton in Egypt. Cassava is affected in
Africa but not in South America (Costa and Russell,
1975). In Brazil, passion fruit has only recently been
attacked by the biotype B, but in Minas Gerais, losses
vary from 60% to 100% according to farmers of the
region (M.R.V.O., personal observation).

3.1. B. tabaci-transmitted viruses

B. tabaci transmits plant viruses in seven distinct virus
groups including: geminiviruses, closteroviruses, carla-
viruses, potyviruses, nepoviruses, luteoviruses and a
DNA-containing rod-shaped virus (Duffus, 1987, 1996).
The most economically significant of these are the
geminiviruses (Family Geminiviridae: Genus Begomo-
virus) and the closteroviruses (Family Closteroviridae:
Genus Crinivirus). Cassava, beans, cowpea, soybean,
cotton, tobacco, tomatoes, peppers, okra, squash,
melon, watermelon, lettuce and papaya have been
affected by one or more whitefly transmitted viral
diseases. However, geminiviruses infecting tomatoes,
beans, and cassava have been cited as the most
widespread and important.

Tomatoes, in almost all countries where they are
grown commercially, are infected with geminiviruses. In
the Middle East, Tomato yellow leaf curl virus (TYLCV)
outbreaks were sporadic in the 1960s (Cohen and
Harpaz, 1964), but have become a serious economic
problem since the early 1970s, when total crop failures
occurred (Czosnek and Laterrot, 1997). By the end of
the 1970s, all tomato-producing regions in the Middle
East were affected by the virus (Cohen and Harpaz,
1964; Yassin and Nour, 1965; Makkouk et al., 1979;
Mazyad et al., 1979; Ioannou, 1985; Abak et al., 1991;
Czosnek and Laterrot, 1997). In southern Europe,
extensive tomato losses have been caused by TYLCV
(Giustina et al., 1989; Benuzzi et al., 1990; Traboulsi,
1994). The virus is now distributed in Asia, Africa,
Europe, the Caribbean, Mexico and North America.

A review by Polston and Anderson (1997) on the
tomato-infecting geminiviruses in Latin America indi-
cated that the number of new geminiviruses infecting
tomatoes increased from three in the 1970s to 17 in the
1990s. Some of these geminiviruses also infect peppers
and other horticultural crops of economic importance
(Morales and Anderson, 2001).

According to Polston and Anderson (1997), no formal
crop loss assessments have been made for the tomato
diseases caused by geminiviruses, but empirical data
suggest the potential for extensive reductions in crop

production. In the Dominican Republic, crop damage
reported from 1988 to 1995 ranged from 5 to 95% with
economic losses of 10 million US$ in 1988, and 50
million USS$ between 1989 and 1995. In Florida, USA,
disease caused by Tomato mottle virus was found in all
tomato production areas reducing the value of the 1990—
1991 production by 20% or 140 million USS$. Puerto
Rico suffered an estimated 40 million US$ loss, and in
Honduras, tomato production in the Comayagua Valley
losses were estimated at 4.6 million US$ in 1992. In
Brazil, economic loss estimates have not been made, but
in the last 4 years, more than 11,000 jobs have been lost
in the tomato industry because of whitefly transmitted
geminiviruses and other factors (M.R.V.O., personal
observation).

Numbers of whitefly transmitted geminiviruses, num-
bers of crops affected, yield losses, and agricultural areas
devastated have been exceptionally high in Latin
America (Morales and Anderson, 2001). Common bean
is grown on more than 9 million ha with Brazil
producing over 50% of the total crop harvested
(Morales and Anderson, 2001). Bean golden mosaic
virus (BGMYV) and Bean golden yellow mosaic virus
(BGYMYV) are considered the most limiting pathogens
to common bean production in the Americas. Over one
million hectares traditionally planted to beans have been
abandoned because of bean golden mosaic disease
(Morales and Anderson, 2001).

The most serious whitefly virus-vectored problem in
Africa is cassava mosaic disease (CMD) caused by a
complex of cassava mosaic geminiviruses (Hong et al.,
1993; Harrison et al., 1997; Zhou et al., 1997). Cassava
is the most important food crop grown on the African
continent, and yield losses due to CDM are excessive.
Yield losses range from insignificant to 95% depending
upon the cultivars used, environmental conditions, and
geminiviruses involved (Legg, 1999).

Although Cotton leaf curl virus (CLCV) has been
known for many years in Pakistan (Mahmood, 1999),
rapid spread of the disease started in 1988 (24 ha) and
increased to about 121,458 ha in 1992 reducing cotton
production by 30-40% in 1993 and 1994. Estimates of
losses from 1994 to 1999 were about 7.4 million cotton
bales valued at 4.98 billion US$ (Mansoor et al., 1999).
In India, CLCV was first detected from Sri Gangenagar
in 1993 and Punjab in 1994 (Singh et al., 1999). At
present, it is widespread over the entire northern cotton-
producing zone of India. In Punjab (India), cotton
production in 1998 decreased 75% compared to 1990
(Singh et al., 1999). Cotton leaf curl is suggested as a
major factor in the decline.

Mung bean yellow mosaic virus (MYMYV) is a major
constraint to the cultivation of grain legumes in India,
particularly mung bean (Phaseolus aureus) and black
gram (P. mungo). According to Varma et al. (1992), in
epidemic years, losses due to MYMYV have exceeded 300
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million US$ in three major crops: black gram, mung
bean and soybean (Basu, 1995). Okra yellow vein mosaic
virus in India, Sri Lanka and Bangladesh occurs in
cultivated vegetable crops, with losses reported to
exceed 80% if the plants are infected within 4-5 weeks
after germination (Basu, 1995).

The whitefly transmitted closteroviruses (Family
Closteroviridae: Genus Crinivirus) have recently been
recognised as causing extensive losses in North America,
the Mediterranean Basin and the Middle East (Wisler
et al,, 1998). The criniviruses are transmitted by B.
tabaci and three other whitefly species. The B. tabaci-
transmitted Lettuce infectious yellows virus (LIYV)
caused losses estimated at 20 million US$ in lettuce,
sugar beets and melons during the 1981 growing season
(Duffus et al., 1996; Wisler et al., 1998). However, in the
late 1980s and early 1990s with increasing populations
of B. tabaci biotype B, the occurrence of LIYV began to
decline. At present LIYV infections of lettuce and
melons in Southern California and Arizona are rare
(Duffus, personal communication). This has resulted
from the fact that the A biotype transmits LIYV 100
fold more efficiently than the B biotype (Duffus et al.,
1996). Other B. tabaci-transmitted criniviruses include:
Cucurbit  yellow stunting disorder virus (CYSDYV),
Lettuce chlorosis virus (LCV), Tomato chlorosis virus
(ToCV), Sweetpotato chlorotic stunt virus (SPCSV),
and a group of related closterovirus isolates infecting
sweetpotato (Schaefers and Terry, 1976; Winter et al.,
1992; Duffus et al., 1996; Hoyer et al., 1996; Vetten et al.,
1996; Wisler et al., 1996, 1997; Livierateos et al., 1999).

3.2. B. tabaci-induced plant physiological disorders and
other aspects of plant damage

Since 1987, increases in field populations of B. tabaci
in Florida, Arizona, California, Puerto Rico, Texas,
and Hawaii have been associated with plant disorders
of unknown etiology (Maynard and Cantliffe, 1989;
Bharathan et al., 1990; Segarra-Carmona et al., 1990;
Yokomi et al., 1990; Costa and Brown, 1991; Brown
et al., 1992; Cohen et al., 1992; Costa et al., 1993).
Squash silverleaf (SSL) (Yokomi et al., 1990; Demichelis
et al., 2000), uneven ripening of tomato (Maynard and
Cantliffe, 1989), pumpkin white stem (Costa and Brown,
1991), white streaking in cole crops (Brown et al., 1992),
and reduced growth, yellowing and stem blanching in
lettuce and kai choy (Costa et al., 1993; Bedford et al.,
1994b) have been attributed to biotype B. In Brazil,
high-level infestations in okra plantings resulted in
inedible woody fruit and blanching of Solanum gilo
fruit (M.R.V. Oliveira, pers comm.).

B. tabaci nymphs and adults feed in phloem and
obtain sap containing various sugars (Hendrix et al.,
1992). Their excretions, called honeydew, may contain
these and other metabolized sugars. Honeydew accu-

mulates on the upper surfaces of plant parts where it
serves as a substrate for sooty molds. Quality may be
reduced or the product rendered unmarketable. Honey-
dew contamination of cotton lint makes the cotton
sticky and also is a substrate for sooty molds that
discolor the lint. Sticky cotton adheres to machinery in
textile mills and interferes with processing. Sticky cotton
reduces harvesting and ginning efficiency (Johnson et al.,
1982; Hector and Hodkinson, 1989). Sticky cotton may
also contain leaf trash and dirt causing health problems
for textile mill workers (Ayars et al., 1986). Sticky
cotton is a serious problem in many cotton production
areas in the world (Strolz, 1992). Losses of 10% of the
lint value may occur (Hector and Hodkinson, 1989). On
vegetables, melons, and ornamentals, honeydew and
sooty mold reduce quality and marketability (Riley and
Palumbo, 1995).

4. Control and IPM perspectives

The serious nature of the B. tabaci problem world-
wide has resulted in accelerated research to provide
acceptable management methods (Lacey et al., 1996).
Sustainable, ecologically based management systems are
a goal for the future. Environmentally acceptable relief,
for the present, has occurred by the integration of a
number of techniques. The most effective management
has been accomplished by using a combination of
coordinated control strategies in agricultural commu-
nity programs (see Ellsworth and Martinez-Carrillo,
2001). Detailed reviews of whitefly and whitefly trans-
mitted virus host plant resistance, as cornerstones for
sustainable IPM programs, are provided elsewhere in
this volume by Bellotti and Arias (2001) and Morales
(2001).

The common denominator to most B. tabaci control
programs is the use of insecticides alone or in mixtures
(Castle et al., 1996; Dennehy et al., 1996; Ellsworth et al.
1996b; Prabhaker et al., 1998, Palumbo et al., 2001).
Insecticide resistance has been anticipated and amelio-
rated by the use of action thresholds and insecticide
resistance management (IRM) programs (Castle et al.,
1996; Dennehy et al., 1996; Ellsworth et al., 1996b;
Prabhaker et al., 1996, 1998; Naranjo et al., 1998).
Extensive efforts are underway to extend management
systems to incorporate cultural, biological, and non-
chemical methods into insecticide-based control systems
as exemplified by the collection of papers in this volume.
High levels of indigenous natural enemy activity have
been identified in cotton, vegetable, and peanut ecosys-
tems, suggesting that natural enemy augmentation and
conservation approaches may be important avenues for
exploitation in management in the future (Gerling et al.,
2001; Naranjo, 2001). Row covers and other insect
exclusion, and reflective type materials for repelling
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B. tabaci have been adopted and are partially effective in
some cropping systems (Hilje et al., 2001). Water
management has been implemented in cotton, because
higher B. tabaci populations occur in water-stressed
cotton (Flint et al., 1996).

Use of reliable sampling methods and action thresh-
olds has reduced insecticide use, cost of production, and
development of insecticide resistance while maintaining
crop yields (Tonhasca et al., 1994a,b; Naranjo and
Flint, 1994, 1995; Naranjo et al., 1995, 1996; Palumbo
et al. 1994, 1995). New chemistry, such as the insect
growth regulators, provide additional options in IRM
programs and may delay or reduce resistance to
conventional chemistries (Ellsworth et al., 1996b, 1997;
Palumbo et al., 2001). Imidacloprid (Admire®™, a
chloronicotinyl systemic insecticide, Mannheim, Ger-
many) has been extremely effective for control of
B. tabaci in vegetable production (Elbert et al., 1990;
Mullins, 1993; Palumbo et al., 2001). Alternating
chemistries and restricting numbers of applications per
crop growing season across commodities are additional
IRM tactics (Palumbo et al., 2001).

Crops grown and their temporal and spatial relation-
ships have been recognized as important considerations
in B. tabaci population dynamics (Watson et al., 1992).
The extensive numbers of host-plants provide nutri-
tional and reproductive hosts continually. Inter- and
intra-host movement occurs during crop growing
seasons (Byrne and Blackmer, 1996). Growers have
developed an awareness of the importance of crop
sequencing, wind direction, dispersal, and the proximity
of host crops when establishing new plantings (Watson
et al., 1992; Ellsworth, 1998). Equally important has
been strict adherence to early harvests of all host crops
and destruction and plowdown of crop residues.

The goal of integrating resistant crop varieties,
chemical control, insecticide resistance management,
crop residue and weed destruction, crop sequencing and
host-free periods, and other cultural controls and
management options is considered a high priority for
sustainable management. In most problem areas,
organizing these methods into coordinated commu-
nity-action programs with extension and education
activities has been very effective (e.g., Ellsworth et al.,
1996a).

5. International and national collaborative research
projects

Several national and international cooperative Bemi-
sia projects have been implemented worldwide to
facilitate communication, research, technology transfer,
and rapid response to problem solving (Table 1).
Additional information on these efforts is available on
the listed websites. The list is not all inclusive, and the

authors are aware of numerous local groups with
commodity-orientation that meet informally to ex-
change information and experiences, and discuss current
control efforts.

The international, regional and national networks for
B. tabaci and B. tabaci-transmitted plant viruses and
other whitefly species essentially function as information
exchanges. The active international and national colla-
borative research projects have improved operational
efficiency, by optimizing financial, physical and human
resources. Open lines of communication and discussion
identified priority research areas and focused efforts that
increased returns for each invested research dollar
compared to numerous small projects utilizing diverse
approaches. Although there are many excellent exam-
ples, the authors focus on two projects with which they
are most familiar.

5.1. CGIAR Whitefly IPM project

The Consultative Group for International Agricultur-
al Research (CGIAR) consists of 16 International
Agricultural Research Centers (IARCs) located around
the world (Fig. 1). Historically, each center has worked
in a relatively independent and autonomous fashion.
During the 1990s, the CGIAR Secretariat recognized
that significant benefits could be derived by pooling
human capital, infrastructure and economic resources to
jointly tackle research problems that numerous centers
were working on independently. New Inter—Center
initiatives included the creation of the Systemwide
Program on Integrated Pest Management (SP-IPM).
B. tabaci research has been on-going at several of the
IARC:s since the 1970s. One of the first Inter-Center
projects approved within the SP-IPM was the Sustain-
able Integrated Management of Whiteflies as Pests and
Vectors of Plant Viruses in the Tropics (the CGIAR
Whitefly IPM Project).

The Whitefly IPM Project began in 1997 and evolved
into a partnership among: five International Agricultur-
al Research Centers (Fig. 1); 10 advanced research
institutions in Australia, Denmark, Germany, New
Zealand, the United Kingdom, and the United States;
and national agricultural research systems (NARS) in 30
countries of Latin America, the Caribbean, Africa and
Asia. The donor partners supporting the project
included the Danish International Development Agency
(DANIDA), the Australian Center for International
Agricultural Research (ACIAR), the United States
Agency for International Development (USAID), New
Zealand’s Ministry of Trade and Foreign Affairs
(MFAT), the US Department of Agriculture-Agricul-
tural Research Service (USDA-ARS), and the United
Kingdom’s Department for International Development
(DFID).
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Table 1
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Selected national and international Bemisia tabaci research and information exchange projects

Project

Year created

Accomplishments

International Bemisia newsletter

Sticky cotton action team, cotton
incorporated (CI), Raleigh, NC

Latin America and Carribean
whitefly and geminivirus network

Integrated management of whitefly
in Northwestern Mexico

Five-year national research and action
plan for development of management and
control methodology for the sweetpotato
whitefly. Revised as five-year silverleaf
whitefly research, action and technology

transfer plan, in 1997

The safe and effective use of pesticides

project

CGIAR Whitefly IPM Project

European whitefly studies network

Brazilian Agricultural Research
Enterprise (EMBRAPA) Project
(1998-2000)

Brazilian virology project to characterize

geminiviruses tomatoes

1984

1991

1992

1992

1992-1996
1997-2001

1995

1996

1997

1998

1998

Information exchange, meeting announcements, electronic conference,
Whitefly-L. Coordinators: D. Gerling, dangr@ccsg.tam.ac.il,

W. Jones, wjones@weslaco.ars.usda.gov

Provided communication between the cotton industry and researchers

on sticky cotton research. CI and state support committees provided

$1.9 million for research. Coordinated multi-federal, -state, -university,
and -industry agencies efforts that resulted in efficient whitefly
management and reduced sticky cotton problems. Financed research

also contributed to implementation of insect growth regulator use
patterns and resistance management. Also, stimulated improved

sticky cotton lint sampling methods, demonstration of the relation-

ships of whiteflies and aphids to sticky cotton, improved sticky

cotton measurement instrumentation and enzyme approaches to

eliminate honeydew sugars from contaminated lint. Coordinators:

R.L. Nichols, bnichols@cottoninc.com, W. Lalor, blalor@cottoninc. com
Quarterly newsletter, Mosca Blanca al Dia, www.catie.ac.cr/
cooperaction/boletin.htm promotes research, diagnostic activities,

and IPM technology transfer in 21 countries including Spain.

Annual meeting. Network host: Tropical Agricultural Research

and Higher Education Center (CATIE) Costa Rica. Coordinator:

L. Hilje, lhilje@catie.ac.cr

Identified soybeans as the key host and eliminated it in the

cropping system to break the reproductive host continuity. Published
eight scientific summaries of 262 articles. Covered four states, Baja
California Norte, Baja California Sur, Sonora and Sinola. Participating
agencies are the National Research Institute of Forestry, Agriculture

and Animal Husbandry (INIFAP), Regional Centers for

Agricultural Research and Mexicali Experiment Station. Coordinators:
J.L. Martinez Carrillo, jlmc@cirno.inifap. Conacyt.mx, J. Jose

Pacheco, pacheco@cirno.inifap.conacyt.mx

National and international cooperative programs that led to action
thresholds, effective chemical control, new chemistry and resistance
management principles and agricultural community management systems.
Extensive basic biology, physiology, ecology for long-term suppression
systems (see text). Annual meetings. Nine annual publications with over 1000
abstracts of research progress. A bibliography of more than 4800

entries: http://www.wcrl.ars.usda.gov. Coordinators: T.J. Henneberry,
thenneberry@weril.ars.usda.gov, N. Toscano, ntoscano@ucracl.ucr.edu,
W. Jones, T. Perring perring@ucracl.ucr.edu, R. Faust, rmf@ars.usda.gov
USAID-funded project carried out under the umbrella of the Middle East
Peace Process. Annual meetings of IPM and public health experts in Egypt,
Jordan, Israel and Palestine for information exchange. Pest monitoring,
training of farm workers, blood testing, reports on safety progress.
Information www.mercph.org. Coordinating Center: National Institute of
Health (NIH), Bethesda, MD. Coordinator: K. Abdo, abdok@niehs.nih.gov
Consultative Group for International Agricultural Research (CGIAR)
project, under the umbrella of the Systemwide Program for Integrated
Pest Management (see text). Coordinating Center: International Center
for Tropical Agriculture, Cali, Colombia. Coordinator: P. Anderson,
p-anderson(@cgiar.org

Gathered and disseminated whitefly information. Working group meetings.
Established website: www.jic.bbsrc.ac.uk/hosting/eu/ewsn Network host:
John Innes Center, United Kingdom. Coordinator: Ian Bedford,
ian.bedford @bbsrc.ac.uk

National Whitefly Commission by EMBRAPA (3-year project). Identified
priorities, coordinated efforts of the ministry, federal, state, agricultural
agencies and growers. Identified infested areas, identified effective
insecticides, transferred technology from other countries. Coordinator:
MRYV Oliveira, vilarin@cenargen.embrapa.br

Characterized eight new tomato-infecting geminiviruses in Brazil. Developed
standardized virus survey protocols, shared results, initiated varietal
resistance efforts. Coordinators: F. Murilo Zerbini, zerbini@mail.ufv.br,
S.G. Ribeiro, simone@cenargen.embrapa.br
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International Agricultural Research Centers

Fig. 1. Locations of International Agricultural Research Centres (IARC) of the Consultative Group for International Agricultural Research

(CGIAR).

The Project was structured into six sub-projects: (1)
Trialeurodes vaporariorum as a direct pest in the tropical
highlands of Latin America; (2) B. tabaci as a virus
vector in mixed cropping systems of the Caribbean,
Mexico and Central America; (3) B. tabaci as a virus
vector in mixed cropping systems of Eastern and
Southern Africa; (4) B. tabaci as a virus vector in mixed
cropping systems of S.E. Asia; (5) B. tabaci as a virus
vector in cassava and sweetpotato in Sub-Saharan
Africa, and (6) Whiteflies as direct pests on cassava in
South America.

A work plan was initiated to: (1) establish an
international network for research on whiteflies and
whitefly transmitted viruses in the tropics; (2) character-
ize whitefly problems to prioritize critical target areas;
(3) improve understanding of whitefly and disease
dynamics in critical target areas; (4) define management
strategies and develop IPM components; (5) strengthen
NARS research capacity, policy formation and IPM
implementation; and (6) determine Project impact.

The objective of Phase 1 (1997-2000) of the Whitefly
IPM Project was to review, generate and analyze
baseline data relevant to the diagnosis and characteriza-
tion of whitefly and whitefly transmitted virus problems
in the tropics, in order to propose a sound research
agenda for improved understanding of pest and discase
dynamics, IPM development and IPM implementation.
B. tabaci-related reviews have been published by several
of the Project coordinators (Polston and Anderson,
1997; Legg, 1999; Morales and Anderson, 2001). Base-
line data were generated through extensive survey work
in each of the participating tropical countries including
collection and identification of biological specimens

(whitefly species, whitefly biotypes, geminiviruses, and
B. tabaci natural enemies), and collection and analysis
of socio—economic data and B. tabaci control practices
based on producer interviews. Preliminary results have
been presented in international, regional and national
meetings (Bob et al.,, 1997; Legg and Raya, 1998;
Quintero et al., 1998; Aritua et al., 1999; Cardona, 1999;
Legg et al., 1999; Morales, 2000). Reports on complete
and integrated results from Phase 1 work are in
preparation.

One outstanding example of management success
in the Whitefly IPM Project was impact on the severe
CMD epidemic in Eastern Africa. With standardized
survey protocols, national teams in Uganda, Kenya
and Tanzania mobilized and, within several months,
had defined the front of the CMD epidemic. Based on
this knowledge, funding from the USAID Office for
Foreign Disaster Assistance was obtained to increase
and deploy elite lines of mosaic-resistant cassava, which
had been developed by the International Institute of
Tropical Agriculture (IITA). The value of these crisis
mitigation efforts, for the period of 1998-2000, was
estimated at 14 million US$ (USAID, 2000, internal
memo), almost five times the total budget for the entire
CGIAR global whitefly project during that same 3-year
period.

5.2. Five-year national research action plan for
development of management and control methodology
for the sweetpotato whitefly

In the United States, unacceptable losses that
occurred in the 1991 growing season highlighted
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the need for an organized, coordinated research and
action effort to provide solutions to the problem
and prevent the extreme losses in cotton, vegetable,
ornamental and nursery production in the field
and greenhouses. An ad hoc working group representing
the US Department of Agriculture’s Agricultural
Research Service (ARS) and Animal and Plant
Health Inspection Service (APHIS), State Experiment
Stations and various commodity groups initiated plan-
ning for a S-year sweetpotato whitefly research and
action plan in 1991 that would serve as a guide for
a national program. The sweetpotato whitefly nomen-
clatural confusion addressed in detail by Perring (2001)
resulted in adoption of the silverleaf whitefly name
in lieu of sweetpotato whitefly Strain B when the
new species, B. argentifolii was described by Bellows
et al. (1994).

The priority research areas were: (I) Basic biology,
ecology, population dynamics and dispersal, (II) Fun-
damental research including systematics, morphology,
genetics, biochemistry, physiology and behavior, (III)
Chemical control, biorational insecticides and applica-
tion technology, (IV) Biological control, and (V) Crop
management systems and host plant resistance, and (VI)
Integrated techniques, approaches and philosophies.

Annual abstracts of research progress averaged over
140 per meeting. During the first 5-year plan, over 70
examples of Technology Transfer to growers and the
scientific community were documented (Faust, 1992;
Henneberry et al., 1993, 1994, 1995, 1996).

A second 5-year Plan, The Silverleaf Whitefly
(Bemisia argentifolii Bellows and Perring) Research
Action and Technology Transfer Plan functioned from
1997 to 2001 (Henneberry et al., 1997, 1998, 1999, 2000).
The priority research areas were: (I) Biology, ecology,
and population dynamics; (II) Viruses, epidemiology
and virus-vector interactions; (III) Chemical control,
biopesticides, resistance management, and application
methods, (IV) Natural enemy ecology and biological
control; (V) Host plant resistance, physiological dis-
orders, and host-plant interactions; and (VI) Integrated
and area-wide pest management approaches, and crop
management systems.

For the US Five-year Plans, there also are many
instances of cooperative efforts that expedited research
to develop B. tabaci management tools. For example,
a team of USDA-ARS and University of Arizona
scientists shared resources and expertise to develop
(Naranjo and Flint, 1994, 1995, Naranjo et al., 1996),
validate (Ellsworth et al., 1996a; Naranjo et al., 1997),
and implement (Ellsworth et al., 1996a,b) sampling
methods that led to the identification and testing of
action thresholds (Ellsworth et al., 1997, Naranjo et al.,
1998). These teams subsequently developed rotational
systems for different insecticides, evaluated new chemis-
tries (including insect growth regulators), initiated

resistance monitoring, and promoted early cotton
harvests, better water management and natural enemy
conservation (see Ellsworth and Martinez-Carrillo,
2001; Naranjo, 2001; Palumbo et al., 2001). Together,
this system helped to reduce insecticide applications in
cotton in Arizona from 6.6 in 1995 to =~ 1.1 in 1998 with
a monetary savings of about $275.00/ha (Ellsworth and
Jones, 2001). The development and implementation
of resistance monitoring systems (Castle et al., 1996;
Dennehy et al., 1996; Prabhaker et al., 1996) have
resulted in extending the efficacy of available insecticides
by delaying or avoiding resistance development (Prab-
haker et al., 1996).

Coordinated, multi-partner projects have a number of
advantages: (1) adoption of standardized data collection
protocols that are appropriate for comparison over
diverse areas; (2) periodic reviews to exchange informa-
tion and reprioritize research areas; (3) increased
efficiency by sharing knowledge, resources and expertise;
(4) multiple commodity input; and (5) increased returns
per invested research dollar as opposed to multiple
efforts in an uncoordinated manner.

The B. tabaci species complex has proven to be a
highly diverse economic pest group that exploits
diversified crop systems and weed hosts by using their
high reproductive rates and short developmental times
to produce explosive populations during crop produc-
tion cycles. Extensive research efforts to clarify the
nomenclatural issues, including biotype designations,
are advancing rapidly and should soon provide answers
useful to the scientific community on the interpretation
of evolutionary relationships, distribution, and ecologi-
cal and biological aspects of the group. The economic,
environmental and social impact of the B. tabaci species
complex worldwide has stimulated much new and useful
research resulting in information on biology, ecology,
physiology, and virus—vector interactions. Application
of this information has produced efficient B. tabaci
management systems with improved cost—benefit ratios.
An important contributing factor to these successes
has been participation of all aspects of agricultural
communities, growers, industry and bankers, sharing
and implementing information provided by researchers,

extension, and educational systems to develop
large-scale multidisciplinary approaches to pest
management.
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