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Efeitos Antibióticos de Genótipos de Feijoeiros Portadores de Arcelina nas Sementes
sobre Bemisia tabaci (Genn.) Biótipo B (Homoptera: Aleyrodidae)

RESUMO – A biologia de Bemisia tabaci biótipo B (Genn.) foi avaliada em
genótipos de feijoeiro (Phaseolus vulgaris L.) que contêm arcelina em suas
sementes. Foi também realizada análise bioquímica de proteínas, em sementes
e em folhas dos genótipos de feijoeiro, a fim de verificar se haveria traços de
arcelina nas folhas dos materiais a serem avaliados. Os testes foram conduzidos
em condições de casa de vegetação, nas épocas “das águas” e “da seca”, em
dois anos consecutivos, com os seguintes genótipos: ARC 3s, ARC 5s (genótipos
selvagens portadores de arcelina); ARC 1, ARC 2, ARC 3, ARC 4 (linhagens
quase-isogênicas portadoras de arcelina - EMBRAPA), Porrillo 70, Bolinha e
IAPAR MD 808 (genótipos sem arcelina). Os genótipos selvagens, ARC 3s e
ARC 5s, apresentaram altos níveis de antibiose, com ênfase para o ARC 5s (as
ninfas tiveram alta mortalidade, em torno de 90%). O prolongamento do ciclo
de desenvolvimento dos insetos provenientes do genótipo ARC 5s podem sugerir
uma resistência do tipo antibiose e/ou não-preferência para alimentação. A
resistência dos genótipos selvagens não está relacionada com a presença de
arcelina nas sementes, já que nenhum traço dessa proteína foi encontrado nas
folhas destes.

PALAVRAS-CHAVE: Insecta, Phaseolus vulgaris, mosca branca, biologia,
resistência de plantas.

ABSTRACT - The biology of Bemisia tabaci biotype B (Genn.) on bean
(Phaseolus vulgaris L.) genotypes containing arcelin in the seeds was evalu-
ated. Also, biochemical screening of seeds and leaves material of these geno-
types were carried out in order to verify if traces of arcelin could be found in its
leaves. The tests were conducted under greenhouse conditions, in the dry and
wet seasons, with the following genotypes: ARC 3s, ARC 5s (wild genotypes
containing arcelin in the seeds); ARC 1, ARC 2, ARC 3, ARC 4 (near isogenic
lines containing arcelin in the seeds - EMBRAPA) and Porrillo 70, Bolinha,
IAPAR MD 808 (commercial genotypes without arcelin). The wild genotypes,
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ARC 3s and ARC 5s, showed high levels of antibiosis resistance type, mainly for
ARC 5s which presented the highest nymphs mortality rates, approximately
90%. Also, the longest development time for nymphs fed on ARC 5s genotype
suggest antibiosis and/or feeding nonpreference resistance type. The wild geno-
type resistance is not related with arcelin presence in the seeds, since no trace of
this protein was found in its leaves.

KEY WORDS: Insecta, Phaseolus vulgaris, whitefly, biology, host plant re-
sistance.

& Miller 1990). Furthermore, biotype B in-
duces phytotoxic disorders, such as: squash
silverleaf on cultivars of Cucurbitaceae (Costa
& Brown 1991, Costa et al. 1993, Jiménez et
al. 1995), uneven ripening on tomato
(Schuster et al. 1990) and white stem streak-
ing on cole crops (Brown et al. 1991). Al-
though polyphagous, B. tabaci shows great
variation in developmental rates on different
host plants (Coudriet et al. 1985), at different
temperatures (Butler et al. 1983, Wang & Tsai
1996), and on leaves at different ages (Arx et
al. 1983). Therefore, the aim of this study was
to determine the effects of bean genotypes
containing arcelin in the seeds on B. tabaci
biotype B, in the dry and wet seasons. Also,
biochemical screening of seeds and leaves ma-
terial were carried out in order to verify if
traces of arcelin could be found in its leaves.

Material and Methods

All trials were carried out in the Labora-
tories of Host Plant Resistance to Insects, De-
partment of Entomology, and in an experimen-
tal area of Faculdade de Ciências Agrárias e
Veterinárias/Universidade Estadual Paulista.
The following genotypes of Phaseolus vul-
garis L. were used: ARC 3s and ARC 5s (wild
genotypes containing arcelin 3 and 5, respec-
tively); ARC 1, ARC 2, ARC 3 and ARC 4
(genotypes bred by EMBRAPA containing
arcelin 1, 2, 3 and 4, respectively); Porrillo
70, IAPAR MD 808 and Bolinha. The geno-
types containing arcelin were obtained from
the Centro Nacional de Pesquisa do Arroz e
do Feijão/EMBRAPA. The seeds were grown

The sweetpotato whitefly, Bemisia tabaci
(Genn.) (Homoptera: Aleyrodidae), is sup-
posed to be one of the most harmful pests
that attacks bean crops, which are primary
sources of protein for many people in the
Tropics. Until recently, whitefly populations
in Brazil comprised the biotype A, occasion-
ally reported infesting soybean, bean and cot-
ton crops, in some localities of São Paulo and
Paraná States (Costa et al. 1973). These in-
sects damage the plants by extracting large
quantities of phloem sap and transmitting the
bean golden mosaic virus. The disease can
induce bean yield losses ranging from 40%
to 100% (Faria & Zimmermann 1987, Faria
et al. 1994), depending on the time plants are
infected. Recently, a new biotype, B. tabaci
biotype B, also referred to as B. argentifolli
(Bellows & Perring) has been associated with
high yield losses in several crops. In Brazil,
the biotype B was first reported in 1991, in-
festing crops such as: tomato, broccoli, egg-
plant, and pumpkin crops, as well as orna-
mental plants, and some weeds and other  wild
plants (Lourenção & Nagai 1994). During late
90s, the whitefly population has exploded to
outbreak levels and the biotype B has almost
completely displaced biotype A. This dis-
placement is associated with the wider host
range of B biotype, allowing it to colonize a
larger number of agricultural, ornamental,
weedy and wild plants (Bedford et al. 1994).
Besides, biotype B lays significantly higher
number of eggs (Bethke et al. 1991, Costa &
Brown 1991), ingests greater quantities of
plant sap during feeding and, consequently,
excretes greater volumes of honeydew (Byrne
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in plastic pots containing three parts of soil,
one part of sand and one part of organic com-
pound. The plants were watered daily and fer-
tilized as recommended for the crop. When
tests were set up, adults of B. tabaci biotype
B, reared on broccoli, were collected by
mouth vacuum apparatus. The infestation took
place when bean plants were 21 day-old, char-
acterized by Azael (1976) as stages IV-2 and/
or IV-3. All experiments were carried out
under greenhouse conditions with 10 replica-
tions, in the wet and dry seasons. The trials
were set up in a completely randomized de-
sign. Data were submitted to ANOVA test and
the means were compared by Tukey test (P ≤
0.05). When necessary, the original data were
transformed to arcsen x1/2.

Feeding Nonpreference and/or Antibiosis.
One-day-old whitefly’s eggs  were obtained
after infestation of two bean plants with 200
insects during 24 hours. After this period, the
number of egg was counted on the four top
leaves with the aid of a hand magnifying  glass
(20x). Each leaf was labeled with the number
of eggs, being 10 the minimum number per
leaf. The number of nymphs, fourth nymphal
instar (referred as pupa), and empty pupal
cases were counted daily, until the emergence
of all adults.

Since the data reported in the wet and dry
seasons were slightly contradictory, another
trial was set up in another wet season, to con-
firm the resistance index of bean genotypes
previously tested. It was selected two resist-
ant (ARC 3s and ARC 5s) and one suscepti-
ble genotype (Porrillo 70).

Biochemical Screening of Seeds and Leaves
Material. These analyses took place in the
Department of Biology, University of Dur-
ham, England, in order to verify if the pres-
ence of arcelin in bean seeds was affecting
the whitefly feeding. Electrophoresis and
Western blotting analyses of total seed and
leaf proteins were carried out for bean geno-
types. Seed and leaf samples were run on SDS-
polyacrilamide gel electrophoresis (12.5%
acrylamide, 0.5% bis-acrylamide, containing

0.1% SDS - sodium dodecyl sulphate), as de-
scribed by Hames (1981), and electro-
phoresed  in a vertical gel electrophoresis ap-
paratus (ATTO, Genetic Research Instruments
Ltd, Dunmow, Essex, England). Afterwards,
the proteins were transferred from SDS-
polyacrilamide gels to nitrocellulose by
electroblotting (ATTO Corp Semi-dry
Electroblotter) (Towbin et al. 1979) and then
reacted with polyclonal LLP antibodies raised
in mice (Western blotting).

Results and Discussion

Biochemical Screening of Seeds and Leaves
Material. Western blotting positive antigenic
response was observed for bean seeds of ARC
1, ARC 3, ARC 4, ARC 5s (very weak band)
and for arcelin patterns (G12953 and LLP1),
as shown in Fig. 1. Regarding the other geno-
types, although the referred protein is part of
its genotypic constitution (exception for
Porrillo 70), positive response was not visu-
alized, probably due an arcelin antibody
nonespecificity. This can be explained by the
existence of five different arcelin variants. If
more specific antibodies were used, perhaps
this reaction could be visualized.

There was no arcelin band detected in bean
leaves for all tested genotypes by Western
blotting (Fig. 2). When seed extracts were
electroblotted (Fig. 1), the genotypes ARC 1,
ARC 3, ARC 4 and ARC 5s had presented
specificity for the antibody used. In this way,
it was also expected positive antigenic reac-
tion for those genotypes if traces of arcelin
were present in its leaves. This suggests that
there are no arcelin traces in bean leaves of
all genotypes analysed.

Feeding Nonpreference and/or Antibiosis.
Data on the time required for B. tabaci to com-
plete the development from egg to adult on
nine bean genotypes in the wet season is pre-
sented in Table 1. The egg incubation period
varied from 7.5 to 8.2 days and differences
among all genotypes were not observed. The
nymphal development period was signifi-
cantly longer on ARC 2 (15.4 days) and ARC
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1 (15 days) than IAPAR MD 808, Porrillo 70,
ARC 3 and ARC 3s (values varying from 11,0
to 11.5 days). Consequently, the total devel-

opmental time was significantly longer for
nymphs reared on ARC 2 and ARC 1 (23.1
and 22.6 days, respectively) and faster on

Figure 1. Western blotting analysis of bean seeds samples run on SDS-PAGE after transfer
to nitrocellulose, reacted with polyclonal mouse anti-LLP antibodies. Track: 1) LLP1 (puri-
fied arcelin pattern); 2) ARC 1; 3) ARC 2; 4) ARC 3; 5) ARC 4; 6) ARC 3s; 7) ARC 5s; 8)
Porrillo 70; 9) G12953 (arcelin pattern). Durham, England, 1996.

Figure 2. Western blotting analysis of bean leaves samples run on SDS-PAGE after transfer
to nitrocellulose, reacted with polyclonal mouse anti-LLP antibodies. Track: 1) LLP1 (purified
arcelin pattern); 2) G12953 (arcelin pattern); 3) ARC 1; 4) ARC 2; 5) ARC 3; 6) ARC 4; 7) ARC 3s;
8) ARC 5s; 9) Porrillo 70. Durham, England, 1996.
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Porrillo 70 and ARC 3s (19.1 days).
In the dry season, there was also no sig-

nificantly difference on egg incubation period
which was approximately 13 days for all
genotypes tested (Table 2), and were almost
two-fold longer when compared with wet sea-
son (approximately eight days, Table 1).
These longer periods must be due to the low
temperature and humidity conditions when the
trials were set up. According to Azab et al.
1971, El-Helaly et al. 1971, Hendi et al. 1985,
the egg incubation period can vary between
three and 29 days, depending on the  whether
conditions.

Insects reared on ARC 5s (27.4 days)
showed significantly longer nymphal devel-
opment period than those reared on IAPAR
MD 808, ARC 1, ARC 4, ARC 3, Porrillo 70
and ARC 3s (values varying from 19.6 to 21
days), which had faster cycles. The nymphal
development periods of insects reared on
Bolinha and ARC 2 genotypes (23 and 22
days, respectively) did not differ significantly
to those observed on ARC 5s. The maximum

developmental time was 41 days for insects
fed on ARC 5s genotype, statistically differ-
ing from all tested genotypes. Insects devel-
oped on Bolinha genotype showed an identi-
cal developmental cycle (36.4 days) as that
reported by Boiça Júnior & Vendramim
(1986), who suggested the existence of anti-
biosis resistance type for the referred geno-
type. Therefore, the ARC 5s genotype also
affected the B. tabaci developmental time,
delaying its cycle in  nine days when com-
pared with ARC 1 (Table 2), suggesting
thereby, antibiosis and/or feeding nonpre-
ference resistance type.

High egg viability percentage was ob-
served, with values varying from 90.7 ± 3.16
% (ARC 2) to 98.5 ± 2.50 % (ARC 1). These
data are in agreement with those observed by
Hendi et al. (1985), Verma et al. (1990),
Wagner (1995) and Simmons (1999). Gener-
ally, a higher nymphal mortality rate was ob-
served in the first two nymphal stages and
lower mortality rates in the third and forth
instars, fact also verified by Hendi et al.

Table 1. Mean developmental periods ± SE (days) of immature stages of B. tabaci  biotype
B on nine bean (P. vulgaris) genotypes, in a wet season. Jaboticabal, SP, 1996/97.

Genotypes Egg stage Nymphal stage Life cycle
(n) (days)

ARC 2 530 7.7 ± 0.15 15.4 ± 0.81a 23.1 ± 0.86a
ARC 1 732 7.5 ± 0.10 15.0 ± 0.85ab 22.6 ± 0.84ab
ARC 4 546 7.7 ± 0.12 13.4 ± 0.38abc 21.0 ± 0.36abc
Bolinha 1.358 7.9 ± 0.24 13.0 ± 0.41abc 20.9 ± 0.37  bc
ARC 5s 530 7.5 ± 0.11 12.5 ± 0.65  bc 20.1 ± 0.62    c
ARC 3s 646 7.7 ± 0.17 11.5 ± 0.80    c 19.1 ± 0.77    c
ARC 3 457 7.8 ± 0.19 11.5 ± 0.71    c 19.3 ± 0.73    c
Porrillo 70 819 7.7 ± 0.23 11.4 ± 0.37    c 19.1 ± 0.40    c
IAPAR MD 808 548 8.2 ± 0.33 11.0 ± 0.46    c 19.2 ± 0.33    c
F 1.39NS 7.78* 7.26*
CV % 7.36 14.45 8.75

Original data; means followed by the same letters within columns are not significantly differ-
ent by Tukey’s test (P ≤ 0.05).
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(1985) and Drost et al. (1998). The total nym-
phal mortality percentage varied from 65.2 ±
0.04 % (IAPAR MD 808) to 91.3 ± 0.02 %

(ARC 3s), in the wet season and from 47.5 ±
0.06 % (Porrillo 70) to 95.4 ± 0.01 % (ARC
3s), in the dry season (Fig. 3). In both sea-

Table 2. Mean developmental periods ± SE (days) of immature stages of B. tabaci  biotype
B on nine bean (P. vulgaris) genotypes, in a dry season. Jaboticabal, SP, 1997.

Genotypes Egg stage Nymphal stage Life cycle
(n) (days)

ARC 5s 1,751 13.7 ± 0.38 27.4 ± 1.78a 41.0 ± 1.68a
Bolinha 2,599 13.4 ± 0.40 23.0 ± 1.13ab 36.4 ± 1.26  b
ARC 2 1,987 12.8 ± 0.31 22.0 ± 1.34ab 34.8 ± 0.55  b
ARC 3s 1,618 12.8 ± 0.41 21.0 ± 1.32  b 33.7 ± 1.46  b
Porrillo 70 2,217 12.7 ± 0.40 20.2 ± 0.68  b 32.9 ± 0.54  b
ARC 3 2,765 13.2 ± 0.37 20.0 ± 0.84  b 33.1 ± 0.80  b
ARC 4 1,885 12.7 ± 0.59 19.7 ± 0.91  b 32.5 ± 0.80  b
ARC 1 2,383 12.6 ± 0.34 19.7 ± 0.85  b 32.3 ± 0.78  b
IAPAR MD 808 1,765 13.5 ± 0.31 19.6 ± 1.01  b 33.1 ± 0.94  b
F 2.06NS 6.71* 9.29*
CV % 7.22 14.78 8.71

Original data; means followed by the same letters within columns are not significantly differ-
ent by Tukey’s test (P ≤ 0.05).
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Figure 3. Percentage of B. tabaci biotype B nymphs mortality on nine bean genotypes in a
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sons, the highest nymphal mortality rates oc-
curred on ARC 3s, Bolinha and ARC 5s geno-
types that differed from the ones with the low-
est mortality (IAPAR MD 808 - wet season
and Porrillo 70 - dry season). The very low
percentage of emerged adults from wild geno-
types confirms that antibiotic and/or feeding
nonpreference factors are acting on whitefly
development, increasing though its mortality
rates.

Regarding the feeding nonpreference and/

or antibiosis test with three selected bean
genotypes, the whitefly egg incubation period
was approximately 8.5 days (Table 3). The
nymphal and total developmental cycle were
significantly shorter for insects fed on Porrillo
70 genotype (11.9 and 20.4 days, respectively)
and longer on ARC 3s and ARC 5s, which
showed similar values for both cycles (around
13.6 and 22.1 days, respectively).

In addition, higher mortality rates were
observed for insects reared on wild genotypes,

Table 3. Mean developmental periods ± SE (days) of immature stages of B. tabaci  biotype
B on three bean (P. vulgaris) genotypes, in a wet season. Jaboticabal, SP, 1997/98.

Genotypes Egg stage Nymphal stage Life cycle
(n) (days)

ARC 5s 1,331 8.4 ± 0.13 13.7 ± 0.39a 22.1 ± 0.48a
ARC 3s 1,288 8.6 ± 0.18 13.6 ± 0.25a 22.1 ± 0.26a
Porrillo 70 1,013 8.5 ± 0.12 11.9 ± 0.26  b 20.4 ± 0.30  b
F 0.29NS 10.47* 7.91*
CV % 2.56 7.38 5.24

Original data; means followed by the same letters within columns are not significantly differ-
ent by Tukey’s test (P ≤ 0.05).
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Figure 4. Percentage of B. tabaci biotype B nymphs mortality on three bean genotypes in
a wet season. Jaboticabal, 1997/98.
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ARC 3s (83.7 ± 0.04 %) and ARC 5s (88.8 ±
0.03 %) and significantly smaller on Porrillo
70 (39.2 ± 0.06 %) (Fig. 4). Therefore, all
these data confirm that wild genotypes (ARC
3s and ARC 5s) have high levels of antibiosis
and/or feeding nonpreference resistance type.
Since the mortality was very high, it is likely
to be the antibiosis type because the feeding
nonpreference usually does not cause such
hard effects (Fig. 4). Furthermore, M.A.G.
Oriani (unpublished data) also verified that
ARC 3s and ARC 5s showed oviposition
nonpreference resistance type towards B.
tabaci. The resistance of wild genotypes is
not related with arcelin presence in the seeds,
since no trace of this protein was found in its
leaves (Fig. 2). Besides, the ARC 1, ARC 3
and ARC 4 genotypes (bred genotypes) also
contain arcelin in their seeds, detected in the
Western blotting trial (Fig. 1) and have not
manifested such resistance. Other resistant
factors must be associated to the wild geno-
types resistance (ARC 3s and ARC 5s), which
had not been transferred to the bred genotypes.
In this way, the ARC 5s and ARC 3s should
be used for breeding program towards B.
tabaci control.

Acknowledgments

The authors are grateful to Fundação de
Amparo à Pesquisa do Estado de São Paulo
(FAPESP) and to Conselho Nacional de
Desenvolvimento Científico e Tecnológico
(CNPq) for a research fellowship; to
EMBRAPA, which provided the bean seeds;
to Dr. Maria Regina V. de Oliveira, who iden-
tified the insect species, and to Dr. Angharad
M. R. Gatehouse from University of Durham,
who supervised the biochemical analyses of
bean seeds and leaves.

Literature Cited

Arx, R. von., J. Baumgärtner & V.
Delucchi. 1983. A model to simulate the
population dynamics of Bemisia tabaci
Genn. (Homoptera: Aleyrodidae) on
cotton in the Sudan Gezira. Z. Angew.

Entomol. 96: 341-363.

Azab, A.K., M.M. Megahed & D.H. El-
Mirsawi. 1971. On the biology of
Bemisia tabaci (Genn.) (Hemiptera:
Homoptera, Aleyrodidae). Bull. Soc.
Entomol. Egypt 55: 305-315.

Azael, A. 1976. Numerical characterization
of the development of the bean plant
(Phaseolus vulgaris L.). Turrialba 26:
209-210.

Bedford, I.D., R.W. Briddon, J.K. Brown,
R.C. Rosell & P.G. Markham. 1994.
Geminivirus transmission and biological
characterization of Bemisia tabaci
(Gennadius) biotypes from different
geographic regions. Ann. Appl. Biol. 125:
311-325.

Bethke, J.A., T.D. Paine & G.S. Nuessly.
1991. Comparative biology, morpho-
metrics, and development of two
population of Bemisia tabaci
(Homoptera: Aleyrodidae) on cotton and
poisettia. Ann. Entomol. Soc. Amer. 84:
407-411.

Boiça Júnior, A.L. & J.D. Vendramim.
1986. Desenvolvimento de Bemisia
tabaci em genótipos de feijão. An. Soc.
Entomol. Brasil 15: 231-238.

Brown, J.K., H.S. Costa & F. Laemmlen.
1991. First incidence of whitefly-
associated aquash silverleaf (SSL) of
Cucurbita and of white streaking (WSt)
disorder of cole crops in Arizona and
California. Plant Dis. 76: 426.

Butler Jr., G.D., T.J. Henneberry & T.E.
Clayton. 1983. Bemisia tabaci
(Homoptera: Aleyrodidae): development,
oviposition and longevity in relation to
temperature. An. Entomol. Soc. Amer.
76: 310-313.

Byrne, D.N. & W.B. Miller. 1990.



     An. Soc. Entomol. Brasil 29(3) 581Setembro, 2000

Carbohydrate and amino acid compo-
sition of phloem sap and honeydew
produced by Bemisia tabaci. J. Insect
Physiol. 36: 433-439.

Costa, A.S., C.L. Costa & H.F.G. Sauer.
1973. Surto de mosca-branca em culturas
do Paraná e São Paulo. An. Soc. Entomol.
Brasil 2: 20-30.

Costa, H.S. & J. K. Brown. 1991. Variation
in biological characteristics and esterase
patterns among populations of Bemisia
tabaci, and the association of one
population with silverleaf symptom
induction. Entomol. Exp. Appl. 61: 211-
219.

Costa, H.S., J.K. Brown, S.
Sivasupramaniam & J. Bird. 1993.
Regional distribution, insecticide
resistance, and reciprocal crosses
between the A and B biotypes of Bemisia
tabaci. Insect Sci. Appl. 14: 255-266.

Coudriet, D.L., N. Prabhaker, A.N.
Kishaba & D.E. Meyerdirk. 1985.
Variation in developmental rate on
different hosts and overwintering of the
sweetpotato whitefly, Bemisia tabaci
(Homoptera: Aleyrodidae). Environ.
Entomol. 14: 516-519.

Drost, Y.C., J.C. van Lenteren & H.J.W.
van Roermund. 1998. Life-history
parameters of different biotypes of
Bemisia tabaci (Hemiptera: Aleyrodidae)
in relation to temperature and host plant:
a selective review. Bull. Entomol. Res.
88: 219-229.

El-Helaly, M.S., A.L. El-Shazli & F.H. El-
Gayar. 1971. Biological studies on
Bemisia tabaci Genn. (Homoptera:
Aleyrodidae) in Egypt. Z. Angew.
Entomol. 69: 48-55.

Faria, J.C. & M.J.O. Zimmermann. 1987.
Controle do mosaico dourado do feijoeiro

(Phaseolus vulgaris) pela resistência
varietal e inseticidas. Fitopatol. Bras. 13:
32-35.

Faria, J.C., M.N. Oliveira & M. Yokoyama.
1994. Resposta comparativa de genótipos
de feijoeiro (Phaseolus vulgaris) a
inoculação com o vírus do mosaico
dourado no estágio de plântulas.
Fitopatol. Bras. 19: 566-572.

Hames, B.D. 1981. An introduction to
polyacrylamide gel electrophoresis. p.1-
91. In: B.D. Hames & D. Rickwood (ed.),
Gel electrophoresis of proteins; a
practical approach. Oxford, IRL Press,
290p.

Hendi, A., M.I. Abdel-Fattah & A. El-
Sayed. 1985. Biological study on the
white-fly, Bemisia tabaci  (Genn.)
(Homoptera: Aleyrodidae). Bull. Soc.
Entomol. Egypt 65: 101-108.

Jiménez, D.R., R.K. Yokomi, R.T. Mayer
& J.P. Shapiro. 1995. Cytology and
physiology of silverleaf whitefly-induced
squash silverleaf. Physiol. Mol. Plant
Pathol. 46: 227-242.

Lourenção, A.L. & H. Nagai. 1994. Surtos
populacionais de Bemisia tabaci no
Estado de São Paulo. Bragantia 53: 53-
59.

Schuster, D.J., T.F. Mueller, J.B. Kring &
J.F. Price. 1990. Relationship of the
sweetpotato whitefly to a new tomato fruit
disorder in Florida. Hortscience 25: 1618-
1620.

Simmons, A.M. 1999. Nymphal survival and
movement of crawler of Bemisia
argentifolii (Homoptera:  Aleyrodidae)
on leaf surfaces of selected vegetables.
Environ. Entomol. 28: 212-216.

Towbin, H., T. Staehelin & J. Gordon. 1979.
Electrophoresis transfer of protein from



582 Oriani & Lara

polyacrylamide gels to nitrocellulose
sheets: procedure and some applications.
Proc. Nat. Acad. Sci. 76: 4350-4354.

Verma, A.K., S.S. Ghatak & S.
Mukhopadhyay. 1990.  Effect of
temperature on development of whitefly
(Bemisia tabaci) (Homoptera,
Aleyrodidae) in West Bengal. Indian J.
Agric. Sci. 60: 322-326.

Wagner, T.L. 1995. Temperature-dependent

development, mortality, and adult size of
sweetpotato whitefly biotype B
(Homoptera: Aleyrodidae). Environ.
Entomol. 24: 1179-1188.

Wang, K. & Tsai, J.H. 1996. Development
and reproduction of Bemisia argentifolii
(Homoptera: Aleyrodidae) on five host
plants. Environ. Entomol. 25: 810-816.

Accepted 15/V/2000.


