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ABSTRACT Plant resistance to the B and Q biotypes of sweetpotato whiteßy, Bemisa tabaci
(Gennadius), induced by benzo[1,2,3]thiadiazole-7-carbothioic acid-S-methyl ester (BTH or aciben-
zolar-S-methyl) in tomato ÔMarmandeÕ plants was evaluated in free-choice and no-choice assays under
different conditions. BTH is the active ingredient of the Syngenta plant activator Bion. BTH treatment
affected host preference of B. tabaci (B and Q biotypes) adults on plants sprayed with Bion at 0.2 and
0.4 g/liter during the earlier days of free-choice assays. As a consequence, a decrease in the total
number of eggs (although female fecundity was not affected) and in the Þnal number of pupae and
empty pupal cases was observed. The effect produced by BTH applied at 0.1 g/liter Bion was not
signiÞcant. In no-choice assays, a reduction of the numbers of Þrst-stage larvae and total individuals
and a delay in insect development were observed when local treatment was restricted to one leaßet
per plant, 5 d before B. tabaci (biotype B) infestation. This acquired resistance induced by BTH
seemed to be locally expressed because of the differences between treated and nontreated leaßets in
the same plants, whereas no differences in nontreated leaßets were observed between BTH-treated
and control plants.
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TOMATO, Lycopersicon esculentum L. (Solanaceae), is
widely distributed, being one of the economically
most important crops in Mediterranean areas. Insect
pests are a limiting factors affecting the success of this
crop. Among them, sweetpotato whiteßy, Bemisia
tabaci (Gennadius) (Hemiptera: Aleyrodidae), is one
of the most outstanding problems. Damage caused by
this insect to commercial tomato may be directly
through phloem feeding or indirectly by the trans-
mission of plant viruses such as Tomato yellow leaf
curl viruses (familyGeminiviridae, genusGeminivirus,
TYLCV) (Mehta et al. 1994, Moriones and Navas-
Castillo 2000).

Often, control of B. tabaci is mostly based on the
application of insecticides, but whiteßies are resistant
to many of the chemicals used (Denholm et al. 1998).
Plant resistance is an alternative tool to environmen-
tally toxic insecticides in integrated control (Gabriel
and Cook 1990). A number of plants have constitutive
barriers against possible attacks by pests or pathogens,
and some plantÐparasite interactions often involve a
speciÞc plant R-gene (Dangl and Jones 2001). The
only cloned insect R-gene is Mi-1 from tomato that

confers resistance against the potato aphid, Macrosi-
phum euphorbiae (Thomas) (Rossi et al. 1998); the
whiteßy B. tabaci (Nombela et al. 2003); and some
nematode species (Roberts and Thomason 1986). In
addition, plants can activate protective mechanisms
upon contact with invaders; this is termed induced or
acquired resistance (Sticher et al. 1997) and can be
induced systemically (induced systemic resistance
and systemic acquired resistance) or expressed locally
in the infested plant parts only (local acquired resis-
tance) (Agrawal et al. 1999).

Multiple mechanisms are responsible for induced or
acquired resistance, and different types of interactions
between pathways have been described. Pathogens
frequently stimulate the pathway mediated by sali-
cylic acid, whereas herbivores frequently stimulate
the pathway mediated by jasmonic acid (Bostock et al.
2001). However, there are many examples in which
the opposite stimulation occurs, and it is also possible
for both pathways to be simultaneously involved in
response to a same organism (Karban and Kuc 1999).
The jasmonate and the salicylate pathways are not
independent and signaling conßicts and synergies in
response to pathogens and herbivores have been re-
ported (Bostock 1999, Thaler et al. 2004), especially
under Þeld conditions where plants are often chal-
lenged by multiple parasites simultaneously. Defenses
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induced by jasmonic and salicylic acids can coexist,
and unique temporal and spatial programs are
being displayed in each plantÐherbivore interaction
(Kaloshian and Walling 2005). In tomato plants, the
jasmonate pathway is strongly induced by whiteßy
feeding, whereas the salicylate pathway is weakly in-
duced (Walling et al. 2000). In addition to biological
inducers, various chemicals have been discovered
that seem to mimic all or part of the biological acti-
vation of resistance, but only a few of them have
reached commercialization (Oostendorp et al. 2001).
Benzo[1,2,3]thiadiazole-7-carbothioic acid-S-methyl
ester (BTH) or acibenzolar-S-methyl (ASM) is the
active ingredient of the Syngenta plant activator
Bion. Benzo[1,2,3]thiadiazole derivatives have been
shown to mimic the biological activation of systemic
acquired resistance by necrogenic pathogens (Kunz
et al. 1997). A number of reports exist on the efÞcacy
of Bion as inducer of resistance in different cultivated
plants against a broad spectrum of fungal, bacterial,
and viral diseases (Oostendorp et al. 2001, Smith-
Becker et al. 2003). Treatment with this product in
combination with other crop management strategies
has been tested for protection against TYLCV and its
vectorB. tabaci, resulting in increased fruit production
(Monci et al. 2003). However, little is known about the
actual effect of BTH on insect pest populations. Even
more limited is the available information on the effect
of BTH treatment on whiteßy densities on cotton and
tomato plants (Inbar et al. 1998, 2001).

The goals of this study were to test the possible
induction of resistance to B. tabaci by BTH in tomato
plants and to elucidate whether the response was
systemic or locally expressed in the treated plants.

Materials and Methods

Two populations of B. tabaci (B and Q biotypes)
were used. Both biotypes were reared initially on
cucumber and after several years the populationsÕ
cultures were transferred to tomato ÔMarmandeÕ.
Free-Choice Assays. Tomato Marmande seedlings

having two expanded leaves (15Ð18 d old) were
sprayed to runoff with Bion (Syngenta Agro SA, Ma-
drid, Spain) at 0.1 and 0.2 g/liter or with distilled water
(control plants). These Bion solutions correspond to
0.05 and 0.1 g/liter BTH, respectively, because the
product contains 50% of the active ingredient. Three
days after treatment, 30 plants (10 replicates per
treatment) were randomly placed in a big rearing cage
with an undetermined number of B. tabaci whiteßies
(biotype Q). After two more days, whiteßies (males
and females) from each plant were carefully counted
and eliminated. Eggs also were counted and female
fecundity was estimated as the number of eggs per
female per day. Plants were then placed in separate
cylinder cages and maintained for 23 d at 25 � 2�C,
60 � 10% RH, and a photoperiod of 16:8 (L:D) h. Then,
the numbers of third- (L3) and fourth-stage (L4)
nymphs and empty pupal cases were counted. The
experiment was conducted twice. Numbers of eggs
per female and day were transformed by (x � 2)1/2

before statistical analysis. All other variables were
transformed by (x)1/2. Data were analyzed by a one-
way analysis of variance (ANOVA), and means were
compared by TukeyÕs honestly signiÞcant difference
(HSD) test (StatSoft 1994). In a second free-choice
assay, 38-d-old plants were sprayed with a 0.4 g/liter
Bion (corresponding to 0.2 g/liter BTH) solution or
with distilled water (control plants). Five days later,
12 treated and 12 control plants were transferred to an
insect-free greenhouse and randomized in a complete
block design at 30.8�/24�C day/night temperature and
60Ð80% RH. Each plant was equidistant from the ad-
jacent pots, and plant leaves did not touch each other.
Plants were infested with B. tabaci (B biotype) by
releasing �2,000 mature adults from a plastic tube in
the center of the greenhouse at an equidistant point
from the plants. Seven days after treatment, the num-
bers of adult whiteßies (males and females) were
counted in situ on all leaves of every plant, and the
counting was repeated every other day until day 21.
Counts were made early in the morning before the
adults became active. On emergence of new adults
(day 29), the total numbers of pupae and empty pupal
cases on all leaves of every plant were recorded. Num-
bers of daily adults and Þnal pupae were log10(x� 1)
transformed. Means from treated and control plants
were compared by the StudentÕs t-test (StatSoft 1994).
No-Choice Assays. Twenty tomato ÔMarmandeÕ plants

were used in the Þrst assay performed in laboratory
at room conditions: average room temperature of
22�C and a photoperiod of 16:8 (L:D) h. When plants
were 2 months old, 10 plants were treated on one
single leaßet with one 70-�l drop of 1 g/liter Bion
(0.5 g/liter BTH), and 10 other plants treated with
distilled water as controls. Five days after treatment,
Þve female B. tabaci (B biotype) were placed in a
plastic clip-cage, attached to the treated leaßet such
that whiteßies had access only to the abaxial surface of
the leaf (Nombela et al. 2001). To test whether plant
response was systemically expressed, a similar clip-
cage with whiteßies was attached to another un-
treated leaßet of each plant. This “systemic” leaßet was
located in the leaf immediately upper to the treated
leaf. After 24 h, whiteßy females were eliminated from
the plants, and the clip-cages were replaced in their
positions on the leaves. At the end of the experiment,
16 d after whiteßy exposure, the clip-cages were re-
moved, and the numbers of eggs, Þrst-stage (L1) and
second-stage (L2) larvae on each leaßet were re-
corded. Data were compared by the StudentÕs t-test
(StatSoft 1994).

A second no-choice assay was performed in a
growth chamber at 24�C and a photoperiod of16:8
(L:D) h. One-month-old plants were treated in one
single leaßet with six 10-�l small drops of 0.2 g/liter
Bion (0.1 g/liter BTH) (12 plants) or distilled water
(12 control plants). Five days later, plants were in-
fested with B. tabaci (B biotype) as described for the
Þrst no-choice assay. In this case, the female whiteßies
and the clip-cages remained for 5 d on the plants.
Counting was made at 16 d after whiteßy exposure.
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Data were compared by using StudentÕs t-test (Stat-
Soft 1994).

Results

Free-Choice Assays. In the Þrst free-choice assay,
results from the Þrst and the second rearing cages did
not differ, so data were pooled for the analysis with 20
replicates per treatment (Table 1). The numbers of
females (P� 0.048), males (P� 0.037), and total adults
(P � 0.037) of B. tabaci (Q biotype) found in plants
treated with 0.2 g/liter Bion were signiÞcantly lower
than in control plants at 5 d after treatment (TukeyÕs
HSD posthoc comparison of means). Similar results
were obtained for the total number of eggs (P� 0.017)
observed at the same time, although the number of
eggs per female per day was not affected. SigniÞcant
reduction in the numbers of empty pupal cases (P �
0.042) and the total number of individuals (L3 � L4
� new adults) (P � 0.033) also was observed at the
end of the experiment for the same dose. For the 0.1
g/liter concentration, values of the studied variables
were intermediate and not signiÞcantly different from
the control (Table 1).

The daily infestation rates of the B-biotype of
B. tabaci in the greenhouse free-choice assay are
shown in Fig. 1. The mean numbers of adults per plant
were lower on plants treated with Bion than were on
control plants until day 11 after treatment, when they

became similar. No signiÞcant differences were found
between Bion-treated and control plants in the aver-
age number of adults observed per plant per day
(4.80 � 0.61 versus 5.70 � 0.59; t� 1.12, df � 190, P�
0.26). However, the Þnal number of pupae per plant
(t� 3.17, df � 20, P� 0.005) and the number of pupae
per leaßet (t � 3.05, df � 20, P � 0.006) were signif-
icantly lower on the Bion-treated than on control
plants (Fig. 2).
No-ChoiceAssays. In the Þrst no-choice assay (room

temperature), the numbers of L1 and total individuals
(eggs � L1 � L2) on the treated leaßets were signif-
icantly lower on the plants with BTH than on the
water-treated plants (Table 2). On the contrary, BTH-
treated and water-treated plants did not signiÞcantly
differ in the number of individuals observed on the
untreated leaßets (Table 2). Moreover, the numbers
of L1 and the sum of eggs � L1 � L2 were signiÞcantly
lower on the BTH-treated leaßets than were on the
untreated leaßets from the same plants (Table 3).

In the second no-choice assay, performed under
controlled conditions, only eggs and L1 were observed
on leaßets treated with BTH, whereas L2 and even a
few L3 nymphs also were observed on the water-
treated leaßets of control plants (Table 2). Moreover,

Fig. 1. Number of adults per plant of B. tabaci (B bio-
type) daily recorded on plants treated with BTH or water
(control), during the free-choice assay under greenhouse
conditions. Data points represent the mean � SE of 12 plants.

Fig. 2. Mean � SE numbers of total pupae and pupae per
leaßet of B. tabaci (B biotype) observed on BTH and control
plants at 29 d after treatment in the greenhouse free-choice
assay. Different letters indicate signiÞcant differences be-
tween treatments: P � 0.005 for total pupae (uppercase
letters) and P � 0.006 for pupae per leaßet (lowercase let-
ters).

Table 1. Mean (� SE) numbers of B. tabaci (Q biotype) females, males, eggs, and daily eggs per female observed at 5 d after treatment
(2-d oviposition period), and L3, L4, and empty pupal cases at 23 d later, on control and BTH-treated plants from the first free-choice
assay

Individuals/leaßet

Control 0.1 g/liter Bion 0.2 g/liter Bion F P

Females 14.10 � 2.05a 10.85 � 1.57ab 8.35 � 1.37b 3.02 0.06
Males 12.10 � 2.03a 10.30 � 2.26ab 6.65 � 1.98b 3.62 0.04
Total adults (females � males) 26.20 � 3.83a 21.15 � 3.56ab 15.00 � 3.17b 3.62 0.04
Total eggs 106.50 � 13.54a 97.05 � 17.78ab 57.25 � 8.60b 4.53 0.02
Daily eggs/female 3.20 � 0.26a 3.23 � 0.24a 2.99 � 0.34a 0.54 0.59
L3 11.10 � 2.65a 5.65 � 1.12a 6.70 � 1.74a 2.87 0.07
L4 37.80 � 6.34a 31.95 � 5.51a 22.45 � 4.37a 2.39 0.11
Empty pupal cases (�new adults) 28.35 � 6.97a 33.50 � 9.97ab 11.80 � 3.40b 4.00 0.03
Total (L3 � L4 � new adults) 77.25 � 10.73a 71.10 � 13.59ab 40.95 � 7.30b 3.69 0.03

Means in a line followed by a different letter differ signiÞcantly (P � 0.05) byTukeyÕs HSD test.
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L1 and the sum eggs � immatures were signiÞcantly
lower in the BTH-treated than in the water-treated
plants (Table 2). Similarly to the Þrst no-choice assay,
no signiÞcant differences between BTH-treated and
control plants were observed on the untreated leaßets
(Table 2). Finally, signiÞcant differences in the num-
bers of L1, L2, and total individuals were found be-
tween treated and untreated leaßets of the BTH-
treated plants (Table 3). As expected, no differences
were obtained in either of the no-choice assays be-
tween treated and no-treated leaßets of the control
plants (Table 3).

Discussion

Treatment with BTH affected B. tabaci host pref-
erence as deduced from the values of the total num-
bers of adult whiteßies (males and females) observed
at 5 d after treatment in the Q biotype assays and
during the Þrst days of the B biotype greenhouse
experiment. The difference in the number of eggs per
plant recorded in the Þfth day resulted from a reduc-
tion in the number of females attracted to treated
plants and not by a decrease of female fecundity (rep-
resented by the daily number of eggs laid per female).

Other authors reported a reduction of whiteßy den-
sities because of BTH treatment, although they con-
sidered this effect negligible on cotton (Inbar et al.
2001). In tomato, a trendof reduceddensitiesofwhite-
ßies, although not signiÞcant, had been previously
found on BTH-treated plants (Inbar et al. 1998). As a
consequence of the reduced oviposition after BTH
treatment in the free-choice assays of the current
study, a decrease in the numbers of B and Q pupae or
empty pupal cases present on the plants also was
observed at the end of the experiments, because these
individuals correspond to eggs laid by whiteßy females
during the earlier days after treatment.

In this study, the inßuence of BTH treatment on the
host preference of B. tabaci was strongly related with
product concentration. Differences between treated
and control plants were more evident when 0.2 or
0.4 g/liter Bion solution was used. When the product
was applied at 0.1 g/liter (equivalent to 0.05 g/liter
active ingredient), no signiÞcant reduction in the
studied variables compared with the control was ob-
served. Previously, Inbar et al. (1998) obtained similar
results in tomato Þelds with a BTH concentration
equivalent to 0.49 g/liter (active ingredient), even
when the application was repeated every 3 wk. Bion

Table 2. Mean (� SE) numbers of B. tabaci (B biotype) eggs, L1, L2, and L3 observed on the treated and no-treated contiguous leaflets,
comparing treatments with BTH and water (control) at the end of the first (room temperature, n � 10) and the second (controlled
conditions, n � 12) no-choice assays

Treated leaßets No-treated (contiguous) leaßets

BTH plants Control plants t P BTH plants Control plants t P

Room temp assay
Eggs 0.4 � 0.3a 0.8 � 0.3a 0.92 0.37 0.2 � 0.1a 2.3 � 1.8a 1.21 0.24
L1 3.1 � 1.3b 5.3 � 1.0a 2.07 0.05 6.9 � 1.4a 7.8 � 2.5a 0.04 0.97
L2 0.0 � 0.0a 0.8 � 0.5a 1.61 0.13 0.1 � 0.1a 1.1 � 0.7a 1.27 0.22
Total 3.5 � 1.3b 6.9 � 0.7a 3.17 0.01 7.2 � 1.4a 11.1 � 4.1a 0.77 0.45

Controlled conditions assay
Eggs 3.0 � 1.0a 3.6 � 0.7a 0.95 0.35 3.8 � 0.8a 3.7 � 1.0a 0.03 0.98
L1 4.3 � 1.4b 11.7 � 2.8a 3.04 0.01 11.7 � 3.5a 14.3 � 3.1a 1.13 0.27
L2 0.0 � 0.0b 5.8 � 1.0a 14.97 0.00 3.0 � 1.1a 4.2 � 0.8a 1.66 0.11
L3 0.0 � 0.0a 1.0 � 0.7a 1.66 0.11 0.3 � 0.3a 0.0 � 0.0a 0.96 0.35
Total 7.3 � 1.6b 22.0 � 3.5a 4.09 0.00 18.8 � 4.0a 22.2 � 2.6a 1.30 0.21

Means in a line for separated treated or no-treated leaßets followed by a different letter differ signiÞcantly (P� 0.05) by the StudentÕs t-test.

Table 3. Mean (� SE) numbers per leaflet of B. tabaci (B biotype) eggs, L1, L2, and L3 observed on plants treated with BTH or water
(control), comparing treated and no-treated leaflets of the same plants at the end of the first (room temperature, n � 10) and the second
(controlled conditions, n � 12) no-choice assays

BTH plants Control plants

Treated leaßet
No-treated

leaßet
t P Treated leaßet

No-treated
leaßet

t P

Room temp assay
Eggs 0.4 � 0.3a 0.2 � 0.1a 0.39 0.70 0.8 � 0.3a 2.3 � 1.8a 0.34 0.74
L1 3.1 � 1.3b 6.9 � 1.4a 2.71 0.02 5.3 � 1.0a 7.8 � 2.5a 0.75 0.46
L2 0.0 � 0.0a 0.1 � 0.1a 0.94 0.36 0.8 � 0.5a 1.1 � 0.7a 0.21 0.84
Total 3.5 � 1.3b 7.2 � 1.4a 2.52 0.02 6.9 � 0.7a 11.1 � 4.1a 0.75 0.47

Controlled conditions assay:
Eggs 3.0 � 1.0a 3.8 � 0.8a 0.66 0.52 3.6 � 0.7a 3.7 � 1.0a 0.23 0.82
L1 4.3 � 1.4b 11.7 � 3.5a 2.07 0.05 11.7 � 2.8a 14.3 � 3.1a 0.71 0.48
L2 0.0 � 0.0b 3.0 � 1.1a 3.15 0.00 5.8 � 1.0a 4.2 � 0.8a 1.44 0.17
L3 0.0 � 0.0a 0.3 � 0.3a 1.00 0.33 1.0 � 0.7a 0.0 � 0.0a 1.58 0.13
Total 7.3 � 1.6b 18.8 � 4.0a 3.02 0.01 22.0 � 3.5a 22.2 � 2.6a 0.27 0.79

Means in a line for separated BTH or control plants followed by a different letter differ signiÞcantly (P � 0.05) by the StudentÕs t-test.
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doses used in the assays of the current study were in
the range recommended for tomato foliar treatments
by the product manufacturer (J. A. López, personal
communication). These doses had no apparent effect
on plant growth and survival because treated and
untreated plants had similar development and healthy
appearances.

The resistant response against B. tabaci, induced in
tomato plants by BTH is probably not very long-lasting
because the most clear effects were detected during
the earlier days after treatment. In general, induced
activation by BTH against pathogens lasts longer in
monocots than in dicots where applications in the Þeld
have to be repeated at 7Ð14-d intervals (Lyon and
Newton 1999). Although other studies are in progress
to more accurately determine the initial time point of
this transient, induced response against whiteßies and
its durability in tomato plants, from the present results
it can be postulated that this response does not last
longer than 10 to 11 d after treatment. This could
partially explain the difference between our results
and the negligible effects reported by Inbar et al.
(2001) in cotton plants because their insect trials were
started 2 wk after the last treatment with BTH.

In the no-choice assays, BTH induced a certain level
of resistance to B. tabaci (B biotype) in the treated
plants, expressed as a signiÞcant reduction in the total
number of insects, especially L1, compared with con-
trol plants. Moreover, only eggs and L1 larvae were
found on the BTH-treated leaves at sampling time,
meanwhile �12 and 31% (Þrst and second no-choice
assays, respectively) of individuals reached the L2 or
even L3 larval instars on the control plants. In other
words, the present results provide evidence that treat-
ment with BTH mostly impaired egg hatching and/or
delayed the subsequent insect development, prevent-
ing the L1 immatures from reaching the second or
third developmental stage. Difference between both
no-choice assays was because of different time periods
for whiteßy oviposition (1 and 5 d, respectively) and
to differences in temperature, which strongly condi-
tions developmental rates of this insect (Muñiz and
Nombela 2001).

Other studies are being conducted to analyze at the
molecular level the resistance induced by BTH to B.
tabaci. Apparently, exogenous application of BTH (a
functional analog of salicylic acid) to tomato plants
could induce a defensive response to the piercingÐ
sucking insect B. tabaci based on the salicylic acid
signaling pathway similar to those observed against
bacterial, fungal or viral pathogens (Oostendorp et al.
2001). On the contrary, BTH compromises resistance
to chewing insects such as Spodoptera exigua (Hüb-
ner) because treatment attenuates the expression of
genes involved in the jasmonate signaling pathway
(Thaler et al. 1999). Although interferences can exist
between both signaling pathways, it is interesting that
whiteßies are perceived by the plant as bacterial or
fungal pathogens and induce distinct gene sets from
insects that cause extensive tissue damage (van de Ven
et al. 2002).

The level of control of whiteßy populations ob-
tained in tomato plants with BTH treatment by itself
could not be acceptable by growers. Nevertheless, the
induction of resistance by this or other abiotic elicitors
can always be considered a valuable tool in the frame-
work of integrated pest management programs pre-
venting the pest outbreaks, enhancing the effective-
ness of other management strategies, reducing doses
and costs for their application, or a combination.
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