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Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae) has been recognized as
an important pest of many agricultural systems including soybean [Glycine
max (L.) Merrill] crops. As an alternative to chemical control, the use of
resistant genotypes represents an important tool for integrated pest man-
agement (IPM). This study aimed to evaluate the biological development
of Bemisia tabaci biotype B confined on 13 soybean genotypes under
greenhouse conditions. Initially, the nymphal period, complete develop-
ment period (egg–adult), and the viability of the silverleaf whitefly nymphs
were evaluated in all genotypes. Then, four genotypes promising for re-
sistance (‘Jackson,’ UX-2569-159, ‘P98Y11,’ and ‘TMG132 RR’) and a suscep-
tible genotype (PI-227687) were selected for further assays, where two
insect populations were compared: a first population from the initial rear-
ing (cabbage plants) and another corresponding to insects previously
reared out on the selected genotypes. In addition to the parameters eval-
uated in preliminary tests, we also determined the viability and incubation
period of eggs. Moderate levels of resistance (antibiosis/antixenosis) to
B. tabaci biotype B were found in three genotypes. ‘P98Y11’ and ‘TMG132
RR’were less suitable for insect development, extending the development
cycle, and UX-2569-159 caused high nymphal mortality. We did not ob-
serve a significant increase in the level of plant resistance by the use of
previously stressed insects. This suggests that the evaluation of a single
whitefly generation may be sufficient to make correct decisions on prom-
ising soybean genotypes.

Introduction

Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae) has been
extensively studied worldwide since the 1980s, mainly after
the reports of outbreaks of biotype B in several countries (De
Barro 2011, Oliveira et al 2013). In Brazil, this biotype was
found for the first time in the 1990s (Lourenção & Nagai
1994) and has since stood out as an important pest for many
crops, including soybean [Glycine max (L.) (Merrill)] (Vieira
et al 2011). The attack of this whitefly on different crops in
Brazil causes economic losses estimated at approximately
714 million dollars/year (Oliveira et al 2013).

This insect causes direct damage by feeding on phloem
sap, compromising development of plants. Indirect damage
occurs during the feeding process, favoring the development

of sooty mold (Capnodium sp.) and, consequently, reducing
the photosynthetic capacity of the plants (Musa and Ren,
2005 Naranjo and Legg 2010, Cameron et al 2013). In addi-
tion, this insect has emerged as an important vector of
geminivirus (Navas-Castillo et al 2011, Polston et al 2014). In
soybean, B. tabaci biotype B transmits Cowpea mild mottle
virus (CpMMV) (Thouvenel et al 1982).

Chemical control is used almost exclusively to control this
pest. However, this method can select resistant individuals
and cause environmental imbalances (Prabhaker et al 2005,
Silva et al 2009). Thus, the use of less aggressive methods
such as resistant genotypes has become necessary. This
method has proven efficiency and great potential to be in-
cluded into any pest management program (Smith &
Clement 2012). There are three categories of plant
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resistance: antibiosis, antixenosis, and tolerance (Painter
1951). The antibiosis occurs when, upon feeding on a resis-
tant plant, the arthropod biology is impacted by either bio-
physical or biochemical plant defenses. Common effects of
plant antibiosis on arthropods include death of early instars,
reduction of adult fecundity, and prolongation of the imma-
ture period and life cycle (Panda & Khush 1995). Antixenosis
causes adverse effects on insect behavior. Biophysical, bio-
chemical, or both factors present in plants exhibiting
antixenosis affect arthropod recognition of the plant as a
suitable source of food, oviposition site, or shelter (Kogan
1975, Panda & Khush 1995).

Some work has been conducted in the search for resistant
soybean genotypes (Valle & Lourenção 2002, Lima & Lara
2004, Silva et al 2012, Valle et al 2012). However, the main
objective of most of the research has been to characterize
the occurrence of antixenosis (attractiveness and oviposition
preference trials), with few results related to antibiosis (Silva
et al 2012). According to Smith (2005), antixenosis and anti-
biosis often overlap and the distinction between these resis-
tance mechanisms requires the completion of specific tests.
In the case of tiny insects such as whiteflies and aphids, this
separation becomes even more laborious, due to the difficul-
ty of assessing the insect consumption (Painter 1951).

In this paper, we investigated the biological aspects of
silverleaf whitefly on Brazilian soybean genotypes promising
for resistance to soybean pests (Valle & Lourenção 2002,
Silva et al 2012, 2014) and American genotypes that are re-
sistant to other sucking insects (Hill et al 2004, 2006,
Prochaska et al 2013). In addition to traditional tests compar-
ing insect survival and development in a specific germplasm,
we also evaluated insects previously confined to soybean

genotypes showing whitefly resistance in order to test its
stability in more than one insect generation.

Material and Methods

The study was conducted in a greenhouse at the College of
Agronomic Sciences (UNESP), Botucatu, SP, Brazil (22°85′Sʺ
latitude, 48°26′Wʺ longitude). The 13 soybean genotypes
evaluated in the experiments, their respective genealogies,
and the justification for choosing them are described in
Table 1.

Bemisia tabaci biotype B rearing

The population of B. tabaci biotype B, originally obtained
from the culture of the Instituto Agronômico de Campinas
(IAC), was maintained in a screen cage (2.0 × 2.5 × 2 m) cov-
ered with plastic sheeting and shade cloth, with the lateral
and frontal parts protected with white anti-aphid screens
(200 mesh). The insects were provided cabbage (Brassica
oleracea var. acephala L.) grown in plastic pots with a capac-
ity of 2.5 L. Molecular characterization of the insect was
performed periodically during the experiment to confirm
the biotype according to Walsh et al (1991), Simon et al
(1994), and De Barro et al (2003).

Preliminary test

The soybean genotypes were grown in pots (3 L), filled with a
sterilized substrate composed of soil, coarse sand, and or-
ganic matter (cattle manure) at a ratio of 1:1:1. The plants

Table 1 List of assessed soybean genotypes, their genealogies/origins, and justifications for research.

Genotype Genealogy/origins Resistance history

‘Jackson’ (PI 548657) ‘Volstate’(2) × ‘Palmetto’(USDA/EUA) Antibiosis to A. glycines (Hill et al 2006)

UX-2569-159 U06-607094 × UX2324-34 Antibiosis to A. glycines (Baldin et al 2016)

‘Dowling’ (PI 548663) ‘Semmes’ × PI 200492 (USDA/EUA) Antibiosis to A. glycines (Hill et al 2004)

‘IAC-17’ D72-9601-1 × IAC-8 Antixenosis to Bemisia tabaci biotype B (Silva et al 2012,
Valle & Lourenção 2002)

‘IAC-19’ D72-9601-1 × IAC-8 Antixenosis to B. tabaci biotype B (Valle & Lourenção 2002)

‘Conquista’ Lo76-44842 × Numbaíra Susceptible commercial genotype (Silva et al 2012)

‘IAC-100’ ‘IAC-12’ × IAC-78-2318 Antixenosis to Piezodorus guildinii (Silva et al 2014)

PI-274454 Japan Antixenosis to P. guildinii (Silva et al 2014)

PI-227687 Japan Antixenosis to P. guildinii (Silva et al 2014)

PI-274453 Japan Antixenosis to P. guildinii (Silva et al 2014)

‘P98Y11’ Pioneer Commercial genotype

‘TMG132 RR’ Tropical Melhoramento & Genética Commercial genotype

‘TMG1176 RR’ Tropical Melhoramento & Genética Commercial genotype
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were maintained in greenhouses, free from insect
infestation.

Initially, a test with all 13 soybean genotypes was conduct-
ed (Table 1) in a greenhouse (temperature of 25.3°C, with a
maximum of 31.4°C and a minimum of 17.3°C; average rela-
tive humidity of 58%, with a maximum of 95% and a mini-
mum of 38%; natural photophase), during the month of
September 2014. Three plants of each genotype in the veg-
etative stage V1–V2 (Fehr & Caviness 1997) were isolated in
metal cages (35 cm diameter × 55 cm height), covered with
voile, and infested with approximately 50 pairs of whitefly
(individuals from initial culture) for a period of 24 h. The
insects were collected using a mouth aspirator (11 cm high
and 4 cm in diameter), giving preference to whitefly pairs,
since, according to Byrne & Bellows Junior (1991), insect cou-
ples usually stay paired.

After 24 h of infestation, the adult insects were removed
and two leaflets per plant were examined with the aid of a
stereoscopic microscope (magnification ×40), and 30 eggs
(with normal color and shape) were left on the abaxial sur-
face of each leaflet. The leaflets of the first fully developed
leaf were chosen. The surplus eggs were removed using flex-
ible cotton swabs (Cotonete®, Brazil) (Cruz et al 2014). A
completely randomized design was adopted, and each leaflet
containing 30 eggs represented a repetition (a total of six per
genotype). The following biological parameters of the insect
were evaluated: duration of nymphal period, the egg to adult
development, and the viability of the immature phase (from
adult emergence).

Test with selected genotypes

From the results of the initial test, four genotypes that indi-
cated some type of resistance (‘Jackson,’ UX-2569-159,
‘P98Y11,’ and ‘TMG132 RR’) and one susceptible genotype
(PI-227687) were selected for further biological performance
tests, which compared two populations of whitefly: one with
individuals from the initial culture (cabbage plants) and one
with insects reared on the respective selected genotypes.

To obtain the insects reared on the selected genotypes,
two plants of each genotype (vegetative stage V2–V3) were
subjected to infestation by whiteflies (insects from initial cul-
ture) for 24 h as described above. After this period, the adult
insects were removed and the plants were monitored until
the emergence of adults, which were used in the next stage
of the experiment.

In the next part of the experiment, six plants were used
for each genotype, three being subjected to infestation with
insects collected from the initial culture and three that were
infested with insects from the respective plant genotypes
that were evaluated. The methodology used was the same
as described for the first test. This step was also developed in
the greenhouse, but under different conditions (28.5°C, with

a maximum of 35.2°C and a minimum of 21.5°C; average
relative humidity of 64%, with a maximum of 95% and min-
imum of 37%; natural photophase), during the month of
October 2014. We used a completely randomized design in
a factorial 5 × 2 (five soybean genotypes and two popula-
tions), with six replications for each combination, and each
leaflet containing 30 eggs represented a repetition (total of
six per genotype). The parameters evaluated were incuba-
tion period and egg viability, duration of nymphal period, the
egg to adult development, and the viability of the immature
phase.

Statistical analysis

The data were subjected to ANOVA using the F test. The
normality and homogeneity of the data were assessed with
the Shapiro–Wilk and Levene tests, respectively. Whenever
the F test was significant, means were compared by the
Tukey test (α = 5), using the statistical software Statistical
Analysis System (SAS, version 9.2). The original data for via-
bility (x) were arcsine-transformed (x + 0.5)1/2.

Results and Discussion

In the preliminary test, ‘TMG132 RR,’ ‘P98Y11,’ ‘TMG1176 RR,’
UX-2569-159, ‘Jackson,’ and ‘IAC-100’ prolonged (14.9–
15.2 days) the nymphal period of B. tabaci biotype B, differing
from PI-227687 and ‘IAC-19’ (Table 2). The genotypes
‘TMG132 RR’ and ‘P98Y11’ prolonged the developmental pe-
riod from egg to adult (Table 2). This effect may have oc-
curred due to a lower suitability of these genotypes as a food
source for the insect, suggesting antibiosis. This mechanism
of resistance is usually associated with plant biochemical fac-
tors, such as the presence of free amino acids, fatty acids,
and fibers in the leaflets, which may have adverse effects on
an insect that attempts to colonize it, affecting the biological
performance of the insect (Smith & Chuang 2014). However,
the associated expression of antixenosis should not be
disregarded, since we did not evaluate the food consumption
of insects.

As discussed by some authors (Panda & Khush 1995, Diaz-
Montano et al 2006, Stout 2013), plants expressing high
levels of antixenosis can also cause deleterious effects (e.g.,
underdevelopment, high mortality, and life cycle delay) on
insect biology, suggesting the occurrence of antibiosis. The
distinction of the two mechanisms requires precise quantifi-
cation of food intake, which in the case of whitefly makes the
evaluation more difficult.

Although soybean PI-227687 has been reported as having
multiple resistance mechanisms against crop pests (Smith
1985, Silva et al 2014), in this work, this genotype was asso-
ciated with the most accelerated development of B. tabaci
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biotype B from egg to adult. This result was similar to those
observed by Lima & Lara (2004) and Silva et al (2012), which
also verified the susceptibility of PI-227687 to B. tabaci bio-
type B. The shorter time required by the whitefly to develop
on this genotype, combined with reports of its higher attrac-
tiveness and oviposition preference by the insect (Valle &
Lourenção 2002), indicate that PI-227687 is highly suscepti-
ble to colonization by the whitefly.

Regarding the adult emergence (Table 2), UX-2569-159
showed the lowest adult emergence, differing from ‘IAC-
17,’ PI-227687, PI-274453, ‘Conquista,’ ‘TMG1176 RR,’
‘TMG132 RR,’ and IAC-100. This suggests the occurrence of
resistance (antibiosis/antixenosis) in UX-2569-159 because of
the low viability in the younger stage of the insects. The
expression of antibiosis in UX-2569-159 genotype was also
recently reported to the soybean aphid (Baldin et al 2016).
The inadequate ingestion of compounds produced by the
plant may have caused physiological changes in the whitefly,
resulting in different levels of mortality over the course of its
development (Baldin & Beneduzzi 2010). The ‘Jackson’ geno-
type, which showed nymphal viability similar to UX-2569-159,
has previously been mentioned as having antibiosis against
the soybean aphid A. glycines, reducing fertility, longevity,
and viability of insects relative to other genotypes (Li et al
2004). These authors also report the occurrence of antibiosis
in ‘Dowling’; however, in this study, this genotype was found
to be favorable to the development of insects.

Based on the preliminary results, five genotypes were se-
lected for further performance assays: ‘TMG132 RR’ and
‘P98Y11’ (highest average egg–adult development); UX-
2569-159, and ‘Jackson’ (low adult emergence and life cycle
prolongation). PI-227687 was kept as the susceptible

standard. Egg viability was not influenced by the origin of
insects used for plant infestation, with an average hatch rate
of over 90% (Table 3). The interaction between genotype
and the origin of the population was significant for the incu-
bation period. The genotypes ‘TMG132 RR,’ PI-227687, UX-
2569-159, and ‘Jackson’ were shown to increase the incuba-
tion period of the insect when the infestation was made up
of insects from those genotypes.

The interaction between the population and genotype
was not significant for the nymphal period (Table 3). Thus,
regardless of the population used for infestation, the only
observed effect was related to genotypes, with insects ex-
posed to ‘P98Y11’ and ‘TMG132 RR’ having a more prolonged
nymphal period than those exposed to PI-227687, which was
the most favorable to the development of nymphs.
Regarding the development period from egg–adult
(Table 3), no significant interaction was observed and only
the effect of the genotypes was observed, with the individ-
uals fed on ‘P98Y11’ and ‘TMG132 RR’ presenting the largest
extension of that phase. These results support those found in
the preliminary test, in which the insects reared on these
genotypes also required more time to complete their cycle,
suggesting the expression of antibiosis/antixenosis.

The variation in the egg–adult development period dif-
fered between trials (Tables 2 and 4). This difference proba-
bly occurred due to the different environmental conditions
under which the experiments were conducted, with the
highest average temperature in the second test. Previous
studies have shown that in soybean the length of egg–adult
development of B. tabaci is shorter in temperatures around
26–28°C (Albergaria & Cividanes 2002, Silva et al 2012).
Whitefly development time also varies with the host plant,

Table 2 Means (±SE) of nymphal
period, development of egg–
adult, and adult emergence of
Bemisia tabaci biotype B in
soybean genotypes in
greenhouse.

Genotype Nymphal period (days)a Development egg–adult (days)a Adult emergence (%)a,b

‘TMG132 RR’ 15.2 ± 0.16 ab 24.2 ± 0.16 a 86.1 ± 3.09 a

‘P98Y11’ 15.2 ± 0.16 ab 24.0 ± 0.16 a 80.9 ± 2.76 ab

UX-2569-159 15.1 ± 0.17 abc 23.8 ± 0.17 ab 68.6 ± 3.86 b

‘TMG1176 RR’ 15.1 ± 0.14 abc 23.8 ± 0.14 ab 86.8 ± 2.33 a

‘IAC-100’ 15.0 ± 0.23 abcd 23.8 ± 0.23 ab 85.8 ± 4.69 a

‘Jackson’ 14.9 ± 0.13 abcd 23.8 ± 0.13 ab 77.8 ± 4.33 ab

‘IAC-17’ 14.7 ± 0.10 abcde 23.5 ± 0.10 abc 89.6 ± 1.36 a

‘Conquista’ 14.6 ± 0.15 bcde 23.5 ± 0.15 abc 86.8 ± 2.90 a

‘Dowling’ 14.5 ± 0.07 cde 23.0 ± 0.07 bc 85.4 ± 3.38 ab

PI-274453 14.4 ± 0.12 cde 23.0 ± 0.12 bc 87.4 ± 2.06 a

PI-274454 14.3 ± 0.16 de 23.0 ± 0.16 bc 79.0 ± 4.92 ab

‘IAC-19’ 14.2 ± 0.09 e 23.0 ± 0.09 bc 80.7 ± 1.67 ab

PI-227687 14.1 ± 0.19 e 22.7 ± 0.19 c 88.0 ± 3.47 a

p 0.0026 0.0044 0.0123

aMeans followed by the same lowercase letter per column do not differ by Tukey’s test (p > 0.05). b For analysis,
the data on adult emergence (%) were arcsine-transformed (x + 0.5)1/2

Soybean Resistance to Silverleaf Whitefly 213



being shorter in soybean, cabbage, cowpea, and tomato (17–
22 days) and longer in poinsettia and cassava (25–27 days)
(Villas-Bôas et al 2002, Lima & Lara 2004, Cruz et al 2014).

The interaction was not significant for the adult emer-
gence (Table 4). However, effects were observed between
the origins of the insects used for infestation, with lower
levels of adult emergence observed in the descendants of
insects reared on soybean genotypes than in the descen-
dants of insects of the original culture reared on cabbage.

In absolute values, ‘TMG132 RR’ showed the greatest differ-
ence, with 82.4 and 64.7% emergence for the descendants of
individuals from the initial culture and individuals reared on
the genotype itself, respectively.

Considering all of the results from the second test
(Tables 3 and 4), a significant increase in the level of plant
resistance by the use of previously stressed insects was not
observed. Overall, ‘P98Y11’ and ‘TMG132 RR’ were less suit-
able for insect development, prolonging their development
cycle, which indicates the occurrence of antibiosis/
antixenosis in these genotypes. UX-2569-159 also demon-
strated to be resistant, causing high nymphal mortality.
These genotypes may present resistance factors in their con-
stitution, which can be explored in soybean breeding pro-
grams for resistance to whiteflies. The absence of significant
difference in the performance of individuals confined by one
or two generations indicates that the expression of resis-
tance in these soybean genotypes is stable for up to two
generations of B. tabaci biotype B. Thus, the evaluation of
a single whitefly generation may be sufficient to make cor-
rect decisions on promising soybean genotypes.

Table 3 Means (±SE) of viability of eggs, incubation period, and
nymphal period of Bemisia tabaci biotype B from different populations
in greenhouse.

Egg viability (%)a,b

Origin of insects

Genotype Colony Selected genotype Mean

‘Jackson’ 94.1 ± 1.77 88.9 ± 2.63 91.5 a

PI-227687 95.8 ± 1.69 90.0 ± 2.19 92.9 a

UX-2569-159 94.2 ± 2.63 91.8 ± 2.01 93.0 a

‘TMG132 RR’ 93.5 ± 1.84 93.3 ± 2.23 93.4 a

‘P98Y11’ 95.8 ± 1.03 91.3 ± 1.98 93.5 a
Mean 94.7 A 91.8 A
p (Genotype) 0.3542

p (Population) 0.0518

p (Interaction) 0.5938

Incubation period (days)a

Origin of insects

Genotype Colony Selected genotype Mean

PI-227687 6.4 ± 0.09 a B 6.8 ± 0.06 a A 6.6

‘Jackson’ 6.2 ± 0.08 a B 6.8 ± 0.04 a A 6.5

‘TMG132 RR’ 6.1 ± 0.03 a B 6.9 ± 0.07 a A 6.5

‘P98Y11’ 6.4 ± 0.04 a A 6.7 ± 0.14 ab A 6.5

UX-2569-159 6.1 ± 0.04 a B 6.9 ± 0.04 a A 6.4
Mean 6.3 6.7
p (Genotype) 0.0189

p (Population) 0.0000

p (Interaction) 0.0007

Nymphal period (days)a

Origin of insects

Genotype Colony Selected genotype Mean

‘P98Y11’ 15.6 ± 0.15 15.2 ± 0.37 15.4 a

‘TMG132 RR’ 15.6 ± 0.19 15.1 ± 0.16 15.3 a

UX-2569-159 15.0 ± 0.18 14.9 ± 0.21 14.9 ab

‘Jackson’ 14.7 ± 0.12 14.8 ± 0.25 14.8 ab

PI-227687 14.5 ± 0.21 13.7 ± 0.10 14.1 b
Mean 15.0 A 14.8 A
p (Genotype) 0.0003

p (Population) 0.2871

p (Interaction) 0.0548

aMeans followed by the same lowercase letters per column and same
uppercase letter on the line do not differ by Tukey’s test (p > 0.05). b For
analysis, the data on egg viability (%) were arcsine-transformed (x +
0.5)1/2 .

Table 4 Means (±SE) of development period (egg–adult) and adult
emergence of Bemisia tabaci biotype B from different populations in
greenhouse.

Development egg–adult (days)a

Origin of insects

Genotype Colony Selected genotype Mean

‘P98Y11’ 22.0 ± 0.16 21.9 ± 0.50 21.9 a

‘TMG132 RR’ 21.7 ± 0.17 21.8 ± 0.20 21.8 a

UX-2569-159 21.1 ± 0.21 21.5 ± 0.19 21.3 ab

‘Jackson’ 20.8 ± 0.12 21.6 ± 0.27 21.2 ab

PI-227687 21.0 ± 0.20 20.5 ± 0.11 20.7 b
Mean 21.3 A 21.5 A
p (Genotype) 0.0005

p (Population) 0.5028

p (Interaction) 0.2596

Adult emergence (%)a,b

Origin of insects

Genotype Colony Selected genotype Mean

‘P98Y11’ 74.1 ± 4.45 63.3 ± 6.19 68.7 a

‘Jackson’ 69.1 ± 4.99 71.9 ± 5.69 70.5 a

UX-2569-159 74.9 ± 2.42 69.8 ± 5.09 72.3 a

‘TMG132 RR’ 82.4 ± 4.15 64.7 ± 4.70 73.6 a

PI-227687 82.5 ± 3.48 80.6 ± 1.92 81.5 a
Mean 76.0 A 69.9 B
p (Genotype) 0.0694

p (Population) 0.0214

p (Interaction) 0.2210

aMeans followed by the same lowercase letters per column and same
uppercase letter on the line do not differ by Tukey’s test (p > 0.05). b For
analysis, the data on adult emergence (%) were arcsine-transformed
(x + 0.5)1/2
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