Journal of Crop Health (2024) 76:447-460
https://doi.org/10.1007/510343-024-00968-y

RESEARCH

®

Check for
updates

Influence of Physical and Morphological Factors On the Preference and
Colonization of Bemisia Tabaci MED in Soybean Genotypes

Ana Paula Santana Lima’ - Edson Luiz Lopes Baldin' - Thais Lohaine Braga dos Santos’ - Alisson da Silva
Santana? - Isabella Rubio Cabral' - Aline Marques Pinheiro’ - Renate Krause Sakate’ - André Luiz Louren¢ao?

Received: 14 November 2023 / Accepted: 15 January 2024 / Published online: 19 February 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Deutschland, part of Springer Nature 2024

Abstract

The whitefly, Bemisia tabaci Mediterranean (MED), is an invasive pest of several crops, including soybeans. The objective
of this study was to evaluate the resistance of soybean genotypes to B. tabaci MED, in addition to the influence of possibly
related physical and morphological factors. A no-choice test was carried out with 90 soybean genotypes. Subsequently,
35 materials were selected for further no-choice and multiple-choice tests. Trichomes and leaf color of plants were observed,
with the aim of correlating these factors with the preference and colonization of B. tabaci MED. The genotypes KS 4202,
TMG 1188 RR, M 7739 IPRO, 65165 IPRO, and PI 229358 were the least preferred by adults of B. tabaci MED. In
the multiple-choice test, the lowest numbers of eggs and nymphs per square centimeter were observed for the genotypes
Dowling, PI 229358, IAC 24, KS 4202. The genotypes IAC 19, TMG 1288 RR, TMG 1182 RR, 99R09, Dowling, and
TMG 2375 TPRO presented the lowest numbers of eggs and nymphs in the no-choice assay. Plants with higher trichome
density were preferred by adults of B. tabaci MED and, consequently, were more heavily colonized by these insects.
Plants with leaves of lower luminosity and reduced green and yellow intensity were more attractive to the whiteflies. In
summary, genotypes IAC 24, IAC 19, Dowling, 99R09, TMG 1182 RR, TMG 1288 RR and TMG 2375 IPRO exhibited
lower colonization by B. tabaci MED in both assays, thus indicating their potential as promising sources of resistance to
B. tabaci MED.
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Introduction 2014; Brown et al. 2023). Two of them are considered

invasive, the Middle East-Asia Minor 1 (MEAM1) (known

The sweetpotato whitefly, Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae), is composed of cryptic (sibling)
species group that are morphologically indistinguishable,
requiring the use of molecular markers for species iden-
tification (De Barro et al. 2011; Boykin and De Barro
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as B biotype and Bemisia argentifolii Bellows & Perring
(Bellows et al. 1994)) and the Mediterranean (MED, known
as Q biotype) and considered as the B. fabaci sensu stricto
(Tay et al. 2012; Brown et al. 2023). These insects cause
damage to several species of cultivated plants, including
soybean, cotton, tomato, and bean (Vieira et al. 2011; De
Barro et al. 2011; Ramos et al. 2018).

The B. tabaci MEAM1 was first reported in Brazil in
1991 and is predominantly present (Lourencdo and Nagai
1994; De Moraes et al. 2018). Since its introduction, this
insect has gained notoriety as a pest in soybean crops, with
losses that can reach up to 30% of crop productivity (Vieira
et al. 2011, 2013). The MED species has a more recent oc-
currence in Brazil, being first reported in 2014, associated
with ornamental plants and greenhouse-grown vegetables
(Barbosa et al. 2015). However, it is known that MED al-
ready occurs in soybean open fields in the states of Sao
Paulo and Parana (Brazil) (Bello et al. 2021).
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Among the damages caused by Bemisia tabaci, the
phloem sap-sucking by both nymphs and adults can be
mentioned, resulting in direct damage to the plant’s phys-
iology (Zaidi et al. 2017; Perring et al. 2018; De Lima
Toledo et al. 2021; Schutze et al. 2022; Farina et al. 2022).
Indirect damage is also attributed to this pest. The re-
lease of honeydew by these insects promotes the growth
of Capnodium spp fungi, causing sooty mold, which sig-
nificantly reduces the total photosynthetic surface of the
plant (Cameron et al. 2013; Cuthbertson and Vinninen
2015). Bemisia tabaci also acts as a powerful vector of
plant viruses (Gilbertson et al. 2015). In Brazil, the trans-
mission of the soybean stem necrosis virus (Cowpea mild
mottle virus—CpMMYV) can be carried out efficiently by
MED and MEAMI, intensifying the problems caused by
whiteflies to this crop (Bello et al. 2019).

The primary strategy for controlling whiteflies is the use
of synthetic insecticides. However, several cases of loss of
susceptibility have already been reported (Dangelo et al.
2017; Bielza et al. 2018; Hopkinson et al. 2020; Zhou et al.
2020; Wang et al. 2020; Du et al. 2023), particularly for
B. tabaci MED, which exhibits higher levels of resistance
due to its higher detoxification capacity when compared to
MEAMI1 (Horowitz et al. 2005; Sun et al. 2013; He et al.
2018), making it less susceptible to this type of control.
Therefore, other management strategies must be adopted to
reduce populations of this pest.

The use of resistant plants can play a crucial role in man-
aging B. tabaci in soybean crops (Cruz and Baldin 2017).
Resistant plants can exhibit antibiosis, affecting the biol-
ogy of the pest, and antixenosis, influencing the behavior
of the insects, resulting in the reduction of their popula-
tions (Canassa et al. 2020; Morando et al. 2021; Santos
et al. 2023). There are also tolerant plants that do not af-
fect the biology and behavior of the insects, and even with
a high incidence of the pest, these plants can recover and
remain productive (Smith 2005; Baldin et al. 2019). Sev-
eral studies have been conducted to assess the resistance
of soybean genotypes to B. tabaci MEAMI, leading to the
identification of some sources of resistance based on an-
tixenosis and/or antibiosis (Valle Do and Lourencio 2002;
Vieira et al. 2011, 2016; Cruz and Baldin 2017; Baldin et al.
2017). However, to date, there has been a lack of studies
aimed at evaluating the resistance of soybean genotypes to
B. tabaci MED.

Several factors contribute to the expression of plant resis-
tance to insects. Plant defense mechanisms include various
morphological characteristics, such as trichomes, surface
waxes, and leaf hardness (Smith 2005; Baldin et al. 2019).
Additionally, the color spectrum expressed by plants can
influence their attractiveness as a host, which may be deci-
sive in attracting or repelling insects (Santos et al. 2020).
Given the potential of MED as a pest and the lack of infor-
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mation on sources of resistance in soybean plants in Brazil,
this study aims to identify soybean genotypes resistant to
this invasive pest, focusing on antixenosis and/or antibiosis.
Furthermore, it seeks to understand aspects related to resis-
tance by characterizing plant trichomes and leaf coloration.

Materials and Methods
Bemisia Tabaci MED Rearing

The initial population of B. tabaci MED was obtained from
a greenhouse-grown pepper crop in Sdo Miguel do Arcanjo,
S@o Paulo. Species confirmation using the mtCOI analysis
with primer pair Bem23F and Bem23R, followed the proto-
cols described by De Barro et al. (2003). The insects were
kept in metal cages (3x3x2.5m), with the sides covered
with anti-aphid mesh and the roof covered with transpar-
ent plastic and shade cloth. Poinsettia plants (Euphorbia
pulcherrima (Willd.)), bell peppers (Capsicum annuum L.),
and ornamental peppers (Capsicum spp.) were provided as
a source of food and shelter. These plants were grown in
plastic pots (2.5L) and were periodically irrigated and re-
placed as needed.

Obtaining Soybean Genotypes

Initially, 90 soybean genotypes were evaluated (Table 1).
The plants were grown in plastic pots (2.5L) containing
a substrate composed of soil (dark red latosol), sand, and
organic matter (cured cattle manure) in a 1:1:1 ratio. The
substrate was fertilized according to the crop recommenda-
tions (Cantarella et al. 2022). Plants at the V3/V4 (three or
four nodes on the main stem with fully developed leaves)
phenological stage (Fehr and Caviness 1977) were used in
all trials, which were kept in a greenhouse, free from insect
infestation.

Screening

The screening assay was conducted in a greenhouse, where
plants of 90 different soybean genotypes were individually
placed inside metal cages covered with voile fabric (35cm
in diameter x 55 cm in height) and infested with 50 couples
of B. tabaci MED.

At 21 days after infestation (21 DAI), six leaflets (two
from each third of the plant) were removed for the counting
of the number of eggs and nymphs present on the abax-
ial surface of the leaves, using a stereoscopic microscope
(40x). Subsequently, the leaf area was measured using a LI
3000A leaf area meter (LI-COR Inc., Lincoln, NE, USA) to
determine the number of eggs and nymphs per cm? (Baldin
et al. 2005; Cruz and Baldin 2017). The assay was con-
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Table 1 Mean (+ SE) number of eggs and nymphs per cm? of Bemisia tabaci MED on ninety soybean genotypes and their respective origins

Genotype Eggs/cm? Nymphs/cm? Origin

TMG 1180 RR 2.03+0.17e 0.46+0.03f Tropical Melhoramento & Genética
Ultra BMX 1.25+0.23f 0.64+0.12f Brasmax Genética

TMG 1288 RR 0.86+0.09g 0.67+£0.10f Tropical Melhoramento & Genética
Anta 82 RR 1.25+0.18f 0.72+£0.09f Tropical Melhoramento & Genética
TMG 1182 RR 1.37+£0.12f 0.79+£0.06f Tropical Melhoramento & Genética
TMG 2375 IPRO 0.44+£0.05g 0.88+0.19f Tropical Melhoramento & Genética
BRS 1003 IPRO 0.74+0.16¢ 0.89+0.12f Embrapa

IAC 78-2318 1.44+0.19f 0.90+0.08f Instituto Agrondmico de Campinas/IAC
99R09 0.70+0.13 ¢ 0.91+0.17f Pioneer Seeds

TMG 7262 RR 1.57+0.14e 0.92+0.13f Tropical Melhoramento & Genética
65165 RSF IPRO 1.40£0.15f 0.93+0.03f Brasmax Genética

ST 721 IPRO 0.66+0.10¢g 0.93+0.12f SoyTech

FTS Campo Mourdo RR 0.72+£0.15g 0.97+£0.09f FT Sementes

95R95 IPRO 2.36+0.29d 0.97+0.09f Pioneer Seeds

BRB 15—237.527 1.04+0.05¢g 0.97+0.14f Embrapa

AS 3680 IPRO 1.41+0.19f 1.02+0.08f Agroeste

TMG 2378 IPRO 0.63+0.06¢g 1.05+0.09f Tropical Melhoramento & Genética
IAC 24 1.98+0.14¢ 1.05+0.07f IAC

Dowling (PI 548663) 1.84+0.24¢ 1.08+0.06f USDA (USA)

KS 4202 1.09+0.18f 1.08+0.27f University of Nebraska (USA)

M 8866 IPRO 0.57+0.10¢g 1.14+£0.40f Monsoy

DS 6217 IPRO 1.81+0.25¢ 1.15+£0.35f Brevant Seeds

50152 RSF IPRO 091+0.04¢g 1.15+0.08f Brasmax Genética

TMG 1188 RR 1.16+£0.24f 1.16+£0.12f Tropical Melhoramento & Genética
Conquista 1.62+0.22¢ 1.21+£0.09f Embrapa

BRS 391 1.16+0.19f 1.23+0.18f Embrapa

P98YS51 1.38+0.18f 1.36+0.20e Pioneer Seeds

TMG 2286 IPRO 1.33+0.17f 1.36+0.20e Tropical Melhoramento & Genética
BRS 8381 3.28+0.06¢ 1.36+0.25¢ Embrapa

BRS 539 4.69+0.12b 1.37+0.20e Embrapa

96Y90 RR 0.66+£0.12¢g 1.41+0.19¢ Pioneer Seeds

NS 7901 RR 1.68+0.18¢ 1.52+0.15¢ Nidera Seeds

BMX Poténcia RR 1.25+0.06f 1.52+0.18e Brasmax Genética

ADV 4681 IPRO 0.62+0.06¢ 1.53+0.17e Advanta Seeds

NA 5909 0.99+0.17¢g 1.53+0.22¢ Nidera Seeds

M 5917 IPRO 0.69+0.06 g 1.56+0.14e Monsoy

IAC 17 1.34+0.13f 1.56+0.24¢ IAC

IAC 19 1.33+0.16f 1.56+0.16¢e IAC

TMG 7063 IPRO 1.88+0.22¢ 1.58+0.25¢ Tropical Melhoramento & Genética
TMG 4377 1.30£0.15f 1.59+0.26¢e Tropical Melhoramento & Genética
Desafio RR 1.01£0.07g 1.60+£0.12¢ Brasmax Genética

BMX Bonus IPRO 8579 RSF 1.81+0.30e 1.60+0.16¢e Brasmax Genética

Coodetec 208 2.29+0.16d 1.61+0.18¢ Coodetec

TMG 7067 IPRO 0.99+0.04¢g 1.62+0.28¢ Tropical Melhoramento & Genética
BRS 543 RR 1.04+£0.08¢g 1.67+0.16e Embrapa

TMG 7058 IPRO 1.26+0.24f 1.70£0.09¢ Tropical Melhoramento & Genética
55157 RSF IPRO 3.27+0.13c¢ 1.71£0.33¢ Brasmax Genética

PI 227687 546+0.17a 1.72+0.21e Japan

D75-10169 1.80+0.18¢ 1.78+0.14e IAC

Coodetec 2820 3.36x0.36¢ 1.79+0.22¢ Coodetec
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Table 1 (Continued)

Genotype Eggs/cm? Nymphs/cm? Origin

IAC 23 1.83+0.25¢ 1.86+0.15¢ IAC

TMG 7260 IPRO 2.29+0.17d 1.86+0.25¢ Tropical Melhoramento & Genética
NS 7780 IPRO 1.90£0.14e 1.92+0.19¢ Nidera Seeds

Jackson (PI 548657) 2.61+£0.25d 1.98+0.17¢ USDA (USA)

TMG 7062 IPRO 1.53+0.21f 1.98+0.12¢ Tropical Melhoramento & Genética
IAC 100 2.33+0.17d 2.01+0.30e IAC

TMG 2379 IPRO 1.84+0.15¢ 2.01+0.21e Tropical Melhoramento & Genética
TMG 2383 IPRO 0.99+0.15¢g 2.02+0.30e Tropical Melhoramento & Genética
M 9144 2.58+0.33d 2.03+0.13¢ Monsoy

TMG 7363 RR 0.96+0.11¢g 2.19+0.08d Tropical Melhoramento & Genética
TMG 4182 1.28+0.18f 2.22+0.07d Tropical Melhoramento & Genética
L1-1-01 2.39+0.23d 2.22+0.21d ESALQ/USP

M 5947 IPRO 1.80+0.12¢ 2.24+0.36d Monsoy

BRS 284 1.22+£0.30f 2.32+0.17d Embrapa

BRS 399 RR 1.24+0.07f 2.35+0.14d Embrapa

TMG 7061 IPRO 1.83+0.29¢ 2.43+0.18d Tropical Melhoramento & Genética
TMG 2185 IPRO 3.42+0.28¢ 245+0.34d Tropical Melhoramento & Genética
CZ 48B32 IPRO 1.64+£0.20e 2.46+0.30d Credenz

PI1 274453 1.60+£0.24¢ 2.48+0.18d Japan

TMG 1179 RR 1.59+0.16¢ 2.53+1.31d Tropical Melhoramento & Genética
UX 2569-159 1.70+£0.20e 2.55+0.29d University of Nebraska (USA)

PI 171451 1.32+0.24f 2.59+0.24c¢ Japan

TMG 4185 2.45+£0.24d 2.65+0.31c Tropical Melhoramento & Genética
TMG 2165 IPRO 1.94+0.36e 2.69+0.37c Tropical Melhoramento & Genética
TMG 132 RR 2.26+£0.25d 2.70+0.28¢c Tropical Melhoramento & Genética
CD 2728 IPRO 2.50+0.18d 2.72+0.27c Brevant Seeds

TMG 133 RR 2.26+0.11d 2.74+0.15¢ Tropical Melhoramento & Genética
96R29 IPRO 3.23+£0.20¢ 2.81+0.36¢ Pioneer Seeds

BRS 523 1.39+0.22f 2.89+0.27c Embrapa

IAC 18 1.93+0.26¢ 2.90+0.20c¢ TIAC

TMG 2381 IPRO 2.42+0.19d 2.91+0.28¢c Tropical Melhoramento & Genética
97R50 IPRO 2.14+0.32d 3.03+0.30b Pioneer Seeds

NS 6700 IPRO 1.80+0.19¢ 3.07+0.07b Nidera Seeds

PI 274454 2.78+0.20¢ 3.23+0.19b Japan

TMG 7161 RR 1.23+0.18f 3.25+0.15b Tropical Melhoramento & Genética
NS 7007 IPRO 1.69+0.26¢ 3.31+0.11b Nidera Seeds

PI 229358 1.87+0.35¢ 3.56+0.19b Japan

IAC 74-2832 4.32+0.26b 3.57+0.20b IAC

M 8644 IPRO 1.25+0.17f 3.61+1.66b Monsoy

M 7739 IPRO 523+041a 4.57+0.24a Monsoy

P <0.0001 <0.0001 -

Means followed by the same letter in the column do not differ significantly according to the Scott-Knott test (p > 0.05)

ducted in a completely randomized experimental design  Multiple-choice Assay

with 90 treatments (genotypes) and four replications. At

the end of this bioassay, 35 genotypes were selected and  To assess the preference of B. rabaci MED, pots containing
used in the subsequent experiments.
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plants of each genotype were randomly arranged in a circle
inside metal cages, similar to those described for the rear-
ing. The plants were spaced 15cm apart from each other
to prevent contact between their leaves. Subsequently, the
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whiteflies were released from the ground and at the center,
at a ratio of 50 couples per genotype (Baldin et al. 2005;
Cruz and Baldin 2017). After 24, 48, and 72h from the
infestation, the number of adults present on the abaxial
surface of six leaflets (two from each third of the plant) was
recorded with the aid of a mirror.

At 48 DAL, six leaflets were collected from each plant
to quantify the number of eggs, nymphs and exuviae left
by adults after emergence (emerged adults) present on the
abaxial surface with the aid of a stereoscopic microscope
(40x). After counting, the leaf area was measured to deter-
mine the number of eggs, nymphs, and adults emerged per
cm?. The assay was conducted in a randomized block de-
sign, with 35 treatments (genotypes) and eight replications.
Each cage, containing the pots of all genotypes and insects,
was considered a replicate.

No-choice Assay

This experiment was conducted following the methodology
used in the screening assay. However, the assessments of
the number of eggs, nymphs, and emerged adults from the
plants were performed at 48 DAI. A completely randomized
design was used, with 35 treatments (genotypes) and four
replications.

Trichome Analysis

The density, angle, and length of trichomes were assessed
on leaflets from the middle third of the plants. These as-
sessments were carried out in the central region of each
leaflet, on the right side of the central vein. Trichome den-
sity was quantified by counting the number of trichomes
present in 1cm? of the abaxial side of the leaflets, under
a stereoscopic microscope, with 40x magnification. With
the aid of a Hirox high-resolution stereoscopic microscope
(KH-8700, Hirox), the length and inclination angle in rela-
tion to the 90° angle formed between the trichome and the
leaf surface were measured using the Scandiun software.
A completely randomized design was used, with 35 treat-
ments (genotypes) and eight replications, and each leaflet
was considered a replication.

To obtain detailed images of the trichomes, leaflet sam-
ples were subjected to a JEOL JSM-IT300 LV scanning
electron microscope (Tokyo, Japan) at 20kV, and the im-
ages were digitized (Fig. 2).

Colorimetric Leaf Analysis

The assessment of color parameters was conducted on the
adaxial side of leaflets from the middle third of the plants,
through reflectance in the CIE color space using a Mi-
nolta Color Reader 300 colorimeter, which determines the

L* (luminosity), a* (green color intensity), and b* (yellow
color intensity) parameters. The L* value can range from
0 (black) to 100 (white). The a* value is represented by
positive numbers when the object is red and negative num-
bers when the object is green. The value of b* is positive
when the object is yellow and negative when it is blue. The
assay was carried out in a completely randomized design
with 35 treatments (genotypes) and eight replications, with
each leaflet considered as one replication.

Statistical Analysis

Initially, the normality of residuals and homogeneity of
variances were assessed using the Shapiro-Wilk and Bartlett
tests, respectively. When the assumptions of normality and
homogeneity were accepted, the data were subjected to
analysis of variance, and the means were compared us-
ing the Scott-Knott test (p>0.05). When the assumptions
were not met, a two-step cluster analysis was performed,
starting with the fastclus procedure (PROC FASTCLUS,
SAS) to identify the initial clusters, followed by the clus-
ter procedure (PROC CLUSTER, SAS) using a hierarchical
structure. The fastclus procedure uses Euclidean distances,
where cluster centers are based on least squares estimates
(LSE). In this clustering method, also called the ’k-means’
model, the cluster centers are the means of the observa-
tions assigned to each cluster when the algorithm is run
to complete convergence between the clusters. Each itera-
tion reduces the least squares criterion until convergence is
achieved, and the groups are defined. Clusters were char-
acterized based on analysis of variance and %2 analyses
using cluster variables as outcomes of cluster membership.
Finally, the differences between the variables were verified
through the contrast test between the groups, using general-
ized linear models (PROC GLM-contrast statement, SAS).

Results
Screening

In the preliminary tests, there was a significant difference
between the treatments regarding the number of eggs and
nymphs per cm? after 21 days of infestation (DAI) (Table 1).
Genotypes with lower oviposition rates had fewer than 1.04
eggs per cm?, while genotypes such as PI 227687, M 7739
IPRO, BRS 539, and IAC 74-2832 had higher number of
eggs, ranging from 5.46 to 4.32 eggs per cm?. On the other
hand, 26 genotypes had an average number of nymphs
per cm? lower than 1.23, which significantly differed from
other treatments. The genotypes M 7739 IPRO, M 8644
IPRO, IAC 74-2832, P1 229358, NS 7007 IPRO, TMG 7161
RR, PI 274454, NS 6700 IPRO, and 97R50 IPRO showed
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Fig.1 Mean (+ SE) adult count
of Bemisia tabaci MED per
leaflet across 35 soybean geno-
types after 24, 48, and 72h of
infestation in a free-choice ex-
periment conducted in a green-
house. Means followed by the
same letter do not differ signifi-
cantly from each other using the
Scott-Knott test (p>0.05)

Number of adults per leaflet

. 200 pm 200 pm

200 um

Fig.2 Scanning electron microscopy of trichomes on the abaxial surface of soybean leaflets: a IAC 24, b Dowling, ¢ PI 229358, d TMG 1288
RR, e BRS 1003 IRPO, f FTS Campo Mourao RR, g Ultra BMX, and (H) 99R09. From (a) to (d), genotypes with the lowest trichome density,

from (e) to (h), genotypes with the highest trichome density

greater infestation by nymphs, with numbers varying be-
tween 4.57 to 3.03 nymphs per cm?.

Based on these results, 35 genotypes were selected for
subsequent tests, considering the number of nymphs per
cm? as a selection criterion. Twenty-five genotypes with
fewer nymph infestations (considered more resistant) and
eight with greater infestations (considered more suscepti-
ble) were chosen. Additionally, the genotypes IAC 17 and
IAC 19 were included in subsequent trials due to their his-
tory of resistance to other pests (Canassa et al. 2017; Souza
et al. 2017; Coelho et al. 2020; Ongaratto et al. 2021). The
genotypes M 8866 IPRO and M 8644 IPRO (among the
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least and most infested, respectively) were not used in sub-
sequent trials due to low seed availability.

Multiple-choice Assay

In the choice test, the genotypes KS 4202, TMG 1188 RR,
M 7739 IPRO, 65165 IPRO, and PI 229358 were the least
preferred by adults of B. tabaci MED, with less than 4.68
insects per leaflet (Fig. 1). On the other hand, the genotypes
Ultra BMX, TMG 7161 RR, ST 721 IPRO, IAC 17, TMG
2378 IPRO, IAC 78-2318, NS 6700 IPRO, TMG 7262 RR,
AS 3680 IPRO, and BRS 1003 IPRO attracted the highest
number of insects per leaflet (10.69 to 14.34 insects/leaflet).
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Table2 Mean (= SE) number

of eggs. nymphs and adults Genotype Eggs/cm? Nymphs/cm? Emerged adults/cm?

emerged from Bemisia tabaci TMG 1182 RR 1.09+0.03¢c 1.09+0.05¢ 0.41+0.05¢

MED per cm? in 35 soybean IAC 17 1.31+0.06¢c 1.29+0.10e 2.03+0.18¢

genotypes, after 48 DAL in BRS 1003 IPRO 2.38+0.23b 1.30+0.05¢ 1.19+0.10d

. gr‘iﬁﬁg;sc:‘m assay, 1 Dowling 0.06+0.02d 1.33+0.08¢ 0.95+0.06d
TMG 1188 RR 0.97+0.03¢ 1.35+0.06¢ 0.50+0.05¢
FTS Campo Mourdo RR 0.75+0.04¢ 1.40+0.08¢ 0.62+0.07d
NS 7007 IPRO 0.99+0.04¢ 1.42+0.09¢ 0.46+0.04¢
BRS 391 0.50+0.05¢ 1.53+0.09¢ 0.73+0.08d
95R95 IPRO 1.15+0.15¢ 1.56+0.10e 1.63+0.17¢
KS 4202 0.31+0.02d 1.69+0.10e 1.87+0.12¢
PI 229358 0.11+0.03d 1.71+0.16e 2.11+0.14¢
IAC 24 0.22+0.03d 1.73+0.12¢ 1.64+0.14¢
99R09 0.91+£0.07¢ 1.90+0.19¢ 0.98+0.06d
TMG 1288 RR 1.04+0.09¢ 1.92+0.19¢ 0.85+0.04d
TMG 7161 RR 2.08+0.09b 2.07+0.15¢ 0.80+0.08d
65165 RSF IPRO 2.77+0.24b 2.22+0.19d 0.79+0.11d
TMG 1180 RR 0.51+0.06¢ 2.41+0.16d 0.76£0.06d
PI 274454 1.97+0.11b 2.68+0.11d 3.36+0.19a
DS 6217 IPRO 2.44+0.13b 2.69+0.17d 1.76+0.11¢
M 7739 IPRO 1.46+0.14¢ 2.75+0.14d 0.34+0.03e
50152 RSF IPRO 0.48+0.02¢ 2.80+0.17d 2.09+£0.06¢
AS 3680 IPRO 1.30+0.15¢ 2.89+0.35d 3.20+0.14a
TMG 2375 IPRO 0.43+0.01d 2.96+0.26d 0.93+0.06d
97R50 IPRO 0.66+0.05¢ 3.00+0.29d 1.54+0.11¢
TMG 7262 RR 2.28+0.15b 3.55+0.13d 2.49+0.18b
IAC 19 0.22+0.02d 3.58+0.24d 1.70+0.14¢
Anta 82 RR 0.09+0.02d 3.63+0.25d 1.08+0.06d
NS 6700 IPRO 0.41+0.04d 3.84+0.30d 1.88+0.20¢
Conquista 0.27+£0.04d 3.85+0.27d 1.20+0.07d
TIAC 74-2832 0.93+0.05¢ 429+0.22¢ 3.74+0.21a
BRB 15-237.527 2.05+0.09b 432+2.53¢c 1.55+0.18¢
TIAC 78-2318 1.32+0.11¢ 490+0.21c¢ 1.31+0.13d
Ultra BMX 3.51+£0.24b 5.70+0.19¢ 1.97+0.19¢
TMG 2378 IPRO 5.40+0.49a 7.38+0.32b 1.19+0.12d
ST 721 IPRO 471+£0.32a 9.46+0.67a 3.36+0.17a
P <0.0001 <0.0001 <0.0001

*Means followed by the same letter in the column do not differ significantly by the contrast test (p>0.05)

There were significant differences between treatments for
the number of eggs, nymphs, and adults emerged per cm?
at 48 DAI (Table 2). The lowest oviposition rates were ob-
served in the genotypes Dowling, Anta 82 RR, PI 229358,
IAC 19, IAC 24, Conquista, KS 4202, NS 6700 IPRO, and
TMG 2375 IPRO, with an average equal to or lower than
0.43 eggs/cm?. The genotypes TMG 2378 IPRO and ST 721
IPRO showed the highest averages for oviposition (5.40 and
4.71 eggs/cm?, respectively) and nymph colonization (7.38
and 9.46 nymphs/cm?, respectively). The lowest nymph col-
onization rates were observed in the genotypes TMG 1182
RR, IAC 17, BRS 1003 IPRO, Dowling, TMG 1188 RR,
FTS Campo Mourdao RR, NS 7007 IPRO, BRS 391, 95R95

IPRO, KS 4202, PI 229358, IAC 24, 99R09, TMG 1288
RR, and TMG 7161 RR, with averages ranging from 1.09
to 2.07 nymphs/cm?. Adult emergence was lower (<0.50
emerged adults/cm?) in the genotypes M 7739 IPRO, TMG
1182 RR, NS 7007 IPRO and TMG 1188 RR when com-
pared to the others.

No-choice Assay
The number of eggs/cm? in the 35 soybean genotypes eval-
uated ranged from 0.07 to 1.77 at 48 days after infestation

(DAI) (Table 3). Genotypes IAC 19, TMG 1288 RR, TMG
1182 RR, Conquista, 99R09, Dowling, NS 7007 IPRO,
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Table 3 Mean (+ SE) number

of eggs. nymphs, and emerged Genotype Eggs/cm? Nymphs/cm? Emerged adults/cm?

adults of Bemisia tabaci TMG 1288 RR 0.15+0.02d 1.43+0.20d 0.88+0.11¢

MED per cm? on 35 soybean IAC 19 0.07+£0.03d 1.69+0.25d 1.71+£0.32d

genotypes after 48 DAlinano- 1\ 2375 IPRO 0.33+0.02d 1.98+0.07d 1.16+0.02d

choice assay. in a greenhouse Dowling 0.29+0.04d 2.19+0.41d 2.130.15¢
99R09 0.26+0.03d 2.40+0.30d 1.47+0.19d
IAC 24 0.41+£0.05¢ 2.41+0.16d 1.27+0.17d
DS 6217 IPRO 0.62+0.06¢ 2.52+0.47d 1.48+0.29d
TMG 1182 RR 0.23+£0.04d 2.64+0.06d 1.18+0.17d
Ultra BMX 0.58+0.08¢ 3.10+0.08d 0.99+0.09¢
TIAC 78-2318 0.68+0.08¢c 3.31+£0.26d 2.31+£0.22¢
M 7739 IPRO 0.81+£0.05¢ 3.80+0.59¢ 1.33+£0.09d
TMG 1180 RR 0.73+0.11c¢ 3.80+0.44¢c 1.05+0.07¢
BRS 1003 IPRO 0.67+0.07¢ 3.80+0.35¢ 1.41+£0.15d
TMG 7262 RR 0.69+0.03¢ 4.04+0.34¢c 0.65+0.07¢
BRS 391 0.49+0.04¢ 4.07+0.53¢ 1.63+0.12d
TMG 2378 IPRO 0.73+0.04¢ 4.07+0.36¢ 0.75+0.09¢
TMG 7161 RR 0.73+0.09¢ 4.40+0.26¢ 1.58+0.04d
FTS Campo Mourdo RR 0.80+£0.03¢ 4.42+0.40c 2.02+0.28¢c
BRB 15-237.527 0.59+0.08¢c 4.49+0.35¢ 1.78+0.17d
Conquista 0.24+0.06d 4.54+0.55¢ 221+0.13¢
95R95 IPRO 0.59+0.03¢ 4.55+0.35¢ 1.67+0.08d
97R50 IPRO 0.41+0.07¢ 4.56+0.44c 1.52+0.16d
NS 7007 IPRO 0.31+£0.08d 476+0.21c¢ 1.64+0.33d
IAC 17 0.56+0.06¢ 477+0.45¢ 2.73+0.27b
AS 3680 IPRO 0.47+0.09¢ 4.83+0.24c 1.69+0.14d
Anta 82 RR 0.57+0.08¢ 4.86+0.44c 2.58+0.20b
PI 274454 1.05+0.09b 4.87+0.22¢ 1.54+0.09d
TMG 1188 RR 1.25+0.01b 5.83+0.22b 421+0.35a
65165 RSF IPRO 0.97+£0.09b 6.66+0.57b 1.44+0.01d
TIAC 74-2832 1.69+0.18a 7.07+£0.44b 2.04+0.09¢
KS 4202 1.05+0.07b 7.13+0.68b 2.51+0.37b
ST 721 IPRO 1.77+£0.26 a 7.33+£0.89b 3.19+£0.22b
50152 RSF IPRO 0.97+0.05b 7.51+£0.96b 2.80+0.40b
NS 6700 IPRO 1.64+0.22a 10.10£0.42a 2.73+£0.07b
PI 229358 1.06+0.05b 10.60+£0.68a 3.27+£0.21b
P <0.0001 <0.0001 <0.0001

*Means followed by the same letter in the column do not differ significantly by the contrast test (p>0.05)

and TMG2375 TPRO had the lowest averages (ranging
from 0.07 to 0.33 eggs/cm?). In contrast, NS 6700 IPRO,
[IAC74-2832, and ST 721 IPRO were the most oviposited
genotypes, with an average number of eggs/cm? equal to
or greater than 1.64. The number of nymphs/cm? varied
from 1.43 to 3.31 among the genotypes TMG 1288 RR,
IAC 19, TMG 2375 IPRO, Dowling, 99R09, IAC 24,
DS 6217 IPRO, TMG 1182 RR, Ultra BMX, and IAC
78-2318, which were the least colonized. The most col-
onized genotypes were PI 229358 and NS 6700 IPRO
(10.60 and 10.10 nymphs/cm?, respectively), followed by
50152 RSF IPRO (7.51 nymphs/cm?), ST 721 IPRO (7.33
nymphs/cm?), KS 4202 (7.13 nymphs/cm?), IAC 74-2832
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(7.07 nymphs/cm?), 65165 IPRO (6.66 nymphs/cm?), and
TMG 1188 RR (5.83 nymphs/cm?). Considering the number
of emerged adults/cm?, the lowest averages were obtained
in the genotypes TMG 7262 RR, TMG 2378 IPRO, TMG
1288 RR, Ultra BMX, and TMG 1180 RR. The genotype
TMG 1188 RR presented 4.21 emerged adults/cm?, which
was the highest value among the treatments. KS 4202,
Anta 82 RR, IAC 17, NS 6700 IPRO, 50152 RSF IPRO,
ST 721 IPRO and PI229358 also showed high emergence
of adults and did not differ from each other.
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Table 4 Mean (+ SE) density (cm?), size (um), inclination angle (°) of trichomes and colorimetric parameters (L*, a* e b¥) of 35 soybean genotypes

Genotype Trichome Colorimetric parameters
Density (cm?) @ Length (um) ® Angle of inclina- ~ L*? a¥ @ b* P
tion (°) 2

1AC 24 85.38+6.17¢ 893.37+38.95b 70.56+2.06¢ 38.55+0.07b -12.53+0.29¢ 17.18+£0.38c¢
Dowling 98.63+547¢ 823.50+17.39¢ 72.05+£3.37c 38.83+0.61b -14.91+0.45¢ 22.27+0.26b
PI 229358 114.88+3.61e 1096.32+43.62a  65.44+1.98c 38.98+0.26b -14.61+0.29¢ 20.93+0.48b
TMG 1288 RR 115.50+7.72¢ 710.89+28.07d 67.43+295¢ 37.69+0.36¢ -15.61+0.12b 21.70+£0.28b
Anta 82 RR 135.38+8.23d 996.56+25.38a 77.96+1.64b 42.18+0.20a -16.00+0.09b 24.93+0.17a
PI 274454 139.75+9.26d 812.75+18.72¢ 58.37+2.55d 40.99+0.42a -15.37+0.23¢ 22.04+0.26b
TMG 1182 RR 141.00+£10.72d 821.96+41.88c 66.52+3.34c¢ 36.90+0.17¢ -12.27+0.22¢ 17.99+0.15¢
97R50 IPRO 154.25+9.04d 898.45+30.87b 79.54+2.08b 39.53+0.45b -15.08+0.25¢ 21.14+0.33b
TMG 2375 IPRO 159.88+4.56d 984.30+£38.77a 70.59+1.62¢ 38.25+0.28¢ -13.86+0.17d 19.49+£0.29b
TMG 2378 IPRO 163.00£6.91d 859.10+31.40c¢ 78.55+1.49b 38.19+0.21¢ -13.47+£0.17d 20.04+0.30b
TMG 1188 RR 167.75+8.65d 1025.7+28.99a 62.84+1.61c 41.89+0.22a -16.11+0.24b 25.88+0.62a
IAC 17 170.50+6.42d 971.75+19.18b 55.11+1.59d 39.13+0.27b -13.80+0.13d 20.59+0.31b
AS 3680 IPRO 179.88+9.61c¢ 815.36+32.41c 75.22+1.54b 37.26+0.33¢ -13.41+£0.22d 20.39+0.34b
50152 RSF IPRO 180.63+3.94¢ 1078.76+32.74a  72.51+1.77c 38.78+0.45b -13.87+0.50d 21.17+0.39b
BRS 391 181.38+11.91c¢ 882.18+30.78c¢ 62.96+1.49¢ 38.95+0.50b -13.27+0.29d 20.15+0.39b
Conquista 183.63+10.50¢ 904.74+33.51b 64.05+4.48c¢ 36.93+0.45¢ -11.99+0.32¢ 17.67£041c
65165 RSF IPRO 192.50+£5.45¢ 902.59+40.79b 74.00+£0.87b 39.67+0.28b -15.30+0.08¢ 21.87+0.19b
TMG 1180 RR 210.88+14.65¢ 736.43+£34.32d 66.94+2.28¢ 41.27+£0.28a -16.89+0.15a 23.87+0.39a
KS 4202 213.63+11.49¢ 824.40+22.43¢ 75.63+1.86b 37.08+0.35¢ -12.89+0.28d 18.74+0.39¢
BRB 15-257.324 218.50+7.98¢c 693.93+30.00d 73.08+1.64c 38.02+0.23¢ -14.22+0.13d 19.85+0.23b
IAC 19 221.25+7.80¢c 991.00£17.87a 64.75+1.65¢ 38.77+0.24b -14.67+0.20¢ 21.01+0.37b
TMG 7262 RR 221.50+£11.13¢ 867.15+36.48c¢ 77.59+2.01b 36.24+0.33¢ -12.33+0.24¢ 16.68+0.28c¢
IAC 78-2318 228.00+12.94¢ 795.33+48.65¢ 69.42+2.22¢ 38.14+0.37¢ -13.71+£0.13d 19.74+0.37b
TMG 7161 RR 235.75+10.17¢ 855.16+24.09¢ 64.12+1.49¢ 42.48+0.31a -16.34+0.12a 25.28+0.32a
NS 6700 IPRO 240.63+9.81b 906.92+35.45b 70.66+2.33¢ 39.02+£0.24b -14.15+£0.19d 19.38+£0.40b
95R95 IPRO 241.75£12.24b  929.62+46.00b 86.06+1.19a 40.25+0.32b -15.61£0.16b 2341+042a
ST 721 IPRO 254.50+£9.57b 676.64+£34.41d 67.87+1.03¢ 37.78+0.43¢ -12.70+£0.30d 17.90£0.33¢
DS 6217 IPRO 255.75£11.40b  953.52+69.78b 72.83+1.90c 38.76+£0.25b -13.08+£0.25d 18.95+£0.46¢
M 7739 IPRO 261.50+12.80b 845.30+33.57c¢ 67.78+3.09¢ 37.41+0.52¢ -14.39+0.29¢ 19.35+£0.67b
NS 7007 IPRO 265.88+14.16b  985.53+15.43a 67.50+2.03¢ 39.12+0.24b -14.56+0.17¢ 21.70£0.41b
IAC 74-2832 267.50+13.03b  705.82+17.89d 42.97+1.10e 40.09+0.18b -14.90+0.20¢ 21.33+0.46b
99R09 270.50+8.74b 1028.41+£59.30a  66.46+3.68c 36.33+0.28¢ -12.25+0.28¢ 18.23+0.35¢
Ultra BMX 292.25+7.98b 1063.48+56.02a  67.08+1.61c 38.92+0.41b -13.42+0.23d 19.18+0.41b
FTS Campo Mourdo 331.88+12.89a 793.99+£32.07¢ 56.03+1.19d 39.90+0.49b -15.15+0.34c¢ 23.20+0.32a
BRS 1003 IPRO 349.88+11.86a 939.97+40.51b 69.26+1.39¢ 36.93+0.66¢ -13.99+0.17d 19.15£0.41b
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

4 Means followed by the same letter in the column do not differ significantly by the contrast test (p > 0.05)

5 Means followed by the same letter in the column do not differ significantly by the Scott-Knott test (p>0.05)

Trichome Analysis

The trichome density ranged from 85.38 to 349.88/cm?
among the genotypes. The highest trichome densities were
observed in the genotypes BRS 1003 IPRO and FTS Campo
Mourdo (349.88 and 331.88/cm?, respectively) (Table 4).
IAC 24, Dowling, PI 229358, and TMG 1288 RR exhibited
the lowest trichome means per cm? (Fig. 2), with values
varying from 85.38 to 115.50. Shorter trichomes were ob-
served in the genotypes ST 721 IPRO, BRB 15-257.327,

IAC 74-2832, TMG 1288 RR, and TMG 1180 RR (676.64
to 736.43 um). Whereas the genotypes TMG 2375 IPRO,
NS 7007 IPRO, IAC 19, Anta 82 RR, TMG 1188 RR,
99R09, Ultra BMX, 50152 RSF IPRO, and PI 229358 have
longer trichomes than the other treatments (=984.30 um).
The inclination of the trichomes varied between 42.97 and
86.06°. The inclination of the trichomes varied between
42.97 and 86.06°, with the genotype IAC 74-2832 having
more inclined trichomes compared to 95R95 IPRO, which
had more erect trichomes.
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Table5 Spearman or Pearson® correlation coefficients (r) and probabilities (P) between Bemisia tabaci MED parameters and trichome character-
istics and colorimetric parameters of soybean genotypes

Parameter Coef-  Adults Trichome Colorimetric parameters

ficient Density Length (um) Angle of incli- L* a* b*

nation (°)

Adults r - 0.20 -0.032 0.06 -0.21 -0.25% -0.25

P - 0.0006 0.58* 0.33 0.0003 <0.0001* <0.0001
Number of eggs/cm? r 0.40 0.37 -0.06 0.07 - - -

P <0.0001 <0.0001 0.33 0.23 - - -
Number of nymphs/cm? r 0.38 0.13 -0.01 0.15 - - -

P <0.0001 0.03 0.83 0.01 - - -
Number of emerged r 0.37 0.01 —0.04 0.06 - - -
adults/cm? P <0.0001  0.89 0.46 0.29 - - -
Colorimetric Analysis Discussion

The luminosity (L*) varied between the materials analyzed,
with L* values varying between 36.24 and 42.48 (Table 4).
The genotypes PI 274454, TMG 1180 RR, TMG 1188 RR,
Anta 82 RR and TMG 7161 RR exhibited higher luminosity.
The smallest green color intensities (a*) were observed for
TMG 1180 RR and TMG 7161 RR (-16.89 and -16.34,
respectively), followed by TMG 1188 RR, Anta 82 RR,
TMG1288 RR and 95R95 IPRO. On the other hand, the
genotypes Conquista, 99R09, TMG 1182 RR, TMG 7262
RR and TAC 24 showed higher intensity for this parameter.
The genotypes FTS Campo Mourdo, 95R95 IPRO, TMG
1180 RR, Anta 82 RR, TMG 7161 RR and TMG 1188 RR
expressed greater yellow color intensity (b*) (23.20-25.88),
while TMG 7262 RR, IAC 24, Conquista, ST 721 IPRO,
TMG 1182 RR, 99R09, KS 4202 and DS 6217 IPRO had
the lowest averages for this parameter (ranging from 16.68
to 18.95).

Correlations

According to the calculated coefficients (r), significant cor-
relations were identified among some of the studied inter-
actions (Table 5). A positive correlation was observed be-
tween the number of adults per leaflet and the number of
eggs (r=0.40; P<0.0001), nymphs (r=0.38; P<0.0001),
and emerged adults/cm? (r=0.37; P<0.0001) in the mul-
tiple-choice test. Additionally, the number of adults per
leaflet exhibited a positive correlation with trichome den-
sity (r=0.37; P=0.0006) and a negative correlation with the
color parameters L* (r=-0.21; P<0.0003), a* (r=-0.25;
P<0.0001), and b* (r=-0.25; P<0.0001). Positive correla-
tions were found between the number of eggs (r=0.37; P<
0.0001) and nymphs/cm? (r=0.13; P=0.03) and trichome
density.
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Bemisia tabaci MED was recently introduced in Brazil, and
its occurrence in soybean-producing areas represents a new
threat to this crop (Barbosa et al. 2015; Bello et al. 2021).
The use of resistant plants can help in the management of
this pest. This management strategy is highly effective in
controlling arthropod pests due to its easy adoption, per-
sistence, specificity, cumulative effect, low cost, and com-
patibility with other control methods, in addition to being
less aggressive to the environment and producers (Baldin
et al. 2019). No-choice assays with 90 soybean genotypes
demonstrated different levels of infestation by B. fabaci
MED. The variation in the host plant colonization process
may occur due to the expression of chemical, physical and
morphological factors that may limit the feeding and devel-
opment of arthropod pests (Powell et al. 2006; War et al.
2012).

Preference and colonization by B. tabaci MED were in-
vestigated in multiple-choice and no-choice, using the most
resistant and most susceptible genotypes initially selected in
a screening test. In the multiple-choice test, the genotypes
KS 4202, TMG 1188 RR, M 7739 IPRO, 65165 IPRO, and
PI 229358 were less preferred by B. tabaci MED adults,
revealing possible expression of antixenosis. Host plant se-
lection by insects is a complex process in which visual, ol-
factory, and tactile stimuli are involved. Guided by volatile
compounds or the color of the substrate, for example, in-
sects can be attracted towards the host, starting or not feed-
ing and colonization (Schoonhoven et al. 2005).

In this study, negative correlations were observed be-
tween color parameters (L*, a*, b*) and the preference of
adult insects for soybean genotypes. The genotypes that ex-
pressed lower luminosity (L*) and lower intensity of green
(a*) and yellow (b*) were the most attractive to B. tabaci
MED. Contrasting results were observed in studies with the
cryptic species B. tabaci MEAMI1 regarding the intensity
of green. Bean genotypes that exhibit a higher intensity of
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green color were more attractive to this species (Santos et al.
2020). Similarly, the establishment of MEAMI1 was posi-
tively correlated with higher levels of green in eggplant and
cotton genotypes (Hasanuzzaman et al. 2016; Prado et al.
2016). On the other hand, Santos et al. (2023) observed that
the preference of B. tabaci MED for tomato genotypes was
not correlated with the coloration of the plants.

The genotypes Dowling, PI 229358, KS 4202, and
IAC 24 exhibited low colonization by eggs and nymphs
after 48 DAI in a multiple-choice test. Furthermore, the
genotypes TMG 1182 RR, TAC 17, BRS 1003 IPRO, TMG
1188 RR, FTS Campo Mourao RR, NS 7007 IPRO, BRS
391, 95R95 IPRO, KS 4202, 99R09, TMG 1288 RR, and
TMG 7161 RR also showed a low number of nymphs.
These results suggest a possible expression of resistance
through antixenosis and/or antibiosis in these genotypes. In
addition to the low occurrence of nymphs, the genotypes
TMG 1188 RR and TMG 1288 RR exhibited low emer-
gence of adults, further supporting the hypothesis of the
occurrence of antibiosis.

Morphological and chemical characteristics can have
a significant impact on the colonization process of host
plants by whiteflies (Li et al. 2023). Hairiness, for exam-
ple, is one of the factors related to plant resistance to insects
(Baldin et al. 2017; Santos et al. 2020, 2023). In this study,
it was possible to observe that the high trichome density
in soybean is related to a higher preference for adults of
B. tabaci MED and, consequently, a higher number of
eggs and nymphs/cm?. Similar results were observed for
B. tabaci MEAMLI, indicating that this leaf characteristic
is an important factor for the establishment of different
cryptic species of B. tabaci (Valle Do and Lourenc¢do 2002;
Vieira et al. 2011). In fact, the high density of trichomes
can favor the process of insect colonization in plants, as,
in addition to possibly creating a microclimate favorable to
oviposition, trichomes can assist insects to remain fixed on
plants in unfavorable climatic conditions, such as intense
rain and winds, or even hinder the action of natural ene-
mies (Li et al. 1987; Butter and Vir 1989; Valle Do and
Lourencdo 2002; Vieira et al. 2011).

In the no-choice test, the genotypes TMG 1288 RR,
IAC 19, TMG 2375 IPRO, Dowling, 99R09 and TMG 1182
RR stood out for presenting a low number of eggs and
nymphs. Furthermore, similar to the multiple-choice test,
IAC 24 is among the genotypes with the lowest coloniza-
tion by nymphs in the no-choice test. Based on the assays
conducted in this study, it is noted that some soybean geno-
types allow low or high colonization by B. tabaci MED
in both evaluation conditions (with and without choice),
confirming their susceptibility or expression of antixenosis
and/or antibiosis. This is the case of the genotypes ST 721
IPRO, TAC 742832 and NS 6700 IPRO, which present high
colonization by eggs, nymphs and/or high emergence of

adults, being among the most susceptible genotypes among
the 35 evaluated. On the other hand, the genotypes IAC 24,
IAC 19, Dowling, 99R09, TMG 1182 RR, TMG 1288 RR,
TMG 2375 TPRO generally showed low numbers of in-
sects per cm?, being considered resistant due to antixenosis
and/or antibiosis.

Several studies report the resistance of the genotypes
IAC 24 and IAC 19 to a wide range of insects. For B. fabaci
MEAMI, for example, both genotypes caused a reduction
of more than 50% in adult emergence (Vieira et al. 2016), in
addition, IAC 24 presented low attractiveness and a reduced
number of eggs for this pest (Valle et al. 2012). In other
studies, the expression of resistance by IAC 24 was reported
for Anticarsia gemmatalis (Fugi et al. 2005; Ongaratto et al.
2021). Both genotypes also negatively affected the devel-
opment, larval viability, and pupal weight of A. gemmatalis
(Ongaratto et al. 2021). Other examples are found in the lit-
erature, with results revealing the resistance of the IAC 24
and/or IAC 19 genotypes to Helicoverpa armigera, Dich-
elops melacanthus, Euschistus heros, Piezodorus guildinii,
among other insect pests (Silva et al. 2014; Canassa et al.
2017; Souza et al. 2017; Coelho et al. 2020). Here, IAC 24
and IAC 19 were less preferred or colonized by B. tabaci
MED, corroborating the results obtained in previous stud-
ies.

The genotypes IAC 17, TMG 1188 RR, KS 4202 and
PI 229358 showed different patterns of colonization be-
tween the multiple-choice and no-choice tests. When in-
sects were allowed to choose, these genotypes were less
preferred and/or colonized by B. tabaci MED. However, the
opposite was observed in the no-choice assay, where these
genotypes were revealed as potential hosts for B. rabaci
MED. In order to manage this pest, results such as these
must be taken into consideration, since confinement tri-
als, where there is no opportunity for choice, more closely
represent the real field situation, particularly in large-scale
monoculture areas of the host plant (Baldin et al. 2019).

As expected, positive correlations were observed be-
tween the number of adults per leaflet and the number of
eggs, nymphs, and emerged adults per cm? in the multi-
ple-choice test. However, this pattern was not observed for
the genotype BRS 1003 IPRO. Although this genotype is
among the most preferred by B. tabaci MED, the high num-
ber of adults per leaflet did not result in high colonization
by nymphs after 48 DAI. Results of this type may occur due
to the expression of antibiosis, resulting in greater mortality
of nymphs in this material. The genotype BRS 1003 IPRO
was developed with the Block technology, which, despite
not affecting nymphal development or the survival of stink
bug nymphs and adults, (Oliveira et al. 2022), confers toler-
ance to the attack of these insects on soybean pods, allowing
high productivity even under high infestations of this group
of pests (Lucini et al. 2021; Oliveira et al. 2022). However,
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in the present study, BRS 1003 IPRO showed resistance to
MED due to the possible expression of antibiosis.

The results presented here reveal the resistance of soy-
bean genotypes to Bemisia tabaci MED. Among the geno-
types that showed higher resistance to B. tabaci MED are
99R09, TMG 1182 RR, TMG 1288 RR, and TMG 2375
IPRO, which are commercially available to farmers. These
materials can be integrated into other management strate-
gies in areas where there is a high incidence of Bemisia
tabaci MED, aiding in the maintenance of pest populations
below the economic damage threshold.

Conclusion

The preference and colonization of soybean genotypes by
B. tabaci MED may be attributed to factors such as leaf
color, trichome density, and chemical substances. The geno-
types IAC 24, TAC 19, Dowling, 99R09, TMG 1182 RR,
TMG 1288 RR, TMG 2375 IPRO, and BRS 1003 IPRO
exhibited resistance due to antixenosis and/or antibiosis.
Genotypes that are less preferred and colonized are con-
sidered as sources of resistance and may be useful in ge-
netic breeding programs with the aim of developing vari-
eties more resistant to B. tabaci MED. Cultivars with good
productivity and carrying adequate levels of resistance can
be recommended for planting in areas with infestations of
this insect.

Funding This study was funded by the Coordenagdo de Aperfeicoa-
mento de Pessoal de Nivel Superior—Brasil (CAPES)—Finance Code
001 and CNPq (Process n. 140918/2020-5).

Declarations

Conflict of interest A.P. Santana Lima, E.L. Lopes Baldin, T.L. Braga
dos Santos, A. da Silva Santana, 1. Rubio Cabral, A. Marques Pinheiro,
R. Krause Sakate and A.L. Loureng@o declare that they have no com-
peting interests.

Ethical standards For this article no studies with human participants
or animals were performed by any of the authors.

References

Baldin ELL, Vendramim JD, André E, Lourencdo L (2005) Resisténcia
de gendtipos de tomateiro a mosca-branca Bemisia tabaci (Gen-
nadius) bidtipo B (Hemiptera: Aleyrodidae). Neotrop Entomol
28:435-441

Baldin ELL, Cruz PL, Morando R et al (2017) Characterization of
antixenosis in soybean genotypes to Bemisia tabaci (Hemiptera:
Aleyrodidae) biotype B. J Econ Entomol 110:1869-1876. https://
doi.org/10.1093/jee/tox 143

Baldin ELL, Vendramin JD, Lourencéo AL (2019) Resisténcia de plan-
tas a insetos: Fundamentos e aplica¢des. Fealq, Piracicaba

@ Springer

Barbosa L, Yuki VA, Marubayashi JM et al (2015) First report of Be-
misia tabaci Mediterranean (Q biotype) species in Brazil. Pest
Manag Sci 71:501-504. https://doi.org/10.1002/ps.3909

Bello VH, Watanabe LFM, Santos BR et al (2019) Evidence for
increased efficiency of virus transmission by populations of
Mediterranean species of Bemisia tabaci with high Hamiltonella
prevalence. Phytoparasitica 47:293-300. https://doi.org/10.1007/
$12600-019-00729-y

Bello VH, da Silva FB, Watanabe LFM et al (2021) Detection of Be-
misia tabaci Mediterranean cryptic species on soybean in Sao
Paulo and Parand States (Brazil) and interaction of cowpea mild
mottle virus with whiteflies. Plant Pathol 70:1508-1520. https://
doi.org/10.1111/ppa.13387

Bellows TS, Perring TM, Gill RJ, Headrick DH (1994) Description
of a Species of Bemisia (Homoptera: Aleyrodidae). Ann Entomol
Soc Am 87:195-206

Bielza P, Moreno I, Belando A et al (2018) Spiromesifen and spirote-
tramat resistance in field populations of Bemisia tabaci Genna-
dius in Spain. Pest Manag Sci 75:45-52. https://doi.org/10.1002/
ps.5144

Boykin LM, De Barro PJ (2014) A practical guide to identifying mem-
bers of the Bemisia tabaci species complex: and other morpholog-
ically identical species. Front Ecol Evol 2:1-5. https://doi.org/10.
3389/fevo.2014.00045

Brown JK, Paredes-Montero JR, Stocks IC (2023) The Bemisia tabaci
cryptic (sibling) species group—imperative for a taxonomic re-
assessment. Curr Opin Insect Sci 57:1-8. https://doi.org/10.1016/
j-c0is.2023.101032

Butter NS, Vir BK (1989) Morphological basis of resistance in cotton
to the whitefly Bemisia tabaci. Phytoparasitica 17:251-261

Cameron R, Lang EB, Annan IB et al (2013) Use of fluorescence,
a novel technique to determine reduction in Bemisia tabaci
(Hemiptera: Aleyrodidae) nymph feeding when exposed to
Benevia and other insecticides. J Econ Entomol 106:597-603

Canassa VF, Baldin ELL, Bentivenha JPF et al (2017) Resistance to
Dichelops melacanthus (Hemiptera: Pentatomidae) in soybean
genotypes of different maturity groups. Bragantia 76:257-265.
https://doi.org/10.1590/1678-4499.068

Canassa VF, Baldin ELL, Lourencdo AL et al (2020) Feeding behav-
ior of Brevicoryne brassicae in resistant and susceptible collard
greens genotypes: interactions among morphological and chem-
ical factors. Entomol Exp Appl 168:228-239. https://doi.org/10.
1111/eea.12897

Cantarella H, Quaggio JA, Mattos D Jr. et al (2022) Boletim 100:
Recomendacdes de Adubagdo e Calagem para o Estado de Sao
Paulo. Instituto Agrondmico (IAC), Campinas

Coelho M, Godoy AF, Baptista YA et al (2020) Assessing soybean
genotypes for resistance to Helicoverpa armigera (Lepidoptera:
Noctuidae). J Econ Entomol 113:471-481. https://doi.org/10.
1093/jee/toz269

Cruz PL, Baldin ELL (2017) Performance of Bemisia tabaci biotype B
on soybean genotypes. Neotrop Entomol 46:210-215. https://doi.
org/10.1007/s13744-016-0445-3

Cuthbertson AGS, Viénninen I (2015) The importance of maintaining
protected zone status against Bemisia tabaci. Insects 6:432—441.
https://doi.org/10.3390/insects6020432

Dangelo RAC, Michereff-Filho M, Campos MR et al (2017) Insecti-
cide resistance and control failure likelihood of the whitefly Be-
misia tabaci (MEAM1; B biotype): a Neotropical scenario. Ann
Appl Biol 172:88-99. https://doi.org/10.1111/aab.12404

De Barro PJ, Scott KD, Graham GC et al (2003) Isolation and charac-
terization of microsatellite loci in Bemisia tabaci. Mol Ecol Notes
3:40-43. https://doi.org/10.1046/j.1471-8286

De Barro PJ, Liu SS, Boykin LM, Dinsdale AB (2011) Bemisia tabaci:
a statement of species status. Annu Rev Entomol 56:1-19. https://
doi.org/10.1146/annurev-ento- 112408-085504


https://doi.org/10.1093/jee/tox143
https://doi.org/10.1093/jee/tox143
https://doi.org/10.1002/ps.3909
https://doi.org/10.1007/s12600-019-00729-y
https://doi.org/10.1007/s12600-019-00729-y
https://doi.org/10.1111/ppa.13387
https://doi.org/10.1111/ppa.13387
https://doi.org/10.1002/ps.5144
https://doi.org/10.1002/ps.5144
https://doi.org/10.3389/fevo.2014.00045
https://doi.org/10.3389/fevo.2014.00045
https://doi.org/10.1016/j.cois.2023.101032
https://doi.org/10.1016/j.cois.2023.101032
https://doi.org/10.1590/1678-4499.068
https://doi.org/10.1111/eea.12897
https://doi.org/10.1111/eea.12897
https://doi.org/10.1093/jee/toz269
https://doi.org/10.1093/jee/toz269
https://doi.org/10.1007/s13744-016-0445-3
https://doi.org/10.1007/s13744-016-0445-3
https://doi.org/10.3390/insects6020432
https://doi.org/10.1111/aab.12404
https://doi.org/10.1046/j.1471-8286
https://doi.org/10.1146/annurev-ento-112408-085504
https://doi.org/10.1146/annurev-ento-112408-085504

Influence of Physical and Morphological Factors On the Preference and Colonization of Bemisia Tabaci MED in Soybean Genotypes 459

De Lima Toledo CA, da Ponce FS, Oliveira MD et al (2021) Change in
the physiological and biochemical aspects of tomato caused by in-
festation by cryptic species of Bemisia tabaci MED and MEAMI.
Insects 12:1-13. https://doi.org/10.3390/insects12121105

De Moraes LA, Muller C, de Bueno RCOF et al (2018) Distribution
and phylogenetics of whiteflies and their endosymbiont relation-
ships after the Mediterranean species invasion in Brazil. Sci Rep.
https://doi.org/10.1038/s41598-018-32913-1

DuT, Yin C, Gui L et al (2023) Over-expression of UDP-glycosyltrans-
ferase UGT353G2 confers resistance to neonicotinoids in white-
fly (Bemisia tabaci). Pestic Biochem Physiol 196:1-10. https://
doi.org/10.1016/j.pestbp.2023.105635

Farina A, Barbera AC, Leonardi G et al (2022) Bemisia tabaci
(Hemiptera: Aleyrodidae): What relationships with and mor-
pho-physiological effects on the plants It develops on? Insects
13:1-9. https://doi.org/10.3390/insects 13040351

Fehr WR, Caviness CE (1977) Stages of soybean development special
report 80. IWSRBC

Fugi CGQ, Louren¢do AL, Parra RJP (2005) Biology of Anticarsia
gemmatalis on soybean genotypes with different degrees of resis-
tance to insects. Sci Agric 62:31-35

Gilbertson RL, Batuman O, Webster CG, Adkins S (2015) Role of the
insect supervectors Bemisia tabaci and Frankliniella occidentalis
in the emergence and global spread of plant viruses. Annu Rev
Virol 2:67-93. https://doi.org/10.1146/annurev-virology-031413
-085410

Hasanuzzaman ATM, Islam MN, Zhang Y et al (2016) Leaf morpho-
logical characters can be a factor for intra-varietal preference of
whitefly Bemisia tabaci (Hemiptera: Aleyrodidae) among egg-
plant varieties. PLoS ONE 11:1-15. https://doi.org/10.1371/jour
nal.pone.0153880

He C, Xie W, Yang X et al (2018) Identification of glutathione S-trans-
ferases in Bemisia tabaci (Hemiptera: Aleyrodidae) and evidence
that GSTd7 helps explain the difference in insecticide suscepti-
bility between B. tabaci Middle East-Minor Asia 1 and Mediter-
ranean. Insect Mol Biol 27:22-35. https://doi.org/10.1111/imb.
12337

Hopkinson J, Pumpa S, van Brunschot S et al (2020) Insecticide
resistance status of Bemisia tabaci MEAMI1 (Hemiptera: Aley-
rodidae) in Australian cotton production valleys. Aust Entomol
59:202-214. https://doi.org/10.1111/aen.12436

Horowitz AR, Kontsedalov S, Khasdan V, Ishaaya I (2005) Biotypes
B and Q of Bemisia tabaci and their relevance to neonicoti-
noid and pyriproxyfen resistance. Arch Insect Biochem Physiol
58:216-225. https://doi.org/10.1002/arch.20044

Li D, Li HY, Zhang JR et al (2023) Plant resistance against whitefly
and its engineering. Front Plant Sci 14:1-12. https://doi.org/10.
3389/fpls.2023.1232735

Li ZH, Lammes F, van Lenteren JC et al (1987) The parasite-host rela-
tionship between Encarsia formosa Gahan (Hymenoptera, Aphe-
linidae) and Trialeurodes vaporariorum (Westwood) (Homoptera,
Aleyrodidae): XXV. Influence of leaf structure on the search-
ing activity of Encarsia formosa. J Appl Entomol 104:297-304.
https://doi.org/10.1111/j.1439-0418.1987.tb00528.x

Lourencdo AL, Nagai H (1994) Surtos populacionais de Bemisia tabaci
no estado de Sdo Paulo. Bragantia 53:53-59

Lucini T, Panizzi AR, de Bueno AF (2021) Evaluating resistance of
the soybean block technology cultivars to the Neotropical brown
stink bug, Euschistus heros (F.). J Insect Physiol 131:1-9. https://
doi.org/10.1016/j.jinsphys.2021.104228

Morando R, Da Silva IF, Da Silva Santana A et al (2021) Assessing cot-
ton genotypes for resistance to Aphis gossypii (Hemiptera: Aphi-
didae). J Econ Entomol 114:387-396. https://doi.org/10.1093/jee/
toaa303

Oliveira WP, Lucini T, Panizzi AR (2022) Seed damage by the neotrop-
ical brown stink bug, Euschistus heros (F.) to resistant soybean

cultivars with the block technology versus a susceptible culti-
var. Environ Entomol 51:451-459. https://doi.org/10.1093/ee/
nvac011

Ongaratto S, Silveira CM, Santos MC et al (2021) Resistance of
soybean genotypes to Anticarsia gemmatalis (Lepidoptera: Ere-
bidae): antixenosis and antibiosis characterization. J Econ Ento-
mol 114:2571-2580. https://doi.org/10.1093/jee/toab197

Perring TM, Stansly PA, Liu TX et al (2018) Whiteflies: Biology, ecol-
ogy, and management. In: Wakil W, Perring TM, Brust GE (eds)
Sustainable management of arthropod pests of tomato. Elsevier,
pp 73-110

Powell G, Tosh CR, Hardie J (2006) Host plant selection by aphids:
behavioral, evolutionary, and applied perspectives. Annu Rev
Entomol 51:309-330. https://doi.org/10.1146/annurev.ento.51.
110104.151107

Prado JC, Peiiaflor MFGV, Cia E et al (2016) Resistance of cotton
genotypes with different leaf colour and trichome density to Be-
misia tabaci biotype B. J Appl Entomol 140:405-413. https://doi.
org/10.1111/jen.12274

Ramos RS, Kumar L, Shabani F, Picanco MC (2018) Mapping global
risk levels of Bemisia tabaci in areas of suitability for open field
tomato cultivation under current and future climates. PLoS ONE
13:1-20. https://doi.org/10.1371/journal.pone.0198925

Santos MC, da Silva Santana A, Schulz GP et al (2023) Preference of
Bemisia tabaci MED (Hemiptera: Aleyrodidae) among morpho-
logically and physically distinct tomato genotypes. Phytoparasit-
ica. https://doi.org/10.1007/s12600-023-01100-y

Santos TLB, Baldin ELL, Ribeiro LDP et al (2020) Silverleaf white-
fly-resistant common beans: An investigation of antibiosis and/or
antixenosis. Bragantia 79:62-73. https://doi.org/10.1590/1678-
4499.20190309

Schoonhoven LM, Van Loon JJA, Dicke M (2005) Insect-plant biol-
ogy, 2nd edn. Oxford University Press, New York

Schutze IX, Yamamoto PT, Malaquias JB et al (2022) Correlation-
based network analysis of the influence of Bemisia tabaci feeding
on photosynthesis and foliar sugar and starch composition in soy-
bean. Insects 13:1-14. https://doi.org/10.3390/insects 13010056

Silva JPGF, Baldin ELL, Canassa VF et al (2014) Assessing antixeno-
sis of soybean entries against Piezodorus guildinii (Hemiptera:
Pentatomidae). Arthropod Plant Interact 8:349-359. https://doi.
org/10.1007/s11829-014-9316- 1

Smith CM (2005) Plant resistance to arthropods: molecular and con-
ventional approaches, Smith, C. Michael. Springer, Dordrecht

Souza ES, Canassa VF, Bentivenha JPF et al (2017) Variable lev-
els of resistance of soybean genotypes on the performance of
Euschistus heros (Hemiptera: Pentatomidae). J Econ Entomol
110:2672-2678. https://doi.org/10.1093/jee/tox254

Sun DB, Liu YQ, Qin L et al (2013) Competitive displacement be-
tween two invasive whiteflies: Insecticide application and host
plant effects. Bull Entomol Res 103:344-353. https://doi.org/10.
1017/S0007485312000788

Tay WT, Evans GA, Boykin LM, de Barro PJ (2012) Will the real Be-
misia tabaci please stand up? Plos One 7:1-5. https://doi.org/10.
1371/journal.pone.0050550

Valle Do GE, Lourencdo AL (2002) Resisténcia de gendtipos de soja
a Bemisia tabaci (Genn.) bidtipo B (Hemiptera: Aleyrodidae).
Neotrop Entomol 31:285-295

Valle GE, Lourencdo AL, Pinheiro JB (2012) Adult attractiveness and
oviposition preference of Bemisia tabaci biotype B in soybean
genotypes with different trichome density. J Pest Sci 85:431-442.
https://doi.org/10.1007/s10340-012-0443-0

Vieira SS, Bueno A, Boff M et al (2011) Resistance of soybean geno-
types to Bemisia tabaci (Genn.) biotype B (Hemiptera: Aleyrodi-
dae). Neotrop entomol 40:117-122

Vieira SS, Oliveira RC, Bueno ADF et al (2013) Different timing of
whitefly control and soybean yield. Cien Rural 43:247-253

@ Springer


https://doi.org/10.3390/insects12121105
https://doi.org/10.1038/s41598-018-32913-1
https://doi.org/10.1016/j.pestbp.2023.105635
https://doi.org/10.1016/j.pestbp.2023.105635
https://doi.org/10.3390/insects13040351
https://doi.org/10.1146/annurev-virology-031413-085410
https://doi.org/10.1146/annurev-virology-031413-085410
https://doi.org/10.1371/journal.pone.0153880
https://doi.org/10.1371/journal.pone.0153880
https://doi.org/10.1111/imb.12337
https://doi.org/10.1111/imb.12337
https://doi.org/10.1111/aen.12436
https://doi.org/10.1002/arch.20044
https://doi.org/10.3389/fpls.2023.1232735
https://doi.org/10.3389/fpls.2023.1232735
https://doi.org/10.1111/j.1439-0418.1987.tb00528.x
https://doi.org/10.1016/j.jinsphys.2021.104228
https://doi.org/10.1016/j.jinsphys.2021.104228
https://doi.org/10.1093/jee/toaa303
https://doi.org/10.1093/jee/toaa303
https://doi.org/10.1093/ee/nvac011
https://doi.org/10.1093/ee/nvac011
https://doi.org/10.1093/jee/toab197
https://doi.org/10.1146/annurev.ento.51.110104.151107
https://doi.org/10.1146/annurev.ento.51.110104.151107
https://doi.org/10.1111/jen.12274
https://doi.org/10.1111/jen.12274
https://doi.org/10.1371/journal.pone.0198925
https://doi.org/10.1007/s12600-023-01100-y
https://doi.org/10.1590/1678-4499.20190309
https://doi.org/10.1590/1678-4499.20190309
https://doi.org/10.3390/insects13010056
https://doi.org/10.1007/s11829-014-9316-1
https://doi.org/10.1007/s11829-014-9316-1
https://doi.org/10.1093/jee/tox254
https://doi.org/10.1017/S0007485312000788
https://doi.org/10.1017/S0007485312000788
https://doi.org/10.1371/journal.pone.0050550
https://doi.org/10.1371/journal.pone.0050550
https://doi.org/10.1007/s10340-012-0443-0

460

A. P. Santana Lima et al.

Vieira SS, Lourencdo AL, da Graga JP et al (2016) Biological aspects
of Bemisia tabaci biotype B and the chemical causes of resis-
tance in soybean genotypes. Arthropod Plant Interact 10:525-534.
https://doi.org/10.1007/s11829-016-9458-4

Wang R, Wang J, Zhang J et al (2020) Characterization of flupyrad-
ifurone resistance in the whitefly Bemisia tabaci Mediterranean
(Q biotype). Pest Manag Sci 76:4286-4292. https://doi.org/10.
1002/ps.5995

War AR, Paulraj MG, Ahmad T et al (2012) Mechanisms of plant de-
fense against insect herbivores. Plant Signal Behav 7:1306—-1320.
https://doi.org/10.4161/psb.21663

Zaidi SS-A, Briddon RW, Mansoor S (2017) Engineering dual Be-
gomovirus-Bemisia tabaci resistance in plants. Trends Plant Sci
22:5-6. https://doi.org/10.1016/j.tplants.2016.11.009

Zhou CS, Cao Q, Li GZ, Ma DY (2020) Role of several cytochrome
P450s in the resistance and cross-resistance against imidaclo-

@ Springer

prid and acetamiprid of Bemisia tabaci (Hemiptera: Aleyrodidae)
MEAMI cryptic species in Xinjiang, China. Pestic Biochem
Physiol 163:209-215. https://doi.org/10.1016/j.pestbp.2019.11.0
17

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/s11829-016-9458-4
https://doi.org/10.1002/ps.5995
https://doi.org/10.1002/ps.5995
https://doi.org/10.4161/psb.21663
https://doi.org/10.1016/j.tplants.2016.11.009
https://doi.org/10.1016/j.pestbp.2019.11.017
https://doi.org/10.1016/j.pestbp.2019.11.017

	Influence of Physical and Morphological Factors On the Preference and Colonization of Bemisia Tabaci MED in Soybean Genotypes
	Abstract
	Introduction
	Materials and Methods
	Bemisia Tabaci MED Rearing
	Obtaining Soybean Genotypes
	Screening
	Multiple-choice Assay
	No-choice Assay
	Trichome Analysis
	Colorimetric Leaf Analysis
	Statistical Analysis

	Results
	Screening
	Multiple-choice Assay
	No-choice Assay
	Trichome Analysis
	Colorimetric Analysis
	Correlations

	Discussion
	Conclusion
	References


