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Whiteflies are major pests that damage a wide variety of plants such as tomatoes and cucumbers. Whiteflies
suppress the growth of plants and reduce crop quality by acquisition feeding. Furthermore, they carry various
viruses such as tomato yellow leaf curl virus (TYLCV) and cucurbit chlorotic yellows virus (CCYV). For this
reason, control of whiteflies is an urgent matter for farming. The current control method is spraying
pesticides. However, whiteflies acquire pesticide resistance early because it performs a generation cycle
within one month. For example, Bemisia tabaci (biotype Q) has high resistance to most pesticides. Hence, the
development of a new technology to control whiteflies is required. Focusing on the behavior of whiteflies, it
has been reported that they communicate using leaf substrate-borne vibrations by oscillating their abdomens
in their courtship behavior. Besides, our research group has clarified that their courtship behavior can be
controlled by applying the artificial vibration of 200-1500 (Hz). However, the effective amplitude of artificial
vibration has not been clarified yet. Hence, in this paper, we clarify the vibration sensitivity of whiteflies by
experiments. The experimental condition is as follows. Bemisia tabaci (biotype Q1) (five males and five
females) were released in a rectangular plastic case of approximate size 60x60x100 (mm?). The case has a
hole with a diameter of 41 mm at its top and is covered with perilla leaf. The leaf was vibrated with various
amplitudes (vibrational amplitude: 1.0, 0.6, and 0.3 wm), and the number of courtship behavior was
measured by analyzing video recorded by the camera (FDR-AX45/SONY). The experiment was performed
twice (each is for 1.5 hours) at each amplitude in an anechoic chamber. During this experiment, the
temperature was 27-31 °C, and the humidity was 27-39 %. From experiments, we found that ratio of the
number of mating behavior to that of courtship behavior is small (0 %) when vibration amplitude is 1.0
&micro;m, although that is large (about 30 %) when vibration amplitude is 0.6 &micro;m or less. Hence, we
found that the sufficient amplitude of artificial vibration is about 1.0 &micro;m. This result can be expected to
contribute to the development of novel whitefly control technology.
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ABSTRACT

Whiteflies are major pests that damage a wide variety of plants such as tomatoes and cucumbers. The
current control method is spraying pesticides. However, whiteflies acquire pesticide resistance early
because it performs a generation cycle within one month. Hence, the development of a new
technology to control whiteflies is required. Focusing on the behavior of whiteflies, our research group
clarified that their courtship behavior can be controlled by applying the artificial vibration of 200-1500
(Hz). However, the effective amplitude of artificial vibration has not been clarified yet. Hence, in this
paper, we clarify the vibration sensitivity of whiteflies by experiments. Specifically, Bemisia tabaci
(biotype Q1) were released on a perilla leaf in a rectangular plastic case. The leaf was vibrated with
various amplitudes, and the number of mating behavior was measured by analyzing video recorded.
As a result, we found that the sufficient amplitude of artificial vibration is about 1.0 pm.
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1. INTRODUCTION

Whiteflies (e.g., Bemisia tabaci and Trialeurodes vaporariorum) are major pests that damage a wide
variety of plants such as tomatoes and cucumbers (Azab et al., 1970; Zhang et al., 2005; Martin et al.,
2007). Whiteflies suppress the growth of plants and reduce crop quality by acquisition feeding and
emitting a honeydew to the plants (Matsui, 1992; Nelson, 2008). Furthermore, they carry various
viruses such as tomato yellow leaf curl virus (TYLCV) and cucurbit chlorotic yellows virus (CCYV).
TYLCV and CCYV are one of the most well-known tomato and cucumber infecting begomoviruses
transmitted by Bemisia tabaci, and they cause severe economic loss worldwide (Navot et al., 1991;
Czosnek et al., 1997; Jones, 2003). For this reason, control of whiteflies is an urgent matter for
farming.

To control whiteflies, various tactics —such as physical barriers (e.g., insect screen), chemical controls
and biological controls (Matsuura et al., 2005; Kodandaram, 2018; Nomikou, 2001, 2002, 2010)—
have been considered. Focusing on physical barriers, it has been clarified that an insect screen with
mesh size of 0.4 mm can efficiently reduce the entrance of whiteflies, in exchange for increasing
difficulty regulating temperature of the greenhouse due to limited air flow (Mihara et al., 2005).
Focusing on chemical controls, numbers of chemical pesticides have been proposed, However,
whiteflies quickly develop resistance to chemical pesticides (Wardlow et al., 1972) and Bemisia tabaci
(biotype Q) has high resistance to popular pesticides now (Horowitz et al., 2005). Focusing on
biological controls, Nesidiocoris tenuis and Typhlodromips swirskii have been found to become a
biopesticide of whitefly. However, Nesidiocoris tenuis has a risk to damage the plants (Nakaishi,
2013), and Typhlodromips swirskii is not livable on the plants that discharge sticky secretions such as
tomatoes (Sakamoto, 2012). Hence, current control techniques have both advantages and
disadvantages, and innovative combination of control techniques are necessary to achieve effective
pest management. Furthermore, development of a new technology to control whiteflies can contribute
to broaden pest management.

Focusing on the behavior of whiteflies, Kanmiya (1996) has reported that they communicate using leaf
substrate-borne vibrations by oscillating abdomens in their courtship behavior. Furthermore, the
communication signal of whiteflies has been found to be unique to each species and biotype (Kanmiya
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et al., 2002; Nakabayashi et al., 2017). This means that the communication of whitely play an
important role in mating behavior, considering the fact that hybrid of different species or biotype
remains rare (Matsuura, 2010). Hence, we may control the mating behavior of whiteflies by applying
artificial vibration on the leaf. As preliminary study, we have clarified that their courtship behavior
can be controlled by applying the artificial vibration of 200-1500 (Hz) (Nishijima et al., 2019).
However, the effective amplitude of artificial vibration has not been clarified yet. Hence, in this paper,
we clarify the vibration sensitivity of whiteflies by experiments.

2. MATERIALS AND METHODS

In this study, we put whiteflies on a perilla leaf, vibrate the leaf at specific amplitude, and observe the
behavior of whiteflies. The test was performed in a laboratory with the temperature and humidity of
25-31°C and 27-39%, respectively. We used adult whiteflies (Bemisia tabaci, biotype Q1) of 5 pairs (5
males and 5 females, collected from a colony) for the test. The whiteflies were put on the underside of
a perilla leaf, and the leaf was put on a rectangular plastic case of size 60x60x100 (mm?), as shown in
Figure 1. The leaf was set to cover a hole of the case (diameter: 41 mm) so that the whiteflies can be
monitored from the bottom of the case using a video recorder (FDR-AX45/SONY). Also, a
polypropylene sheet was placed between the leaf and the case to keep the whitefly within a field view
of the camera. To capture the behavior of the whiteflies clearly, the underside of the leaf was
illuminated by a desk light. The leaf was vibrated artificially, and its vibration was monitored by a
laser Doppler vibrometer (LDV) (AT2300 and AT3700, Graphteck). During the test, the leaf was
vibrated artificially (vibrational direction: vertical for surface of leaf), and a behavior of the whiteflies
was monitored for 1.5 hours. The test was conducted by changing the vibrational amplitude
[maximum amplitude of 1.0, 0.6, 0.3 and 0 (um)], and the test was repeated twice at each amplitude.
We then analyze the video and count the number of “mating success” and “mating failure”. Note that
the mating behavior of whiteflies consists of three steps; (1) searching a female, (2) forming a pair
(close contact with female) and (3) mounting (males overlap his hips with hers and shack his wings
rapidly) (Kanmiya, 1998). Hence, we define the following labels could count each occurrence;

(a) Mating success: mounting is clearly observed after pair forming.

(b) Mating failure: mounting is not observed (they get a divorce after pair forming).

(c) Unknown: mounting is not clearly observed after pair forming (e.g., they form a pair continuously.

Figure 2 shows a flowchart to perform labeling from the video, where Np, Ns, Nf, Nu are the number
of pair forming, mating success, mating failure, and unknown, respectively, and “Ratio of Ns”
represents Ns per Np (%).

3. RESULTS AND DISCUSSIONS

The experimental results are shown in Table 1. From the table, we couuld observe pair forming (Np)
in each trial. However, it was found that the ratio of successful mating (ratio of Ns in the table)
becomes 0 when the vibrational amplitude of the leaf is 1.0 um, while the ratio of successful mating
increases 28-35 (%) when the ampltude is 0-0.6 um. This means that the effective amplitude of the
artificial vibration to control the mating behavior of whiteflies is more than 1.0 pm.

Bemisia tabaci Room light
Polypropylene sheet  (biotype Q1) 0 0 %
N

Perillalleaf
Top of platic case

Laboratory Camera Desk light

Figure 1. Overview of experimental system
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Figure 2. Determination method of mating behavior

Table 1. Numbers of pair forming and Mating under various amplitudes

Amplitude Trials Np Ns Nf Nu Rattoo/gg Ns

Opm g 0 0 8 2 0

@® 3 1 1 1 33

0.6 pm o) . 5 3 5 o
® 19 6 12 1 31

03 pm @ 14 5 8 1 35
® 3 1 1 1 30

0 pm @ 6 ) 5 20

4. CONCLUSIONS

Control of whiteflies that cause severe economic loss is an urgent matter for farming. Focusing on the
behavior of whiteflies, our research group clarified that their courtship behavior can be controlled by
applying the artificial vibration of 200-1500 (Hz). However, the effective amplitude of artificial
vibration has not been clarified yet. Hence, in this paper, we clarify the vibration sensitivity of
whiteflies by experiments. The whiteflies (Bemisia tabaci, biotype Q1) of 5 pairs (5 males and 5
females, collected from a colony) were put on the underside of a perilla leaf. Also, the leaf was
vibrated artificially (vibrational direction: vertical for surface of leaf), and a behavior of the whiteflies
was monitored for 1.5 hours. The test was conducted by changing the vibrational amplitude
[maximum amplitude of 1.0, 0.6, 0.3 and 0 (um)], and the test was repeated twice at each amplitude.
As a result, it was found that the ratio of successful mating becomes 0 when the vibrational amplitude
of the leaf is 1.0 um, while the ratio of successful mating increases 28-35 (%) when the ampltude is O-
0.6 um. Hence, the effective amplitude of the artificial vibration to control the mating behavior of
whiteflies is at least 1.0 pm. This result can be expected to contribute to the development of novel
whitefly control technology.
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