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ABSTRACT: Chemical pesticides used as a quick solution for insects control. However, these
pesticides lead to environmental pollution and residues on plants that reduce their safety and exporting
chances, as well as the consequences of wrong use such as non-compliance with the recommended
concentrations or following spraying precautions. Additionally, draft and run off problems in soil,
water and neighboring crops which may meet it’s harvesting time. So, this research aims to use and
test ultrasonic technology as an environmentally friendly and cost-effective method that can be
integrated without conflict with the integrated pest control chain for human safety, safe environment
and agricultural exports flourish. This work proposed to study the influence of ultrasonic sound based
technology on activity of Spodoptera littoralis insects. The experiment was conducted at Faculty of
Agriculture, Zagazig University, Sharkia Governorate, Egypt. The experimental procedure started by
ultrasonic generator testing under spectrums range of 5 to 12.5 kHz which simulated the human ear for
distances range of 2.5 to 40 m. The insects were divided to two groups: the first group was treated by
ultrasonic waves for 3, 6 and 9 hours; the second group was the control treatment. The effect of
ultrasonic on the insects was evaluated by continuously noticing their activity, movement and feeding.
The obtained results showed that, the maximum reduction percentages of feeding rate were 57.5, 51.1
and 51.5% for instars of 4, 5 and 6, respectively. By continued observation, it is observed that, the
insects gathered in a form of groups away from the feeding leaves. The T-test statistical analysis
showed high significant effect of using ultrasonic waves on activity of insects. So, it is recommended
to use ultrasonic as a safe and environmental method for insect control.

Key words: Chemical pesticides, environmental pollution, ultrasonic technology, pest control,
spodoptera littoralis, ultrasonic waves, sound level.

INTRODUCTION Dissathaporn ef al. (2002) indicated that
pesticide residue has been an enormous problem

Although chemical pesticides have been in which restricts the export-oriented production
beneficial in crop protection, relying totally on systems. Therefore, it is of utmost importance to

minimize the pesticide residue problem when
producing vegetables for external markets. Thus,
it is become necessary to promote research
interest of environmentally safe new pest control
methods on insect repellents in agricultural field.

synthetic pesticides has resulted in unintended
and unforeseen problems, not only in developing
insect resistant to insecticides, but also other
problems such as bringing up secondary pest
outbreaks and polluting the OVFzrall environment Hence, recently, research on insect’s repellents
(Jamornmarn, 2000). The increased use of  jncreased steadily. A repellent is defined as a

pesticides for control of crop pests has caused behavioral response to a stimulus (Miller ef al.
health hazards to the consumers. 2009) and the differences between behavioral
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responses can be subjective. Recently, we have
begun to become aware of the term of “Ultrasonic
Pest Repellent”. Vibrational waves of frequencies
above the range audible to the human ear (includes
all frequencies of more than 20 kHz) are generally
referred to as “Ultrasonic”. Because ultrasonic is,
for the most part, of the same nature as audible
sound, the physics of its propagation are similar to
those of audible sound. While ultrasonic waves
behave similarly to audible sound waves, their
very short wavelengths accentuate some of the
basic properties of all sound waves i.e., they are
highly directional at the source and are easily
diffracted. Diffraction effects or reflection effects
are the result of the interaction between the
dimension of the wavelength of the signal and the
dimension of the obstacle. If the wavelength is
smaller than the obstacle, the signal will bounce
off the obstacle and create a sound shadow behind
the object. If the wavelength is larger than the
object, the signal will appear to bend around the
object. Because ultrasonic waves have very short
wavelengths in comparison with audible sounds,
they tend to be easily diffracted and attenuated by
obstacles.

Many reports and studies on the biological
effects of ultrasonic have been investigated to
support claims for the use of frequencies above 20
kHz to control pest populations. The use of
ultrasonic waves to effectively repel, mitigate, or
control populations of insects within structures
has, to this time, still studying .

Jhaveri et al. (2009) verified that, ultrasonic
noise performs insect repellent impact and also a
decrease in the pairing as well as a reproduction of
numerous pests. Aflitto and DeGomez (2015)
proved that, the performance of ultrasonic pest
control gadgets have a perfect, provisional and
fleeting influence on pest populations using
infrasonic and ultrasonic waves system to repellent
the insect which is harmful both for human and
Crops.

The advantinstars of ultrasonic pest repellers
are environmentally friendly and neither contains
any health risk to users nor any chemicals.
Humans cannot hear frequencies of ultrasonic, so
ultrasonic pest repellers do not disturb nearby
users in any way. Therefore, in an attempt to
reduce using of chemical pesticides, this work
proposed to study the influence of ultrasonic

waves based technology on the behavior of
Spodoptera littoralis aiming to use ultrasonic
waves to resist insects using a tested ultra-sonic
generator.

MATERIALS AND METHODS

The experiment was carried out during 2017 at
Faculty of Agriculture, Zagazig University,
Sharkia Governorate, Egypt to study the influence
of ultrasonic waves on activity of Spodoptera
littoralis as an environmental method for insect’s
pest control.

Materials
Ultrasonic generator

An ultrasonic generator (model MO7IN —
Germany industry — Fig. 1) was used to produce
pulsating and aggressive ultrasonic sounds like a
siren which many pests perceive as extremely
unpleasant and, therefore, try to avoid as far as
possible. The frequency of the generator is
adjustable between approximately 8 to 40 kHz
(£15%) by 7marks-adjusting regular switch (A,
B, C, D, E, F and G). The operating voltinstar is
12 VDC (10-13.8 V). Range distance < 40 m
with free field. The generator was powered by a
12 VDC-8 Ah battery.

Spodoptera littoralis

The insects from laboratory of the Plant
Protection Research Institute (PPRI) were
presented in groups of Spodoptera littoralis
larvae at 4™, 5™ and 6™ instars. These instars are
the most severely and daminstard to plants. The
diet was presented from castor plant leaves
(circles with diameter of 5cm and fixed weight

10g).
Digital balance

A digital balance with resolution of 0.01g
was used to weight the castor leaves before and
after each treatment to estimate the larvae feeding.

Methods

The experimental procedure started by
ultrasonic generator testing. So, the ultrasonic
generator was tested at a reverberation room using
sound level meter (Model of B&K 2260 Denmark)
to estimate sound pressure for the 7marks-
adjusting regular switch (A, B, C, D, E, F and G)
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Fig.1. The ultrasonic generator
of ultrasonic generator and estimate the best mark RESULTS AND DISCUSSION

for insects without nosing the human hearing
(ultrasonic waves). The measuring device was set
in five spectrums that simulated human ear at 5,
6.3, 8, 10 and 12.5 kHz. The distances between the
generator and the sound level-measuring device
were 2.5, 5, 10, 20 and 40 m. In addition, the 7-
marks of generator were calibrated in physics
laboratory of Faculty of Sciences, Cairo University
using a digital oscilloscope device (Model of
CA9040/CALTEK up to 40 MHz), and estimated
as; A=5.8kHz, B=6.6kHz, C=10kHz, D=16kHz,
E=25kHz, F=31kHz and G=38kHz.

After that, the obtained results of testing
ultrasonic generator estimated the best marks of
ultrasonic-operating of the generator in the
experiment. Therefore, the experimental procedure
was investigated by marks (E, F and G) of
adjusting regulator of ultrasonic generator.

The larvae of Spodoptera littoralis (4", 5™ and
6" instars) were divided in plastic containers to
two groups: the first group was treated by
ultrasonic waves from the ultrasonic generator
extended to 3 periods (3 hours/period); the second
group was the control treatment (was maintained
far > 40m away to not subject to ultrasonic waves).
The effect of ultrasonic on the insects was
evaluated by continuously noticing their activity,
movement and weight the leaves of castor plant
for the first and the second groups before and after
treatments. The obtained data was statistically
analyzed by Excel program using paired T-test
(according to Snedecor 1970).

The obtained results were discussed under the
following heads:

Sound Pressure of Ultrasonic Generator
for Different Sound Spectrums Frequencies

Fig. 2 showed the results of sound level
pressure in decibel (dB) obtained from testing
ultrasonic generator for distances range of 2.5 to
40 m and sound spectrums range of 5 to12.5 kHz.
Results showed that, the sound pressure decreased
by increasing of frequencies of ultrasonic waves
from generator (by adjusting regulator switch).
Otherwise, the sound pressure decreased by
increasing the distance between the generator and
the measuring device through for all sound
spectrums. From testing procedure it is observed
that, the highest levels frequencies of the used
generator were unheard by the sound Ievel
measuring device which confirms that they non
effective on human thus, using this generator is
safe and environmental.

The results estimated that, the ultrasonic marks
of adjusting regulator of the generator that were E,
F and G. So, those marks were used for insect
control whereas it didn’t generate any sound noise
for all distances except for 2.5 m and it was low
value of only 31-36.8dB. According to (Fausti et
al., 2005), the handle limits of decibels for the
human ear can describes as the maximum safe
exposure time should be 4 hours for a 90 dB sound
and 7.5 minutes for a 120 dB sound). While the
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Fig.2. Sound level pressure of testing the ultrasonic generator for different distances and sound

spectrum frequencies

sonic switch marks (A, B, C and D) causes sound
levels lower than 90 dB. Whereas the mark (A)
causes sound level ranges between 43.7 to 60.1,
41.7 to 72.5, 38.8 to 61.1, 40.2 to 51 and 43.1 to
52.2 dB at sound spectrum frequencies of 5, 6.3, 8,
10 and 12.5 kHz, respectively. The switch mark
(B) causes sound level ranges between 37.7 to 50,

38.3t0 73.2,42.9 to 74.3, 32.7 to 41.9 and 31.1 to
52.5 dB at sound spectrum frequencies of 5, 6.3, 8,
10 and 12.5 kHz, respectively. The switch mark
(C) causes sound level ranges between 30.9 to 41,
30.3 to 44, 31.2 to 61.6, 38.6 to 78.8 and 34 to
65.4 dB at sound spectrum frequencies of 5, 6.3, 8,
10 and 12.5 kHz, respectively. The switch mark



Zagazig J. Agric. Res., Vol. 45 No. (6B) 2018

(D) causes sound level ranges between 30.9 to 42,
30 to 42.3, 30.7 to 34.1, 30.4 to 34.5 and 33.1 to
65.7 dB at sound spectrum frequencies of 5, 6.3, 8,
10 and 12.5 kHz, respectively.

Influence of Ultrasonic Waves on Feeding
of Spodoptera littoralis

The obtained results (Fig. 3) showed the effect
of ultrasonic waves on feeding of Spodoptera
littoralis larvae (in grams for each 100 insects) for
instars of 4", 5" and 6" for three subjected
sequentially periods (3 hours/period). The results
showed decreasing in the feeding rate of insects
that subjected to ultrasonic waves compared to
control for all instars of larvae. The maximum
reduction percentages of feeding rate were 57.5,
51.1 and 51.5% for instars of 4, 5 and 6,
respectively. The average reduction percentages
(at frequencies of 25, 31 and 38 kHz) were (14.2,

2437

35.8 and 39.2%); (9.9, 31.2 and 41.1%); and (34.3,
46 and 223%) for 4", 5™ and 6" instars,
respectively. By continued observation, with
increasing time of treatment, it observed that, some
insects failed alienation and dead at the last day of
instar (see Fig. 4). It was also noticed that, the
insects had tried to far out from the container and
and gathered in a form of groups away from the
feeding leaves with slow motion. The statistical
analysis confirmed that, it was be a significant
difference between the insects treated by ultrasonic
and the insects didn’t treated. Whereas, the
variance of feeding amount of insects in case of
using ultrasonic compared to control treatments
using paired T-test is noticed. As a result, Excel
calculates the correct P value (P(T<=t) two-tail),
which is 6.354E-07< 0y;. Therefore, it can be
concluded that, the obtained results gave an
indicator to the positive effect of ultrasonic waves
on the insect’s activity.
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Fig. 3. The effect of ultrasonic waves on feeding insects

Fig. 4. The effect of ultrasonic waves on insect’s activity; A) Failed alienation and death of
insects B) Troubling of ultrasonic waves of insects by trying stay away and escaping
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Conclusion prevention and hearing conservation practices.
Based on the obtained results above in this J. Rehabilitation Res. and Dev., 42 (4): 45-62.
study, it is recommended to use ultrasonic Jamornmarn, S. (2000). Social and environmental
waves for insect control as an effective, safe and implications of plant protection methods.
environmental method. Whereas there was a Report of the APO Seminar on Integrated Pest
good effect of ultrasonic on the insects showed Maninstarment; 1998 Apr 20-24; Bangkok.

on their activity, movement and feeding. The

T-test statistical analysis confirmed that. Thailand, 30-33.

Jhaveri, S., R. Singh and T. Hiremani (2009).

REFERENCES Electronic Pest Repellent. www.ee.iitb.ac.in,
) . 2009.[Online].Available:www.ee.iitb.ac.in/uma
Aflitto, N. and T. DeGomez (2015). Sonic Pest J~wel/wel45/public_html/edl09s/b01.pdf.

Repellents. Arizona Cooperative Ext. Univ., 1-4.
Miller, J.R., P.Y. Siegert, F.A. Amimo and E.D.

Walker (2009). Designation of chemical in
terms of the locomotor responses they elicit

Dissathaporn, O., T. Sathapornvorasak and J.
Jomthaisong (2002). Production of pesticide
free vegetables (in Thai). Department of

Agricultural Extension, Ministry of Agriculture from insects: an update of Dethier et al. (1960).
and Cooperatives, Bangkok, Thailand, 122. Ecol Behav., 102:2056-2060.

Fausti, S.A., D.J. Wilmington, P.V. Helt, W.J. Helt Snedecor, G.W. (1970). Statistical Method
and D. Konrad-Martin (2005). Hearing health Applied to Experiments in Agriculture and
and care: The need for improved hearing loss Biology. Iowa State Press, USA, 534.

Spodoptera littoralis (B8 (&9 3353 4xibaY) cliual) o dmacdl (398 il gall il A

Tl gl e $ 38 laaa \‘ri'n..\ami‘fﬁ,\ah@
\454_'9.“ il S Saal i deana

e — (Sl - dae ] ) Gl K je — e )l Aunigll &gan dgas -
e - G Raala - Aoy 3N A - e 3l g and Y
a3 3830 s < Aoy S - il B35 kY

&9l (e laaall 02 s Lay A3 e (K15 Y (g aldill gy JaS 4 el lanaall pladind ¢ 5o ) all Sl
A3 Aot ) ) (e S e )5l 3 Lol 5 m 8 (s il G S il e s o i
538 (o 2l (s IS Bl Lgs amsal) ALY gLl L - amall 3 501 oyl 33Y1 1S LA
AT casloas iy aa il 20 g el 3 38 il 55 shaal) Jaalanall 5 2l (s _laall 1 ol a5 i il il 31 o
8 a5 il Aiptm A S (L) 5 5583 52 Al Al 5 98 gl Al L) 5 Sl ) Candl 134 gy
Capalall 3]s Al 5 Gl At il AldSia il dadSe Al aa a5 L)yl (S il 5 il
u.ks“ QJJSJJJB_)J;&_}UJ:}LM‘_AGW\ dﬁu\;ﬂ\@ﬁe\m! ﬁﬁ&w\)&é&;ﬂ\u& d.gs;ﬂj 62:\‘2\)‘)“
e_u"_tjx; ¢ yaaa ¢ 48 3 Andlaa ¢ Gl dxdla AL\JJ\LEJA\&A‘;L);J\ Q:‘ﬁ’i) ‘(Spodoptera littoralis)
€05 Y,0 (sl B il Fim IS VY0 50 G ol i A sl GO (520 (8 dmand (35 Cla sall A 5a LA
G558 oa sally Lgilalaa o3 5W1 e sanddl (e sema (T 50 ¢f Jual) 6 il il jiall Cle sane sl o o sia
(a:\:\sj(a_'i e (398 s ga (g9 A0l Al pe S A Ao gendl) c('éﬂ/&\.cb»*)@tﬂq&\ﬂ&m Aomaudl
C_L"ul\Q)@\Jce@MJWJJJe@SPJ&EMoMH\L;M\d%w&\)@\é&w\dﬁuhﬂ\_)..ﬂﬁ
e 150§ Ja¥ 9%0),0 503,) oV, Al Cl¥aaa 8 paladil s el Jsaa g Lede Jaaniall
LaSca_J.Aﬂ]\ébJ\O.c\Aﬂghm&bwe&ﬁﬂdﬁjﬁjh}rc"BM\E\_E;M\JMQ.A_"#J:\H
Jnt_;:.sw\;w\gﬁg@ﬂ\e\myh?gﬁugﬁjﬁ;mOYTJ\_;,';\e\mu_ ean ) Jalill ki
A piall V) An Sl A 5 Aial 5 Alnd A oS Lmand] (358 il sl waid Al ol o el eyl

£ :O 3 \
Bl daals Aol 30 S ¢ il Aol duiel 35f peal dana gl Jlaa L2 -
N Raala —Ael U IS ¢ il Ao 1 Anigl) A JUEY (!l S dana 3, - Y



