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Abstract: This study aims to identify Prostephanus truncatus and Rhizopertha dominica species
and developmental stages using acoustic methods by analyzing the movement sounds of adults
and larvae in peanuts and corn. The acoustic software Cool Edit PRO was employed to analyze
the sound produced by adult and larvae of P. fruncatus and R. dominica as they moved through
peanuts and corn, by a time-frequency domain approach. The number of pulses, the peak of insect
sounds, the peak of frequency and the duration of pulse of their insect sounds were counted and
analyzed to determine characteristic parameters. In peanuts, there were significant differences
respectively in the number of pulses, the peak of insect sounds, and pulse duration between P,
truncatus and R. dominica adults, P. truncatus and R. dominica larvae, P. truncatus adults and
larvae, R. dominica adults and larvae. The result indicated that number of pulses, peak of insect
sounds or pulse duration could distinguish between P. truncatus and R. dominica in each stage. In
corn, there were significant differences respectively in number of pulses and pulse duration
between P. truncatus and R. dominica adults, and there were significant differences in peak of
insect sounds and pulse duration between P. fruncatus and R. dominica larvae. The result indicated
that number of pulses or pulse duration could distinguish between P. truncatus and R. dominica
adults, and peak of insect sounds or pulse duration could distinguish P. truncatus and R. dominica
larvae. Number of pulses, peak of insect sounds and pulse duration were significant differences
respectively between P. truncatus adults and larvae, R. dominica adults and larvae. It indicated
that number of pulses, peak of insect sounds or pulse duration could distinguish the adults and
larvae of P. truncatus, the adults and larvae of R. dominica. Sound parameters, including number
of pulses, peak of insect sounds, and pulse duration, could effectively differentiate between the

species and physiological states of P. truncatus and R. dominica in peanut and corn.
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KA 8 Prostephanus truncatus R4 & Rhyzopertha dominica )& T-#53# H Coleoptera K
@ £} Bostrychidae, J&—28% WA T L, e pl Ao gy de 8 B Rl i 25 3 7 AR R 1) 2
P, FREEAKM  ATHE L ORI IS S AL, PR R B A5 RO CREJBAS RS, 2024).
KB EE T KR ERRMEMK &R Prostephanu, JR7r=r . ALEM, &3 A BT KA B 0 2
RGN SR T L, R AR I HESE R R A 5 A2, AR 22~35°CRIAR KT
J¥ 50%~80% M &4 FHIRERE, WIE G FKERMKERE, FREREESLER Gk
JEMG, 2007). HEJE T KERI B EIE Rhyzopertha, &AL #GH DX i PEAE AR T L. I
AT RS, AMUEFERR. TRERE, KR FARRE R, BUERERE T
B (GREZRSE, 2018), EREXT & FAM IR B EfEE EFHEE, 2021,

T HUR G e il B R R I R N 2 —, B U R A B AT SR, $R LRI
FRAME, HEIT R DLRE RO E B E R, SR FGEERE, Pika k.
W FIRMEE ). AR ARE. TSRS 8) ) SRR IE B Z 7 AR B R EE R &R
1A LA R I O ROR 2 R B S U AR R A SR A A
R AR (Adedeji ef al., 2020; Anukiruthika ef al., 2021). PRI HER KL HE LR H 1) 5
0, ERERGIRALA R, B2 E (R ESE, 2015 L, 2014). Sk
WO EA BT R PREE . M RS2 OS5, (A7 AEAL A& LR AN & —VEA
2 G S5RBEAMES FAEERAENSRNE B (BRI, 2022). LAM6IEEITELL
MRAME . THEGER, (AXHASAIE M E X MR EA R (B ERE, 202D,

S oG 7 AR D7 ¥k ) P P 2 A B e JBCR RN i 98 B BRI B (1 7 2 ok R B B
JERE IR R BT A I 795, 15 AR I 7 VM B 7S 2 7 v I B A 75 3 (R 75 35 s LA 5
O AR BRI E bR MR AR, W AROR AT S AGRA, Bln, ZAR R H
Rhynchophorus ferrugineus(Mankin, 2011) KR Sitophilus oryzae % 14 L (Fleurat-Lessard
etal., 2006; Eliopoulos et al., 2015) {15 =% 5 HITE 1~3.8 k Hz. 2~3 k Hz & LA F\ 1.3~2
k Hz LK, fERE R R 220 70 R IR (Banga et al., 2019; Sutin et al., 2019;
Adedeji et al., 2020 W 5750 K RV #h BEAT 1 %55€ FREUS ) (Mankin ez al.,
201100 BRMEMTE AL, ZTTRE RIS € T KM (Siriwardena e al., 2010; Sutin et al.,
2019). +3E (Mankin et al., 2002; Goerres and Chesmore, 2019). /KEFMFHEZ (Adedeji et

al., 2020; Banlawe and Cruz, 2020) HEHR, KAEEMBEENKER N EELFER



AERFK I R, B AR AN RURI RN, TEAS S8 AR 20 TR ARG T BT I A 75 2 A
FLHR/> (Eliopoulos et al., 2015). [k, AHFFCIESEH T AgM T SOkl i e i B s
(Mankin and Hagstrum, 2011), 383 /5 & {55 U0 5 iE X FEAS [ 5 22 A 0 R S AN 4 3 ik
4y AT 75 B AR R AR I T E AT S & S8 S, H R T 7 2 15 W] LSS IR
AR BN FIR IS E, 5 a7 e i RO AR RO SR

1 MRERE

L1 #R5&%

S 56 i X SR 389 B DM 1 00 R i T AR R B S R, FEIRE N 30°C +
1°C AHXHREE 70% + S%EIER ST 7740 CRIBRRET MO A IR AR ARR. H
FHGERR BRI —ANH, FERKEMR RN 3 @4 H (24 11~13 . HLLT 1§, 2 840
B, O3 R R K, AR TR B, 3 A RS R A, MR Rt A L,
FiA ik e 35 LA TT 32 0 B8 0 At 2 )5 B R ARk HEAT 11 9% i SRR E DR MR E K
i S A G T T S S B B IR U P AT o R PR AR IR, I TR RN 10 kg (1
P BERAE, FRORNGETE . MNICE PUEIER (B D, fE48% Z2%08 35 m WMk 5T,
AL BE % B AR 2 U R 75, WAL A/ SR 40 50 AR e 75 s 4 22 o AU 3K (Njoroge et al., 2016)
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Fig. 1 Schematic diagram of acoustic pest detection system
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KR AP — 2P, 010 ik BB i e, ik H HE3) 30 min 53
AT, Gt AR TR R RIS . RRIC RS 3 min, AMEE 3R, HAE
53, LA TR IZI S SR T SEVERE R, MR E SR SRR R, SR IR E
44 100 Hz. BEJCREIIR B FTHEAT — s B 3 DA R W BR A
1.3 BSUs o

AR SR FH R DR A B AR 46 B U B AR 4 (Discrete fourier transform, DFT) 4R



WE. HSUEEEEEENTRAR ()= [Ol= 0 ()~ REHEK ()=

L= O ;o w R, (REMI, o yEERE. B TR

S (55 (AT BORAE, (85— LB RS x(n), 30470 SEL A 4078 B 1)

MABAR ()= ZD () T . GEERHBURAS SHHTRAE, BI/3E DFT AR ()=
2O

1.4 HAERER

TG HUBF A AR A R RO B A0 B 2-A FrR, i PR AR BB Cool Edit PRO X 3l
7B AT PRV AL B A0 1] 2-B, 8 TE B B T I E i AL SO s E A A% 4 000
Hz. H&BIHZ&-15dB. [ 2-B hEAAR AT (), PR NIRIE (dB), RIL T A&
MR, BT RE SR “wav” K5
1.5 EESHIRN

R EY G SRR S, TRk E S R R a2 a8 A o AR DB I
R B, W R4 E AN BETEARAE AN TR T B il kb BOEAT Git, b KA s 2
BB A R B R 22 5 o SN BRI RR SR IR IS RDEAT Ge it ARB T35 R s 3 — IR
FEEE I [) AR o 3 B X B I P e & HEAT R Ge vt 0 A7, ISRER e A VAR, A0 i KA 8
B &R BB SR

P A R AR AR S I 8] Y SR EE 3 BT AH DG S B e R gt 2 0 4 T o J8 K
PR S B HEAT FET AR H S, #IFR) () A x i, S (Hz) Ay fzhlE e, BT
PSRRI AR A A I B RS S AT B TR O x Bl (Hz), & (dB) Ay fhi:
BT, IR R OIURWEMED, T BT KA BEANA & Kt 5 I R e e A
RIS
1.6 BIESH

S JE UG K00 F Excel id3%, KA SPSS 20.0 X KR BB B 4 BAEfEETE
K &S, LA IEACAE AN K T (0 75 5 SO AT R R 7 25007, IR Tukey
HSD #1753 5 2 EHE M (P<0.05). RAMILFEA ¢ 1856 (Student' s r- test) J5i%E%S 1
FRUGEARE ki, Mk R () AR R 0 (AT 22 e W P BT (P<<0.05).
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PIMOR B EA IS SO0, (A A A B A Cool Edit PRO X3l 75 & HEAT JE UK
KB (75 5 BT B AR — B0 (] 2-BD.
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Fig.2 Peanut and corn without pests sound waveform before and after filtering
e A, JERHT; B, JEWJE. Note: A, Before filtering; B, After filtering.
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Fig.3 Waveforms of Prostephanus truncatus and Rhizopertha dominica motion sound in peanut and corn after
filtering
H: A, RBEMRHR: B, KEELH; C, BEBA; D, BESIH. Note: A, Adults of P. truncatus; B, Larvae
of P. truncatus; C, Adults of R. dominica; D, Larvae of R. dominica.
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Fig. 4 Local waveforms of Prostephanus truncatus and Rhizopertha dominica motion sound in peanut and corn

F: A, KEEME; B, KEESD, C, BEME; D, HE4H. Note: A, Adults of P, truncatus; B, Larvae

of P. truncatus; C, Adults of R. dominica ; D, Larvae of R. dominica.
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Fig. 5 Local spectra of Prostephanus truncatus and Rhizopertha dominica motion sound in peanut and corn
W A, KBERS: B, KBESH: C, BEMh: D, B#E%)H. A, Adults of P truncatus; B, Larvae of
P. truncatus; C, Adults of R. dominica; D, Larvae of R. dominica.
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X R B ANA EAEAE A I I & SHORAT Gt . RS, R E s A

B Eh R TE R P (B 6-A). HEIEME (B 6-B) MIfkphFr&emtE] (K 6-D) AL
ZR7 (P<0.05), KB EHBEAKAE[(312.10 + 9.34)/N>4 8 A S kb 8 (182.40 + 13.77)1],
KRB &AM (-1.74+0.75 dB) >BE MR R AIEE (-5.06+0.20dB) , KA E R
JUBKPRFEEIS ] (33.26 + 1.77 ms) >4 &K RFEEIN [A] (27.43 £3.01 ms) , KA EL)
BRI B4 e AL (B 6-AD B (K 6-B) ik Frgimt i) (B 6-D) F3474E
BEER (P<0.05), KBELEBKHE (49.89 +£4.40 ) >KWEL Rk E (24.89 +3.41
N, KRB EYRBFEIEE (-7.83+0.60 dB) >HES R HFHEIEE (-11.31+1.12dB) ,
KA BEL) HBBK R FFEE IS 1] (20.63 +£2.73 ms) >73&E4h Bk RFEEE] (17.16 £2.73 ms)



U0 P A S b K e P O A ek R S TR KA BN B KR AT X )

MBI, KRR BB BER L (B 6-A) o U IEME (& 6-B) RIfkph#F4:
B (& 6-D) EMFERZFEZER (P<0.05), AERBFILBAE K E (& 6-A). s
{6 (& 6-B) FfkytFaemf Al (B 6-D) ERfFAERZE 2R (P<0.05), H KA EERCR K.
LS U RV R B T3 K T KA B4 e, 3 B e Bk, ol S 06 Rk R 8 ) 329
RTREEY R, B AT LU I Bk B, ol 75 W S 55 A2 IR % K 4 B RS 1) e S AT
X5ye LAk, ST KA BRI BAEAE A IS I & SEOIR IS AT A (B 6-C) , ISR
HRME (H TOVEREAT PN 35 R R A I (X 4
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Fig. 6 Difference of sound parameters produced by the movement of Prostephanus truncatus and Rhizopertha



dominica in peanut

Ve A, BKUR¥G B, HUBERME; C, MIEIE(H; D, BKebERLERT . KO DCP bR IR R R, * RN
M EREE (KR P<0.05; **F/R P<0.01). N [F. Note: A, Number of pulses; B, Peak of insect sounds;
C, Peak of frequency; D, Duration of pulse. Data in the figure are presented as the means + SE and asterisks above
bars indicate statistical differences (* represented P< 0.05; **represented P< 0.01). The same below.
23 RBBEMBEEERPEINESTSHELER

X R B AN BLAE FOK TP IE B I 7 & S HORAT Qv 00T . MRS b, R & Al
B wh RTE R P (B 7-A) Rk ppRESEnS (] (B 7-D) FFEREER (P<0.05), K&
kP UK EL (598.40 +35.94 A) >AB BRIk P (186.70 +18.23 >, KA &L HUIK
MRFEEIT A (33.53 £1.56 ms) >% &k UK RS IA] (27.45+1.86 ms) , B AT DAL
Jik 1 B K e e S N U X 93 KA B B RS B R o KA B4 AN B 4 A el PR A (1
7-B) FfkifRpgEmt (8] (& 7-D) FHFEREZER (P<0.05), KL HRAEIERE (539
+0.58 dB) > &4 RIS (—10.83 £ 1.11 dB) , K45 ZE 4 HUBKpPRE 4L 1] (20.83 +3.45
ms) > E 4 PR RS ] (16.99 +3.42 ms) 5 5 BT LI ik e 75 UG ) B fhk o 4k 458 i 1)
X 7> KA & 4h RN 84 1

MBS, KB BER ARG RER g (B 7-A) « RS IEE (B 7-B) IRk IhRESE
iflE] (B 7-D) EBFFEREER (P<0.05), KAk e KA 2 4h dUtk b4 (60.11
£626ms) , KB EMEBRAEIER (-0.93+0.06dB) >KA LR B FEIEE, KAHEKER
kR S TR)> DR A B 4 H Kb 4R I ) o 45 B R AN )y e ik 8 (I 7-AD L A IE (&
7-B) FfkrRFgkntiE] (B 7-D) EIFFEEREZER (P<0.05), AEBEIKITH>A#4H
krhd (3533 +436 ms) , HESURHFEIERE (-1.24+0.68 dB) >Hadshd A IR(E, &
2 F UK PR R ST (8] > 75 8 4 HUBK P RSB (8], 6 o] DUIE I ok i, s e £ sl Pk v R 5
B TR0 K A4S BE AN B S HEAT X 43 At b RS BB EAE KPS & S 400
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Fig. 7 Difference of sound parameters produced by the movement of Prostephanus truncatus and Rhizopertha
dominica in corn

A A, Bkobd; B, HUEWEE; C, SZIE(E; D, Mkl HrEintE . Note: A, Number of pulses; B, Peak of insect
sounds; C, Peak of frequency; D, Duration of pulse.
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Kz B ARG TE St 5 22 T, AEAEAR R AR U AR T 7E FOK IR U, Ul BHAE
FRFIBE AR S SR . ENKT R A (B 8-D) , KRB E . KRB ES)
B BEBR . BEY R EM TR PEsh kbRt A e gt 2 % 5, HAERAEN |
KR A K RF S I AL AR [, 3 BH 55 o ke e 282 B T AN AT 27 32 1) 5038 T e g

== fKComn L L
* P. truncatus P. truncatus R. dominica R. dominica

800 0 —
; - IU le
600 —T— 10
34 -
£z CE:
=R - =
E g 400 = E 20
&2 & =
£f £S
= =3
&
200 |l‘ 30 * *
. || I -
KA E AR KA a4 H e o [a8 TAEN -40
Adults of Larvae of Adults of Larvae of
P. truncatus P. truncatus R. dominica R. dominica
8000 A
40 == {{4:Peanut
== EXCom
6000 %
T 30
T T Elj=n
o ~ [+ |
~ & 2
B 5 Ee
o i 4000 = é Bl
& 4000r ZE
5 zalEl
ok Mira
=y
2000 10
0
0 - R Ny Py P
KeERE  AABHR | GEAR AR PVl D Vv S Vioed
Adults of Larvae of Adults of Larvae of ults o arvae o ults of arvac of
P. truncatus P. truncatus R. dominica R. dominica P. truncatus  P. truncatus ~ R. dominica  R. dominica

8 RABEMABEAAEMIKAIZIN LN B &SR E

3

Fig. 8 Difference of sound parameters produced by the movement of Prostephanus truncatus and Rhizopertha
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A, kG B, HAEIEE; C, MIFRIEE; D, IKiHF4E0 A . Note: A, Number of pulses; B, Peak of insect
sounds; C, Peak of frequency; D, Duration of pulse.
3 gigEie

F 27 0 B B YSOR R 50 5 B EDURIZ B0 75 5 1 — RS 7 vk o 7 2 B o3 i T A
PR G BAT NRRIE R FIAE B, DA Ik 7 A 00 s TS b B RN 6 5 o KA A
A B P10 P N &y Hh 3] 2 AR A B S A, (LA P R 5 g vt AT W P A DG S AR
Ao PRI, ASHIE TS 1 ) R T8 R RS DUSORT R4S AN Ay &k R R S EAEAE AR A R oK s
B ERATHI . REW RS BB B ETIEE A ESEh, Boh . dus gl
B R R AR )R] DAIX 23 K45 B AN A B R B AN s . AEFOKR g sl s & 280, ks
B R BN ) R DALX 3 KA el R B e e A, o s e ] i Jk b R 2 e ) 7T DAIX 43 K 4%
EMAREL SRR, BRofd, S e BOK R SRR R AT DX ) RS AN A B s Ut
BRI IS 7 2278, AT LSRR Y BN BEAEAE AR AN TR i B R IR %558« bk, 5164
FHEL, FORTEE SRR EANG BN 2 F AT 75 5

FUHAOC T35 JUE S S BT OB T 2RI, TESR G ANE WS b, UL B Callosobruchus
maculatus J§ 2%k E % Callosobruchus chinensis Ji§ 3 ] LB L 75 3% 2 $k 17 40 J 0 %

(Banga et al., 2019). HERA MG EAEFFRE LM SHZER AT LU, KA &R

Mgl RAEAE M F AR B s ) B S8 T A AR, X AT RS EA TR AR R 2 R
Ko KRB PARK AL 10 mm (B JJAVGEAN 5, 1997), BUHESPIAKZ) 3.5 mm (PLIRME,
2007). AESHFIAEKL) 3.5 mm, RACFIEKL) 2.6 mm (B, 2016). fEMREH,
RRSF 15 du >k S MRS 15 Tribolium castaneum Fo/NR (4% 7% i 43 ¥ Cryptolestes
ferrugineus A4 3L E 7 K13 (Hagstrum and Flinn, 1993; Mankin et al., 2011).

SR KA BERNAS BEHEAT 0BT, AT DARITEAL AR AN T K b i BUZ B 1 S & S8 T4
H. JX 5 Njoroge (2017) {E3EH R Acanthoscelides obtectus 1 % ILE: it B Bk i 51 40
hE BAE, 552865 2 5B K 3 Trogoderma variabile F14% BE ¢ 8 Trogoderma
granarium BTN o R0 AT R RO TE BEAT &) BU 75 i, R 4 dUS E
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