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feeding on peanuts and corn were analyzed to develop a way of using acoustic methods to identify the species and
developmental stage of these pests in bulk stored peanuts and corn. [Methods] The acoustic software Cool Edit PRO was
used to perform time-frequency domain analysis on the sounds produced by adults and larvae of two species while feeding on
peanuts and corn. Statistical analysis was performed on characteristic acoustic parameters of insect sounds in the
time-frequency domain, including the peak sounds, number of pulses, and the peak frequencies, to determine key identifying
features. [Results] There were significant differences in the peak sounds of adult of T. granarium and T. variabile (P<0.05).
Significant differences in the number of pulses produced by the larvae of T. granarium and T. variabile (P<0.05). Significant
differences between adults and larvae in sound peak and number of pulses (P<0.05). When feeding on corn, there were
significant differences in the peak sounds and peak frequencies of adult of T. granarium and T. variabile (P<0.05). Significant
differences in the number of pulses produced by the larvae of T. granarium and T. variabile (P<0.05). Significant differences
between adults and larvae in peak sounds and number of pulses (P<0.05). [Conclusion] In the sounds of the two Trogoderm
feeding on peanut, The peak sounds of adult T. granarium[( - 11.33+0.69) dB]>T. variabile adult[( - 13.37+1.06) dB]. The
number of pulses of T. granarium larvae (21.40+3.37)<T. variabile larvae (27.40+1.63). The peak sounds and number of pulses
(5.60£0.60) of adult T. granarium<the peak sounds[( - 6.85+0.51) dB] and number of pulses of larvae. The peak sounds and
number of pulses[2.20+0.59] of adult T. variabile<the peak sounds[( - 4.96+0.39) dB] and number of pulses of larvae. This
indicates that the species and stages of the two Trogoderm can be distinguished by peak sounds or number of pulses. In the two
Trogoderm feeding on corn, the peak sounds[( - 23.44+1.80) dB] and frequency peak[(4 451.50+165.34) Hz] of adult T.
granarium<the peak asounds[( - 18.02+0.70) dB] and frequency peak [(4 857.50+176.36) Hz] of adult T. variabile. The
number of pulses of T. granarium larvae (16.20+1.16)<T. variabile larvae (23.60+2.41). The peak sounds and number of
pulses[(1.75+£0.19)] of adult T. granarium<the peak sounds[( - 7.68+0.65) dB] and number of pulses of larvae. The peak
sounds and number of pulses (1.60+0.65) of adult T. variabile<the peak sounds [( - 7.24+0.66) dB] and number of pulses of
larvae. This indicates that the species and stages of the two Trogoderm can be distinguished by peak sounds and number of
pulses, and the species of the two adult Trogoderm can be distinguished by frequency peak.
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Fig.1 Schematic diagram of acoustic insect detection system
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Fig. 3 Waveforms of Trogoderma granarium and Trogoderma variabile feeding
sound in peanut and corn after filtering
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A. Adults of T. granarium; B. Larvae of T. granarium; C. Adults of T. variabile; D. Larvae of T. variabile.
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Fig. 4 Spectrum of Trogoderma granarium and Trogoderma variabile feeding
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Tablel Sound parameters of Trogoderma granarium and Trogoderma variabile feeding on peanut

M (S (dB)

BRI (Hz)

Experir;fegr(lﬂ;aﬁé i&i men Peak of insect N’iﬁf;? of‘ g:JI)ses Peak of frequency
sounds (dB) (H2)
AP 8 B Adults of T. granarium - 11.33+0.69 c 5.60+0.60 b 5433.24+105.55 a
BB #EA Larvae of T. granarium - 6.85+0.51 a 21.40+3.37 ¢ 5511.60+104.88 a
A BE R T R Adults of T. variabile - 13.37£1.06 b 2.20+0.59 b 5097.10+£272.99 a
FEPEN 2540 . Larvae of T. variabile - 4.96+0.39 a 27.40+1.63 a 5536.65+176.52 a
XTI CK - 34.81+0.55d — —

R bR R, FIAT B S AR R TR R 22 5 B3 (P<0.05, BRI 208 ) o TR,

Data in the table are meantSE, and followed by different letters in the same row indicate significant difference (P<0.05,

One-way ANOVA). The same below.
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Table2 Sound parameters of Trogoderma granarium and Trogoderma variabile feeding on corn

TR T (dB) Jik gl (A4>) BRI (Hz)
Experimental specimen Peak of insect sounds (dB) Number of pulses Peak of frequency (Hz)
A BE R 22 AUR Adults of T. granarium - 23.44+1.80¢ 1.75£0.19b 4 451.50+165.34 c
BB w4 H Larvae of T. granarium - 7.68+0.65 a 16.20+1.16 ¢ 5024.79+63.29 a
AEBE 7 % AR Adults of T. variabile - 18.02+0.70 b 1.60+0.65 b 4 857.50+£176.36 a
LB 2L 4 R Larvae of T. variabile - 7.24+0.66 a 23.60+2.41 a 5098.26+100.52 a
XTI CK - 38.03+1.23d — —
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Fig. 5 Difference of insect sound peak value of Trogoderma granarium and
Trogoder ma variabile feeding on peanut and corn
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Datain the figure are meanstSE, ns indicates no significant difference, and asterisks indicate statistically significant
difference (* P<0.05, ** P<0.01, Student’s t- test). The same bel ow.
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IR A6 A M K B R U {E I 2 3 o 22 R
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PURRAS B 2 2 FIAEBE R 2 4 BB 2R
MEKRBIFEESEOI, I A B A A
FS, HRRRGAIERE R, ML NH
EWRMATSHE S TUEANFEME
HAEESR, YA Il AR A BT R
& FIAEPE R B 75 205 o

3 #HitHitit

A R 3 T R R B B A A s
Bl B I W s o 7R B SR S AT R AR
AT O BATNRHIE AT S S, DA e LA
FIHZ (Neethirgjan et al., 2007 ) . JaE 2 EA
1RZBVERYAEHLE By, (B XA M R E RT3
ARD o PR, ASSCAT o) B 5 e DAL S
il 7 AR EE B B AR K B L 4l AR AR R OK
A &, XTI A S = RS T TR
I o KIRFEAT BE S 2 FIACBE Bz &k BB AL 175 &
SHp, I (R AT DLIX 43 2 F 2 R
PR, s Bk BT LUK 4 2 Fi oz 25 4l AL A
25, JE AT A WE(E B DK P EORT LUK 3 2 o a
HAS . R BE R 2 AL BE Y IS FoR I & 5
b, dEak HPS IR B AR (R AT DL IX ) 2 B
BRI FR S, S A K PO LUK 43 2 T a4
M, ik R IR | ki S o R 0 ]
DA 5345 B 17 2 9 A 3 et A s e i Ik i
AT DA AR BE i i S o DRI, H 7 (R ik
AT IR R X 4 2 Ff e 2 AP 2SR U R AR AR
SR AN, SERMI, AEESVE A
B 5 AL BE K7 2 10 25 BB AT P 22T o

R T B A A i E o8 kIR, eS¢k
AR G, POar G4 L Callosobruchus
maculatus FlZ¢ 5.4 i, 4 C. chinensis 1] L4 i 7
TSI T4 (Bangaet al., 2019) . L
AR B 2 LB AR AR B LS5
SEAT LRI, A BB B 4 AR AE AR R OR i
FRUEAE | KRB L O AR A # I T AR B 2% 40
M, XATRE S EMIMERRIZ A 6, BB E 3
W4 BOF B A K 4.0-6.7 mm, TR K
1.8-3.0 mm ( £, 2009 ) . LT 2 3 iE4h it
SRR 6-9 mm, i HCSEI R K 2.4-4.5 mm (X

WRoRAE, 2008) o FEAT, KRIGTHRYE Hank
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HE RS KM S (Hagstrum and Flinn, 1993;
Mankinetal., 2011) . XL &L 3 4 i IF e 5
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etal.,, 2016) . X5 Njoroge % (2017 ) 7835
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FlvF = 0B T AT AL, AEA: AR R A RS R
) e 2 T K, X 2 RPN T R AR 4 BE
B & FACBE B & 0 41 Bt ( Levinson et al.,
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