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Abstract: Light trapping is an environmentally friendly pest insect monitoring method. Deeply
understanding the influence of different wavelengths and light intensities of light source on the phototaxis of

stored grain insects is very helpful for improving light trapping effectiveness. Thus, the phototaxis of adults
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of Sitophilus oryzae (Linnaeus) (Coleoptera: Curculionidae), Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae), Lasioderma serricorne (F.) (Coleoptera: Ptinidae), Cryptolestes ferrugineus (Stephens)
(Coleoptera: Laemophloeidae), Tribolium confusum (Jacquelin du Val) (Coleoptera: Tenebrionidae) and
Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae) to LED lights of different wavelengths and
intensities were investigated in laboratory, respectively. The results showed that S. oryzae adults had the
highest phototactic ratio (81.11%) to LED lights with a wavelength of 590 nm and a light intensity of 170 Ix.
T. castaneum adults had the highest phototactic ratio (92.22%) to LED lights with a wavelength of 520 nm
and a light intensity of 120 Ix. L. serricorne adults had the highest phototactic ratio (77.78%) to LED lights
with a wavelength of 460 nm and a light intensity of 170 Ix. C. ferrugineus adults had the highest phototactic
ratio (93.33%) to LED lights with a wavelength of 365 nm. T. confusum adults had the highest phototactic
ratio (84.44%) to LED lights with a wavelength of 460 nm and a light intensity of 120 Ix, and S. zeamais
adults showed the highest phototactic ratio (88.89%) to LED lights with a wavelength of 365 nm. These
results have reference value for effectively designing integrated pest management (IPM) strategies utilizing
the phototaxis of stored grain insects.

Key words: stored grain insects; phototropic behavior; LED lights; phototropic devices; wavelength;
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Fig. 1 Phototactic behavior response device for pest insects
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Table 1 Phototactic ratio of S. oryzae adults to LED lights with different wavelengths after different exposure times %
P /mm 15/min 30/min 60/min 90/min
Xf iR 36.67+1.93Db 42.22+1.11Da 43.33+£0.00Da 43.33+£0.00Fa
365 56.67+1.93Ac 62.22+1.11Bbc 65.55+2.22Bb 72.22+1.11BCa
395 27.78+1.11Fd 38.89+1.11Dc¢ 52.22+2.22Cb 64.44+2.94CDa
420 45.55+2.22BCb 53.33+1.93Cb 55.56+1.11Ca 61.11+4.84DEa
460 38.89+2.94CDb 40.00+1.92Db 43.33+0.00Da 53.33+1.93Ea
520 50.00+1.92ABd 61.11+1.11Bc 67.78+1.11Bb 73.33+1.93Ba
590 51.11£2.94ABc 66.67+1.93Ab 77.78+2.94Aa 84.44+2.94Aa
620 37.78+2.94Dd 48.89+2.22Cc 62.22+1.11Bb 71.11+1.11BCa

T Bl PR ER DR F—ATAR/NEFRRRER B (P<0.05); F—JIARKEFRRRERBH (P<0.05). T
A,

Note: The data in the table are mean values + standard errors. Data followed by different lowercase letters in each row, and data
followed by different capital letters in each column indicated significant difference (P< 0.05). The same as below.

R 2 AFEIALIRETE]E R KA X A ESE BRSRE S 590 nm LED StiRM#E %
Table 2 Phototactic ratio of S. oryzae adults to LED lights with a wavelength of 590 nm at various light

intensities after different exposure times

%

S /1x 15/min 30/min 60/min 90/min
X 1R 36.67+1.93Cb 53.33+3.33BCa 54.4442.94Da 57.78+1.11Ca
20 50.00+1.92ABc¢ 60.00+1.92ABb 63.33+1.93BCab 66.67+1.93BCa
70 48.89+1.11ABb 55.55+4.01BCb 67.78+2.22Ba 67.78+1.11Ba
120 48.89+2.94ABc 62.22+2.22ABb 70.00+1.92Bab 74.45+4.01ABa
170 55.00+2.89Ab 66.67+3.85Ab 77.78+2.94Aa 81.11+2.94Aa
220 44.44+2.94Bb 45.55+£2.22Cb 56.67+1.93CDa 57.78+2.94Ca
x3 AEAEREERUSEZHBENARERK LED StiRHE R
Table 3 Phototactic ratio of 7. castaneum adults to LED lights with different wavelengths after different exposure times %
K /nm 15/min 30/min 60/min 90/min
PO 33.33+1.93BCc 36.67+1.93CDEbc 43.33+£3.85CDb 51.11+1.11Da
365 40.00+5.77ABb 45.56+5.56BCab 51.11+2.94ABCab 58.89+1.11Ca
395 46.67+3.85Ab 50.00+1.92ABb 58.89+1.11Aa 65.56+1.11Ba
420 21.11£2.94Cc 32.22+2.22Eb 35.56+1.11Dab 38.89+1.11Ea
460 35.56+1.11Bc 55.55+2.22Ab 60.00+1.92Ab 66.67+1.93Ba
520 41.11£1.11ABb 43.33£1.93BCDb 56.22+8.22ABb 72.2242.94Aa
590 17.78+1.11Cc 30.00+3.85Eb 46.67+1.93BCDa 51.11+1.11Da
620 33.33+1.93BCc 34.45+2.22DEc 53.33+1.93ABCb 60.00+£1.92Ca

R4 FEAEEE GRS EBETAESREER 520 nm LED SEREHEE

Table 4 Phototactic ratio of 7. castaneum adults to LED lights with a wavelength of 520 nm at various light

intensities after different exposure times

%

SR /1x 15/min 30/min 60/min 90/min
PO 38.89+2.22Eb 42.22+1.11Db 53.33+1.93Ca 56.67+1.93Ca
20 48.89+2.22Db 56.67+1.93Cb 65.56+2.94BCa 72.22+2.94Ba
70 54.44+2.94CDb 65.55+4.01Bab 75.56+4.84Ba 76.67+3.85Ba
120 73.33+1.93Ac 80.00+1.92Abc 85.55+4.01Aab 92.22+1.11Aa
170 61.11+1.11BCb 65.55+2.22Bb 74.44+2 94Ba 76.67+1.93Ba
220 66.67+1.93Bc 72.22+1.11Bb 76.67+1.93ABab 77.78+1.11Ba
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Table S Phototactic ratio of L. serricorne adults to LED lights with different wavelengths after various exposure times %
P /nm 15/min 30/min 60/min 90/min
X IR 31.11£1.11Cc 36.67+1.93BCb 46.67+1.93BCa 47.78<1.11Ca
365 28.89+1.11Cb 31.11x1.11Cb 43.33£1.93CDa 45.55+2.22Ca
395 36.67+£1.93Bc 46.67+1.93Abc 50.00+1.92ABab 53.33+1.93Ba
420 33.33+1.93BCc 35.56+1.11BCbc 38.89+1.11DEb 44.33+1.17Ca
460 44.44+1.11Ac 46.67£1.93Ab 52.22+2.22Ab 66.67+1.93Aa
520 16.67+£1.93Db 22.22+42.94Dab 23.33£1.93Fab 27.78+1.11Ea
590 31.11£1.11Cc 38.89+1.11Bb 42.22+1.11CDab 43.33£1.93Ca
620 30.00+1.92Ca 33.33+1.93BCa 33.33+1.93Ea 36.67+1.93Da
F 6 A[EALIEAT B EHE E R A R AR R 3B EHY 460 nm LED SR 2
Table 6 Phototactic ratio of L. serricorne adults to LED lights with a wavelength of 460 nm at various
light intensities after different exposure times %
S /1x 15/min 30/min 60/min 90/min
Xt B 34.44+2.94Cb 41.11+1.11Bab 46.67+1.93Ca 46.67£1.93Ca
20 35.56+2.94Cb 41.11£1.11Bb 47.78+2.22Ca 50.00+0.00Ca
70 35.56+2.94Cc 42.22+1.11Bbc 47.78+1.11Cab 52.2242.22Ca
120 45.56+2.94Bc 54.45+2.22Ab 56.67+1.93Bab 63.33+1.93Ba
170 54.44+2.94Ac 60.00+1.92Ac 67.78+1.11Ab 77.78+1.11Aa
220 42.22+2.94BCb 44.45+4.01Bb 52.2242.94Bb 62.2242.94Ba

2.4 FHRRBBH B LED R LTH RN
Pk (F=182.269; df=7,64; P<0.001) Fi4b
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AR RA B (£ 7). Lk
( F=102.060; df=5,48; P<0.001 ) AAkb B fs} [a]
(F=64.159; df=3,48; P<0.001) XX} 45 o i 4 3
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df=15,48; P=0.567 ) X5 A H LR To B
SO (38 ) AR I A W S L 1 A ' 2% o Ak 3L
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(F=415.371; df=5,48; P<0.001 ) F14b 35} ]
(F=41.597; df=3, 48; P<0.001) KFH A HAEH]
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Table 7 Phototactic ratio of C. ferrugineus adults to LED lights with different wavelengths after different exposure times

%

60/min

90/min

*x7
WK /nm 15/min 30/min
Xf iR 37.78+1.11Ec 44.44+1.11Db
365 77.78+2.22Ab 86.67+1.92Aa
395 71.11£2.22Bb 81.11«1.11Ba
420 57.78+1.11Cc 67.78+4.01Cbc
460 78.89+2.94Ab 85.56=1.11Bb
520 48.89+4.01Dc 67.78+1.11Cb
590 54.45+2.22CDc 66.67+1.92Cb
620 40.001.92Eb 45.56+1.11Db

47.78+1.11Db
90.00+0.00Aa
83.33+2.94ABa
78.89+2.94Bab
86.66+3.33Aab
77.78+1.11Ba
71.11+1.11BCb
66.67+1.93Ca

58.89+2.22Da
93.33+2.22Aa
84.44+1.11BCa
84.44+4.01BCa
93.33+1.93Aa
83.33+1.93BCa
80.00+1.92Ca
67.78+1.11Da
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Table 8 Phototactic ratio of C. ferrugineus adults to LED lights with a wavelength of 460 nm at various
light intensities after different exposure times %
SR /1x 15/min 30/min 60/min 90/min
Xof R 31.11£1.11Cc 38.89+1.11Db 46.67+£1.93Da 50.00+1.92Da
20 46.67+3.33Bb 65.55+2.22Ba 71.11+£2.22Ba 72.22+2.94BCa
70 51.11£1.11Bc¢ 64.44+2.94BCb 72.22+1.11Ba 74.45+2.22BCa
120 55.55+2.22Bc¢ 66.67+3.33BCb 70.00+3.85Bab 77.78+1.11Ba
170 73.33+£1.93Ac 82.22+1.11Ab 87.78+1.11Aa 90.00+1.92Aa
220 54.44+4 .44Bb 60.00£1.92Cb 62.22+1.11Cab 70.00+1.92Ca

R9 ARAERER

FB B BN AERK LED StiRE LR

Table 9 Phototactic ratio of 7. confusum adults to LED lights with different wavelengths after different exposure times

%

P /mm 15/min 30/min 60/min 90/min
PO 33.33+1.93BCc 36.67+1.93CDEbc 43.33+£3.85CDb 51.11«1.11Da
365 40.00+£5.77ABb 45.56+5.56BCab 51.11+2.94ABCab 58.89+1.11Ca
395 46.67+£3.85Ab 50.00+1.92ABb 58.89+1.11Aa 65.56+1.11Ba
420 21.11£2.94Cc 32.22+2.22Eb 35.56+1.11Dab 38.89+1.11Ea
460 41.11£1.11ABb 43.33£1.93BCDb 56.22+8.22ABb 72.22+2.94Aa
520 35.56+1.11Bc 55.55+2.22Ab 60.00+1.92Ab 66.67+1.93Ba
590 17.78+1.11Cc 30.00+3.85Eb 46.67+1.93BCDa 51.11+1.11Da
620 33.33+1.93BCc 34.45+2.22DEc 53.33+1.93ABCb 60.00+1.92Ca

R 10 TREIAIE /5 RUE A B R SR E R 460 nm LED SEiRE 5 3
Table 10 Phototactic ratio of 7. confusum adults to LED lights with a wavelength of 460 nm at various
light intensities after different exposure times %
R /1x 15/min 30/min 60/min 90/min
X i 22.2242.22Da 23.33£1.93Fa 26.67+1.93Fa 26.67£1.93Ea
20 53.33+1.93Bb 54.44+1.11Cb 58.89+1.11Ca 62.22+1.11Ca
70 60.00+1.92Ab 66.67+1.93Ba 71.11£1.11Ba 71.11£1.11Ba
120 61.11£2.22Ac¢ 72.22+1.11Ab 76.67+1.93Ab 84.44+2.94Aa
170 37.78+1.11Cc 40.00+0.00Ebc 43.33£1.93Eb 47.78+1.11Da
220 43.33£1.93Cb 45.55+2.22Dab 48.89+1.11Dab 51.11%1.11Da

el R R, X120 1x B 460 nm ) LED ¢4
2.6 EXRSHHEIN LED XiEHENITAH RN
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Table 11 Phototactic ratio of S. zeamais adults to LED lights with different wavelengths after different exposure times %
P /mm 15/min 30/min 60/min 90/min
X iR 42.22+2.22Eb 46.67+1.93Cab 50.00+1.92Ea 53.33+1.93Da
365 70.00+1.92Bd 75.56x1.11Ac 81.11+1.11ABb 88.89+1.11Aa
395 53.33+£1.93Dd 60.00£1.92Bc 68.89+1.11CDb 76.67£1.93Ba
420 41.11+1.11Ec 58.89+1.11Bb 64.45+2.22Da 65.56x1.11Ca
460 60.00+1.92CDc 70.00+3.85Ab 74.45+2.22Cab 80.00+1.92Ba
520 65.56+2.94BCb 67.78+4.01 ABb 75.55+4.01BCab 81.11+1.11Ba
590 76.67+1.93Ab 75.56£2.94Ab 84.45+2.22Aa 88.89+1.11Aa
620 53.33+1.93Dd 61.11+2.94Bc 68.89+1.11CDb 77.78+1.11Ba

F12 FELEREGEERKHEANREREERER 590 nm LED StiRH#E L E
Table 12 Phototactic ratio of S. zeamais adults to LED lights with a wavelength of 590 nm at various

light intensities after

different exposure times

%

S /1x 15/min 30/min 60/min 90/min
Xf iR 41.11£1.11Dc 47.78+1.11Cb 54.44+1.11Ca 54.44+1.11Ca
20 43.33£1.93Dc 50.00£1.92Cb 54.44+1.11Cb 60.00+£1.92Ca
70 54.44+1.11Bc 63.33+£1.93Bb 63.33+1.93Bb 71.11+1.11Ba
120 44.44+2 .94CDc 50.00+1.92Cc 63.33+1.93Bb 70.00+1.92Ba
170 48.89+1.11Cc 61.11£1.11Bb 64.44+1.11Bb 72.2242.22Ba
220 64.44+1.11Ac 71.11£2.22Abc 73.33+1.93Ab 86.67+1.93Aa

Hironaka®™ 55 45 AR, —#F W84 375 nm
(1284 LED SGXt (B H 5 754 T o A 404% 30t
520 nm ¥ LED (T #a G, HIRJE 460,
395 nm, XS AMFIEERAM, B, Ok
A X} 520 nm ., 120 Ix 1Y LED YG#E o,
X5 Song ZFMEFsE sk BN, Park!"WF5T % 8
EAKLXF 625 nm. 25 Ix By LED Jt#atef oK ;
Jeon!PMFSE B, K4 %t 450 nm B LED 6% #4
JEPERR 5 ABAWETE oK R E K R % 590 nm
) LED Ytttk ok, DL b YT g J2 i T4 B
RS2 5 . ARG B R R, A
1.5 h, i B3RS E ST B A, 50k
60 h., 48 h, HTT, XJ A28 d ot 5 a5
o FATR I 460 nm ., 120 1x B LED Yoxf 244804
WAHTIAER, R B A2 A E 5
EEERR (TR

B AT 32 Z R R PR, BRI
DAoL N =N SRS BN G371 DS &l e S EwIN-A |
fit e AU AT MM A SUNAE IR IR 2 4 T
FET 6 i M HUREAS [R) % K I BRG8 BE 19 LED
KT, T HE . Wl B RSEXT T

ek B M (A A IE— 9T . BLAh, SRR iE Sk
PF T i 5 HOB AT 75 2 — 25 AiE

BAEEA DG, K. BiA. S kR
SRR E (5 S AT R AR 2 i, %k
T4 PR 2R I L T 4l o P v xR A
% , Miyatake O g8 e PE (S B R 55
LED KT 35 4 #% 21 & X5 00 & B A o 4 il VR
Dueh!®Vff 57 th ¢ W 58 4 £ B K s 1k 2% 51 15 77
5556 LED 206 11 2 3 m Xy AR 448 @ 1
PR R, & Tk LED St S5 8W 513
FEER . Py AL T B 2R A N B IR R
A A — A

&it

ARG, WA BRI, 6 FhifAE b
B AN [R5 FIOGER ) LED S 5 e Pk 2 4
h, b, RGN K 590 nm, SEER R 170 1x
) LED JEUR BT e K, AR PLAF ¥ i X I
520 nm. Ji® 120 Ix B9 LED SEli#atER K, MM
FH R B G 460 nm ., JEEE 170 1x B9 LED %
VR TERR, B 5 A Es RO K 365 nm 1Y
LED St TER K, Z4 A B HX i K 460 nm
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iR

J65E 120 1x /9 LED Y tE ik, BKRG AT
K 365 nm ) LED YGIE#PER K.
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