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Spectral Vision Acuity Reaction Detection of Phototactic Response of

Locusta migratoria to LED Light Signal

Liu Qihang' Jiang Yueli’ Zhou Qiang’
(1. School of Mechanical and Elecirical Engineering, Henan Institute of Science and Technology, Xinxiang 453003, China
2. Institute of Plant Protection, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China
3. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; To explore the visual acuity reaction effect of Locusta migratoria responding to LED light
signal, clear the photosensitive response factor and the biological light inducing parameters of Locusta
migratoria phototaxis regulated by light, the spectral representation of Locusta migratoria visual reaction
stimulated by LED light source was investigated with AvaSpec fiber-optic spectrometer system. On this
basis, the degree of Locusta migratoria phototactic response and reaction regulated by spectral light was
certificated comparatively through utilizing the investigated device of Locusta migratoria phototactic
response to spectral illumination. The results showed that the visual reaction was represented to 380 nm,
402 nm, 540 nm and 602 nm glimmer characteristics when Locusta migratoria visual system accepted to
absorb 365 nm, 400 nm, 520 nm, and 610 nm light photons, and spectral illumination was enhanced,

the visual spectral transmission peak amplitude was increased to take on the reaction characteristics of
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time-varying effect, which originated from the difference of photo-physicochemical reactions and light-
sensing deconstruction effect of the visual system absorbing different spectral photons, and the visual
sensitivity degree of responding to different spectral light stimulation was manifested by visual spectrum
peak misregistration and visual spectrum emission amplitude. Moreover, time-varying intensity of Locusta
migratoria visual photosensitivity regulation to violet light was the optimal, the following was orange light,
and green light was the worst, the visual photosensitivity regulation capacity for orange light was the
optimal , the following was green light, and violet light was the worst. Simultaneously, the superior
photosensitive aggregating speed for UV light, the better photosensitive aggregating degree for violet light
and the better phototactic effect for orange light showed that the phototactic photosensitivity activity,
phototactic degree and the phototactic effect were positively correlated with visual stimulation intensity,
time-varying intensity of visual photosensitivity regulation and visual photosensitivity regulation capacity,
respectively, and the photosensitive time effectiveness of the visual reaction intensity affected the
behavioral selection effect and visual photosensitivity activity effect. Then, based on the stronger
stimulating effect of UV light, the better time effectiveness sensitivity of orange light and the stronger
photosensitive regulation intensity of violet light, Locusta migratoria phototactic effect can be improved by
stimulating time regulation with the combination of UV, violet and orange light. Research results provided
theoretical support for the study of trapping mechanical equipment of Locusta migratoria induced by light.

Key words: Locusta migratoria; visual response; LED light; visual spectral characterization; phototactic
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Fig.2 Experiment apparatus of locust’s vision responding to LED spectral illumination



236 P S| 1R = R4 2016 4
3 3 SRV HE
1.4x10* SR TS 8.5X103 ORI B 4.5x103 a?;jﬁj%
1.2x10*| B E] e 7.5<10 BE EfE S ls 10 min—20 fmin—30 min
1.0x10% —%(O)mm %(())mm 6.5x103 ~10min -~ 10min 25410 ‘| 40 min— 50 min— 60 min
O - min \ . "
B o3| 30min S0mm || i8(5.510° “ghmim  —ffmn | i 1290 |
Il §.0x = i ) g ; ey 1l
Bl a0 —ggﬁ fstgﬁg i 54.5410° - 40 min :ggﬁ | 5 5010 il
26.0x10% _ g0 1min 60min [y} £3.5x10% =30 min ; =
(M
4.0x103 2.5%103
2_0X103 1.5%x103
5.0x102

0 A VAN itk Y i l‘\ ) N
320 340 360 380 jgo 420 440 460 480 500
()25 Ej‘ﬁfﬁﬂﬁ

T —— IMEN 5
360 400 440 430 520 560 600 640
Fk/nm
(b)%. BehlE

460 500 540 580 620 660

Pk/mm
()EFIEHI

B3 100 L S BT 45 L B0 0 o
Fig.3  Spectra of locust’s visual response under stimulation of 100 Ix light
295109 1.6x10% § 10 min
1.8510% . v 1.4x10% M 20 min
5 J N\ B ;
' —%g e dl 1.2x10* | N 30 min
B L4X10% 30 min I\ ) gxa0t /Y
E —40 min I W = s J
B 1.040% 50 min I % 8.0x10
g 60 min 0 ALY E 6.040%
S0 4.0x103{1"]
2.0x103{1

2.0x103

0 Db bt

32 o A‘“ 380 400 “.“ ‘“A 3 " 440 ‘ . ‘ 5‘20
W H/mm P K/mm
Lt . (a) 500 IEEAMLRIE 1 os®
14x04 —10mn £ 04103
L340 —Hm '
B 00 50 Eﬂ %6.%103
2 gioxq¥ —60min AN L4 0x103
= i ¥
= 6.0<10°4 | "“ﬂ k*‘(’%ﬂ A 'j\WW it 3{4‘ i~ 2 0100
40% 10 Wi M“m i A I i g R‘Ml i o P ANA
MW/MWM%MMW W T L
500 540 580 620 660 700 740 ' 490 510 530 550 570 590
P A/nm F/mm
(c) 1000 XYl # (d) 1000 IxEERIEL
P4 [ R EE T e A S 0 B R
Fig. 4  Spectral characterization of locust’s visual response under different light illumination intensities
K40 nm i, [ Hf, 10 min f 380,402,540, %R B fe i 5RO 2, B O X R Y I 3 R R AE 10

602 nm W (R I B 22 [A) JC 22 5 @ & 1 (P = 0. 025) , LA
450 nm 5,20 ~ 50 min B} 402 nm 602 nm W& {H
BT 540 nm,60 min B} 402 540 .602 nm 2 [A] TG 2 &
PE2E 5, Horb 380 nm fiz i 450 nm R Z o B, AR
Kﬂ%?ﬂﬁ”@ﬁ?ﬂi%mﬁﬁ@ﬁpiﬁ% AR X AN [
TG IR 2 IO SO B A SO0 Y 22 R, O DL DB
fﬁ@ﬁllﬂﬂﬁfiﬂjﬁﬁﬁ'ﬁﬂi
L) O 5 B Dy 500 Ix B 5 Ab IS O DL K
1,000 Tx Fif B8 51t 1 D't BRURF IR, 2R STV LR o i 7 98¢
T D F% P AE 5 100 Ie 9 A [, AH 35 78 10 5 0 37
TERAE A AE AN ], dy 181 4 W%, 10 ~ 60 min
S8 AP RRARF IR, 2R S0 R i e 7 14 8 i e {0 326 D,
1 60 min & £ 5 IK, HAE 30 ~40 min B} i 2% 5% 93,
AR EE A A 2R ' I IR [ A AR I TR A0 5 I V)
P IE(EAE 10 ~30 min Z [8] 3339, 3T 30 min A 3%
F I H,40 ~ 60 min [ 0 {E & #7980, H T 60 min
I 2 AT o 7R AR (] O BRI ) A R 0, DGR
500 Lx Fy 55 S0 AN OG5 A W08 5% W 2 o8 T Ol ot
JE 0 1000 Ix B #E SE A28, IF BLEE Hb 16X I i i

~40 min Ff 5T XN B 46O, T 50 ~ 60 min £ 56X}
JOF P I8 T s JRE A 2 eI o
By 1 3 FE 4 7T LUE Y, Bl O B B2 9 3
S8 A1 RT IO 4 R i i 17 98 T S 8 A A 1 B AR R A )
FH I, 58 F0 A8 6 19 052 i) 7 BF (18] 22 4, 565 | 2 AR T
TR A e 7 R T 58 K, 1L 7 R ] 1 o' BRI R] P, 2R
DAY BN VAT R & Fags e S i1 R N i Y
ﬁ‘tﬂﬁ{iﬁ%iﬁﬁﬂ@ﬁﬁ?é@ibu,%%u%ﬁ‘cxﬁ%ﬂﬂz%@m
B S 5 ) e LA s B [ f ) SR AR sk
L, P F 58 AR a1 A6 AH W] ' BE B[R] B, 500 1x
éﬁl\ﬁ@lilﬁ@ﬁ%ﬂﬁﬂjﬁﬁﬂiﬁ,éi*ﬂ’lﬁﬁ'ﬁi‘ﬁﬁﬁ
SR HE I 2 SR AN RNEE DG 2 A% I X N A0 0 S 5
IKF 456,50 ~ 60 min B} 48651 36 B HLHE 5 58k i
eI H AT T o RS B R 5 1 R R K R L B
RN AR T s SR A DU 5 i) e R [ ol 35
JR MY R S 7 5 D 4 R A AN
2.1.2 Ol REE s L e R S ' B 7 Y R
T3AN AT T RO R AL GE i . LED S i
DK, R 0 e D' % i 1 i 1 BsF R 40 2 1 s, 2R I

B/
o



5 43

XA ML &5 . AR R X) LED St {5 5

LB W 87 4 95 i R 4288 o ) R 237

TR AL B W) N AS ] G S BR R Ee R E A S pr
Mo
F£1 2.0~2.5m X KR &S B #9 IE 5L & 8]

Tab.1 Time of locust stopping to respond at channel

of 2.0~2.5m min

JGUR 2 HY GRS 6 IR EE /1x Wil 37 B[] / min
100 5.0
EL0 500 4.5
1 000 4.0
100 6.0
5% 500 5.0
1 000 4.0
100 8.5
licH 1 000 7.0
10 000 6.0
100 6.0
% 1 000 5.0
10 000 5.0

70 X B¢ 8] B&/m

TR B Ix
FS  ZR 0K R B8 M R A () D' 3 ) O A

Fig.5 Phototactic effect of locusts responding to

different spectral light intensities

M T AN S n] LA W, LED S B Al 515 K
TRE AL BE A R 3 O MR AN ] Ot g 1
I ) RS S AN R] o AE L5 B O 100 L i, LA
PR ey 137 55 S0 1 D' A 1) 52 L, EL W) 7 1 R ) R
B9 (0 ~ 1.0 m A R 54% L T 0 ~ 0.5 m
OMATR) B Z MR 2,1 1.0 ~2.5 m
N PR DG d e B DG I Z T ARG B A, L e 1 L %
PARE G fic i (92. 5% ) 5 AM G i Ak (80% ) o H1 Ik
DLW, 550 BT 2R 11 Y M5 B B 08 5 55 A1 O B BB
PEBSR , HUCR O, BT A 08 HOL 5 6 S50 1L 1Y
FEREBAF, DGR B E B, TStk Z .

B A O BEEE 3G i, 2R SRR i ) 7 7 O 2 B
TR P R S T, i e 9 2 e R A D' SRS ek
RCES) . Hoeam e i 100 Ix B 2 500 Ix B, 7R
TR I B 5 ' ) L OB DB AR tR TR A S
TEIDEMAOCR . HOLHEE dr 100 Ix 3% 2 1 000 Ix
N, 7 SIF. R R 5 A R 016 ) e R o, EL G o)
IO A D' Y G BB R T R0 . A RE 1E % 500 Ix
SOMMEIE (0 ~0.5 m) iR OERE ROtz 3l 5 B
LT 1000 Lx F RS 028, T 2R V. M54 5 W 3 119
JCR SR B I i I, SOk Z o I, R

6 AR ) 1K e P 4 Y IR 7 R AT 9 632 30 8 Bt v
G BBUR R B 22 S, T BB UL PR Ol ) D K R
P 5 | R B R A 0 v IR B 7 A R I U N £
%5,
2.2 itig

e oft A7 R i) X6 AR 5 SO AT, T B
O ) gk ol 2 MR JRRORT 5 00 TR A ) 0% T B0
A S B A 5% AR L, T AS ) 638 ' O 1 B ke i
R 5 i €2 2% 1) 6 300 200 22 S5 A ok 2 IR % g o Ol TG
ST BN, LA SR8 R Y R 25 R B I
82 X TR0 I 2 B W i, FLR 68 % 06 R R
W W Al A 08 B AR R M 3 R HL R R R ) 2%
ST ORBEAE BR , ZR T A HR O R Ak R LA
P W38 W 83T 76 't IR 32 30 I 0 M 3% B 3R AL, S
Tt FEE DAL E 308 335 D3 ' W) 7 260 07 R B, L 5l I 1]
ARG 0 3 37 0 IR 8 A R ' 0 4 kR
(B4 FE 5) o SGIREEE T R AR T s 6 1k
B IS B R s 8 2 7 A 1 O B TR R AL
6 RGBT L o R R X R T S O
4 L6 0 35 T 6 2550 AR AL 7 R Ak e R 28 3 4
RONE, e T A E T A [ B 3 ' IR A B AR B K
VLB 4 25 5, R BL T WM 28 006 2 I R 2
51, L WA R B Y B P TR B

[l ], 2R IE. & 8 W8 e B F) 1 S i) 2 31,
SYCH 0 28 10 L0088 13 S ), 9 7 EC S B IR G O IR
SR 6 R A 2 BT S L S I 5 R F
HL O 7 A [ 90 38 ' B T 7 A R () £ 063 3l UG
e R0t o ARHIFSE R R S 100 1x
IR M LR 2 R R I 1 £ 3 1 2 LA 46 ARl
T S 5 | A LB D' S T i 45 Ak R LA
SR WAL S| AR P E 1 I 4 0 1
ot EA S B (& 3) , H 5 100 Ix B 4% &
i A S N KX I (S ) o ax e AR AR
T Y0 ' TR 1 ' 8 BB v T O f B A RN
S it ' B 4 £ 25 Al JEL A R B 202 4 Y B 4
FRAE , EL R BE B4 55 X 4R K B B A 9 55 0
A B 3 R e R R D T I RN ) D' BT
S HL A 06 SR

I 25 BRI, 7 I B S R R e
I 4) 25 W 52 {37 B8 7 B 59, 't 00 3l 25 9y 3 1k 3
T, MT A ' B 07 38 58 (26 181 5) o EDG B A 1
M) 4% TP, R LR 5 1 T A 3, e, R R
A e Py A B8R T 3 8 i 3 ) DL 0O B A
W Z BRI 2 , W e 't R 45 % BE (e 8 e (i
5 33 N R B 25 ) AR ORI i oIk 2 L 5 i
2 T 42 A1 56 T 9 R A A S B, (ELA ] 5 BRI ]



238

Kok HLOB ¥ R

2016 4

FR AL W) 7 5 iR o N ) D' SR AR R LA A
Jed i, Bt BT USRI, M e OR LUK
b5 3 /WS N1 A N /AL Y=o S o5 3 €A S 7/ R T A
T PR BRI D6 RO 7 1] 45 5 SRR X R P38 A
SR L DG RO 4 Y I A i R R AL D' SO
JE R IEA R

BIF 52 [ R 22 B, O R ol 2R I Bt A MR 7™ 2 4L 5
e ABCREAY B, 5 B G R (8] 98 4k A6 S 58
B AW A B P 2 O i IO R AR 2 T R BE L
0B AR 19 W5 ' 1 e 3 6% 29010 A0 40 S B )
O FRY R 20 1 AR, S ORI R AR L I
i W 17 1) ' BEAT O 108 R RFALE , EL 2R KM A0 5 T
IR 280 ) DI AR 25 M R ol S0 4 5 R ) L R
IO 0 T O IR A 5 R R EE T Y TR R Xk AL B B
59 JEE R A ORI B . It K
AR I X 5 A | 50 RIS St i 4L 5 o 7 R P e Ol B
IRF 1) P4 375 R30NE , G B IE 5% A 5 MR D Y D R 4
A [8] AT A 25 w5 6 5 il 4 2 o %) i LY
ERBOR

3 H&RIE

AT AE R R, AR IR AT IR s E K
365,400,520 ,610 nm /) LED SEHIEUE , 2 8 1 A5
PG I {EIT #% Ty 380,402,540 ,602 nm [ i i L
T 36 AR R E 7 4 8 AR s L B RO B
JEE 1A ) I, LA I ] 722 A By 98] 00, e AR IR
RS RS e B A N B RE DA SR O B I L DB IR
Z MRSt 75 AN GE SO 45 75 LU e ok 1K
YT BRI A 51 , T 5 A0l o AL 58 9 5 R A AEL R 5T
SN 5 52548 W D' AN 1 R I A R A 4 )
JOF T3 76 ' A0 BE A S I 56 A0 S B AL 4 Ol B 3R 4R
JE HEOCRAL B 6 R A P A DG B 1 ek
SR, 7RI S Y I A5 AR A R 4
B 52 00 HG G 9 AT T8 4%, T U5 3 Ol IR BE R 4 AR
QR S G B B I M A R ROR R e R
IVANEN S/, R SR EIN <Pt iRV <)y € i RS )
O 9 S L D' SO 4 G I A iR R DL K R '
TR P A B B IR AT G o

2 £ x W

BB, 5O, B, . BT Landsat8 LA H0HE 19 46 Ui BRI 77 i DR [T ] RO MU 2% 41,2015 ,46 (5) 1258 - 264.
HUANG Jianxi, ZHUO Wen, YANG Chunxi,et al. Locust remote sensing monitoring methods based on Landsat8 satellite data[ J].
Transactions of the Chinese Society for Agricultural Machinery,2015,46(5) ;258 —264. (in Chinese)

e N AMEE R EEOR IR SR B[], N R B4R, 2013, 48(4) 1804 - 810.

ZHANG Long. Advances and prospects of strategies and tactics of locust and grasshopper management [ J]. Chinese Journal of
Applied Entomology, 2013, 48(4) . 804 —810. (in Chinese)

o AL S0, AR g k. B LI A AL . b, CN2105840U[ P]. 1992 — 06 — 03.

BB EN. Wt HE IR AR R KON I FE T SR 0P 52 [ D] dbat: = ROk k2 ,2008.

YAO Mingyin. Theoretical analysis and experimental study of the induction and killing effects on locusts [ D]. Beijing: China
Agricultural University, 2008. (in Chinese)

ZHOU Q, XU R Q, CHENG X T. Bio-photo-electro effect of insects and its application in pest control[ J]. Progress in Modern
Biomedicine, 2006, 6(4): 70 - 72.

CHARLES Barry, RUDOLF Jander. Photoinhibitory function of the dorsal ocelli in the phototactic reaction of the migratory locust
Locusta migratoria[ J]. Nature, 1968,217. 675 - 677.

FEF, AR, AR SRS G IR A VR R R R B S A [ T] . R TR 2014 ,30(5) 1108 - 115.
WANG Lixin, NIU Huli, ZHOU Qiang. Locust induced trapping experiment based on coupling effect of air disturbance stimulation
and spectrum light source[ J]. Transactions of the CSAE, 2014, 30(5) : 108 - 115. (in Chinese)

AMIR A, ANGLE B Lange. Rhythmic behaviour and pattern-generating circuits in the locust:key concepts and recent updates[ J].
Journal of Insect Physiology, 2010, 56(8) .834 —843.

BAILEY E V, HARRIS M O. The visual behavior of adult Melanoplus sanguinipes ¥. [J]. Journal of Insect Behavior,1991, 4(6) :707 -
726.

DG 7P R A X R e ' R BN [T ] A MUBE A 4, 2012,43(11) 2197 - 202.

LIU Qihang, ZHOU Qiang. Effect of locustls phototactic response stimulated by light-sound-vibration coupling[ J]. Transactions
MICHIYO K, KERAM P, UWE H. Spectral properties of identified polarized-light sensitive interneurons in the brain of the desert

BENNETT R R, HORRIDGE G A. Spectral sensitivity of single retinula cells of the locust[ J]. Zeitschrift Fiir Vergleichende

10 XUJE i, JA otk
of the Chinese Society for Agricultural Machinery, 2012,43(11) :197 —202. (in Chinese)
11
locust Schistocerca gregarial J]. Journal of Experimental Biology, 2007,210(8) : 1350 - 1361.
12
Physiologie, 1967, 55(2) . 195 -206.
13

X A, R . e A5 O R R 55 O MR D' R X LI 2 [T ] 06 2 506 4 BT ,2014,34(7) 1593 - 1596.
LIU Qihang, ZHOU Qiang. Comparative investigation of locust’s phototactic visual spectrum effect and phototactic response to
spectral illumination[ J]. Spectroscopy and Spectral Analysis, 2014 ,34(7) :1593 - 1596. (in Chinese)

(THE 300 7T)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150537&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20121137&journal_id=jcsam

300

& BLOW o R 2016 4F

11

20

21

22

AR, IRHE BT, S R G 2 B I S SR A SC R [T ] HUAR LA 42 4% ,2014,50(10) : 112 - 120.

LI Pimao, ZHANG Youtong, XIE Lizhe,et al. Relationship between multi-injection oil mass deviation of common rail system and
rail pressure[ J]. Journal of Mechanical Engineering,2014,50(10) :112 - 120. (in Chinese)

YAN F, WANG J. Common rail injection system iterative learning control based parameter calibration for accurate fuel injection
quantity control[ J]. International Journal of Automotive Technology,2011,12(2) :84 -90.

FEEE X AR K . 2 6058 M HLE% 0 3 SR BE AR B S IR SCPE [ T] . A LR 2 4% ,2010,41(2) 17 - 20.

DU Wei, LIU Fushui. Correlation between fluctuation of speed and combustion non-uniformity in a diesel engine [ J].
Transactions of the Chinese Society for Agricultural Machinery,2010,41(2) :17 —20. (in Chinese)

CATANIA A E, FERRARI A, MITTICA A, et al. Common rail without accumulator; Development, theoretical-experimental
analysis and performance enhancement at DI — HCCI level of a new generation FIS[ C]. SAE Paper 2007 — 01 - 1258 ,2007.

S e SR Y AR, S v TR S A2 OB i S R AT (] AU AU DA 4R, 2011 ,31(7) <795 - 798,

SU Haifeng, ZHANG Youtong, HAO Gang, et al. Analysis on multiple-injection fuel quantity fluctuation for high pressure
common rail system[ J]. Transactions of Beijing Institute of Technology,2011,31(7) :795 —798. (in Chinese)

HN A, BB N =, 5w BB R o008 PR i S S A 92 [T ] iR JR i LR K 222 4 ,2013,34(5) 1609 - 614.
TIAN Bingqi, MA Xiuzhen, FAN Liyun,et al. Investigation on the cycle fuel injection quantity fluctuation of the high pressure
common rail system[ J]. Journal of Harbin Engineering University,2013,34(5) :609 - 614. (in Chinese)

P0G D AR DB S SRl BILI 46 TR IS FL B A S AR AR ST LT ] Ol BLBK 2 4R 2013 ,44 (1) 19 -25.

CUI Huifeng, LUO Fugiang, DONG Shaofeng, et al. Flow characteristics in diesel nozzle with convergent conical orifice [ J].
Transactions of the Chinese Society for Agricultural Machinery,2013,44(11) :19 -25. (in Chinese)

TRULZE, WU BRI R, A B R S S L 2 OB ST AR e BRI [T ] RAL T2 ,2009,30(5) 54 ~58,62.

XU Hongjun, CHANG Hanbao, SHAO Limin,et al. Research on combustion process of a heavy duty DI diesel engine with split
injection[ J]. Chinese Internal Combustion Engine Engineering,2009,30(5) :54 —58,62. (in Chinese)

TS, TR EA S, 8 POVE , 5. TR F 28 TR L 0BT AR e B e P S AR [T ] RO AR 2 4 ,2010,41(7) 11 ~ 14.
DING Xiaoliang, ZHANG Youtong, XIONG Qinghui,et al. Investigations into multiple-injection fuel quantity fluctuation for high
pressure common rail system with piezo-actuated injector [ J]. Transactions of the Chinese Society for Agricultural Machinery,
2010,41(7) :11 = 14. (in Chinese)

BURTI AR AL bk, 2. g TR UM 2R 58 2 U vt S G 0 00 5 LR 2047 [T ] Rl L AR 2417 ,2007,23(8) <117 — 121

ZHU Keqing, XU Quankui, YANG Lin,et al. Multiple-injection quantity measurement and analysis in high pressure common rail
injection system[ J]. Transactions of the CSAE,2007,23(8) :117 - 121. (in Chinese)

XA BERSR S 5 L PURIN R G PR S R i SR R A [T ] R4 102 ,2010,32(7) 575 - 578.

LIU Xinghua, FAN Zhigiang, GAO Zhuo. An experimental study on the rail pressure fluctuation characteristics of high-pressure
common rail fuel system[ J]. Automotive Engineering,2010,32(7) :575 —578. (in Chinese)

IRENKS B AL, BB A RIS LR A G RS AT ST LT ] R PL AR ,2012,33(2) 154 - 59.

XU Jinsong, SHEN Lizhong, WANG Guiyong,et al. Study on compound control strategy of rail pressure for high pressure common
rail diesel engine[ J]. Chinese Internal Combustion Engine Engineering,2012,33(2) :54 —=59. (iin Chinese)

(#5238 In)

14

20

VL3 R 8 A AT IR i SOk 1y LU E R R [T ] A 2% 4, 1983 ,35(1) 25 - 9.

JIANG Jingliang. Spectralsensitivity of locust compound eyes: a comparative study[ J]. Acta Physiologica Sinica, 1983, 35(1) .
5 -9. (in Chinese)

% T  HORRIDGE C A. 8 57 R /I [ BEE 200 Al R 2 9 A A RLARE (T ] A W o P2 412, 1987,3(6) < 178 — 184,

WU Weiguo, HORRIDGE C A. Regular change of the angular sensitivity of the retinula cells in locust compound eye[ J]. Acta
Biophysica Sinica, 1987, 3(6) :178 —184. (iin Chinese)

ST, JH 55 O B O BRI 45 21 & PESL IR s BB HCR IR [ T]. R4 ,2013,44(9) :243 - 249.

LIU Qihang, ZHOU Qiang. Effect of locustls phototactic response to regulatory illuminance of LED light source[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2013 ,44(9) :243 -249. (in Chinese)

MOTOHIRO W, FINLAY S, YUKIKO M, et al. Physiological basis of phototaxis to near-infrared light in Nephoteitix cincticeps
[J]. Journal of Comparative Physiology A, 2014, 200(6) :527 - 536.

JANDER, Barry. The phototactic push-pull-coupling between dorsal ocelli and compound eyes in the phototropotaxis of locusts and
crickets[ J]. Zeitschrift Fiir Vergleichende Physiologie, 1968 ,57(4) . 432 - 458.

HOMBERG U, AGNES P. Ultrastructure and orientation of ommatidia in the dorsal rim area of the locust compound eye[ J].
Arthropod Structure & Development,2002,30(4) ;271 -280.

BER, ks 30, RTE S, M Ik IR R R ELT]. B Hi%4R ,2002,45(3) :323 - 328.

WEI Guoshu, ZHANG Qingwen, WU Weiguo, et al. Characteristic response of the compound eyes of Helicoverpa armigera to light
[J]. Acta Entomologica Scinica, 2002, 45(3) :323 —328. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20130942&journal_id=jcsam

