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Progress and prospect of photoelectric inducing-trapping
control locust plague

WANG Li-xin' , ZHOU Qiang®
(1. School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract The technology of photoelectric inducing-trapping locust plague is mainly based on the property of locust
phototaxis. It depends on both light source and corresponding mechanical structures which act as the control factor for
inducing direction and capturing locust plague. The experimental results confirmed that the light sources with short
spectrum obviously inspired high phototaxis,as well as drastically strengthened locust’s phototaxis behaviors. Based on
locust’s phototaxis, the machine of photoelectric inducing-trapping plague locust was designed and manufactured to
realize the inducing collection of plague locust. The biomimetic designed slippery trapping plate successfully reduced
the attaching ability of locust attachment system and caused the gathered locust to efficiently slide into the machine.
Photoelectric inducing-trapping plague locust could avoid ecological environment pollution from utilizing pesticide, and
achieve the resource utilization of the captured locust as well. It therefore possesses a comprehensive prospect in the
aspect of physical agriculture.
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Fig. 1 General structure of photoelectric

inducing-trapping plague locust machine
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Fig. 2 Structures of Nepenthes pitchers
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Fig. 3 Surface microstructures of Nepenthes pitchers
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Fig.4 Surface structure of biomimetic designed

locust slippery trapping plate
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Fig. 5 Surface topography of biomimetic manufactured

locust slippery trapping plate

FIREAs A= — 5 T )P e 095 9 3 15 R B Rl vl ok
AETIN T A i) #6 BAT 55 T B8 DX 3 T Rl 45 # 26 (U 33
0 HE AR 5 55 — 7 THI R AT 5 5 A 45 0 5 R ) A
K-TOK RUBE Y 888 R A7 88 A A 5 (A JBUA 0

3 MAM=STEERES

W5 IR G RE RS 25 Al A ) A R Bl PR IR L X
TR HUICTH B B A A AR B, SR —
ol BE % 5 Al DX 3 i A 2 A 25 T ™ 2 ) B R AR L R
SERELTG Qe M BT R BOR . DG TR i R Al AR
PR HE T 9 F R O e IR [ AT O L R RO
TR T R 41l 42 90 A B R J LA S B 9 T M TR A
15 4 A Tl S it A 24 )™ A ) B i 3 T S LA
R BB IRAL A o BRI B ICH B8 R TG A
VA6 LAY [  FT ] 0 g L i A H AR Bk
Ay B HL 4 47l 5235 B A8 AOPK B Al A 7 AR A
) I B4 L R L BE RS A Sh ) A E SR S A
BLA Y Y A i o R EROKSS AT 38 Y Y05 1) 30 5% 2880 1y B
BIFFE BT S )T B A o 2275 L A 7 e D 2K
RSO IR BT S 80 W e B 1l 4 1 AR 07 2E
T 1 £ 608 1 A 800 f 7 4 82 ek ™ A g 0 A SR O Al
WA SRR & T2 A 4 TRk 3
R RS Al 4R i IR AR Y B8 58 3 AT A Bl 00
ARAE AR O U R AL HE ) 5 0



E LA I TCE O U S AR LAUE S 2 R KR T AR AT

209

(1]

2]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

(191

[20]

[21]

[22]

[23]

2 £ X #

A F i A 5R L E AT . R T BILAR Ak AR A BEEOR R R .
A\ ML 27 42 - 2005,36(11) : 165-168

JEV IR SRR K FE AL SO S A R R ) BIAR DR 4B AR 2 6
BHALT] Al T ,2012,2(SD 1 16-19

LT S R W8 e R ) BT A R B N T AT AR %2
BRI BR2#,2008,36(21) :9146-9148

JEVR R /L B A O F RN A N L .
BAR A= Wy B 2 0k i, 2006, 6 (4) . 70-72

i O B S B R R LS A i S R R LT ). B
#1,2004,41(3):198-203

FEW L SESEHR A Tk . A1 TN R [T ] B M AR AR
2003,11(1) :75-77

AP 7 AR OGRS AR R T R OGRS BT S ST .
LA AR By R 22 HE 2009, 9(13) 1 2456-2459

A5 01 B OGRS AR T B8 BB RIDG IR SR AT S B Y
(I, BRARAE B 2 30 Ji2 , 2009,9(3) :466-469

A PR 7. 6 i T M o SR B SO 5 O AL HL A S e R R TR
[DJ. dtxt: Al K%, 2009

Charles Barry, Rudolf Jander. Photoinhibitory function of the
dorsal ocelli in the phototactic reaction of the migratory locust
Locusta migratorial J]. Nature,1968,217(5129) :675-677
Michiyo Kinoshita, Keram Pfeiffer, Uwe Homberg. Spectral
properties of identified polarized-light sensitive interneurons in
the brain of the desert locust Schistocerca gregaria []]. The
Journal of Experimental Biology,2007,210(8):1350-1361

XU SR U JE 5 A R 7. 8 e ' 1 Ol BRI R 4 X L K
BOERAILT ], gl TR A4 , 2011,27(8) :252-256

KSR - JE S8R 75 S O VR B 2 X L G S i 7 Y 5 R (L.
AN WL 248, 2011,42(10) :105-109

XU AL JE BB IR Dl TR 32 A8 i YR R e el S o B Y 3 38
(I VLI R 2240 - B AR BL 22 AR . 2011, 32(3) 1 260-265

S AT » ST 58 8L et 0T R S O 4R ' R i 9% 't 9 2 18] 1 57 X L
LI A HLM 24 . 2011 ,42(12) 1 116-120

XA > JET 58 L O IR R VR4 X L e Ol 1 A% 007 1Y 1K 56 F 9
LI, i Al R 2 2441 . 2011, 16 (4) - 52-58

XU Ji L SR TR SR ' AR R A X R el e ' o 7 3R s K R0 Y
S B g L], Al TR 24, 2012,28(18) :169-176
XIS L o JET SR Ol 7 R X e R S e R A R RO [T ] Ak
WML 224 . 2011,43(11) :197-202

APy B ST R JE SR DGR 5 HLAORI T B8 B2 sh AT T .
Al T AR 241, 2013,29(2) : 148-152

JEI 3. SR S e il SR HLLP D, o B % AL 200310113391, X,
2003-11-18

JE S B T S 0. — RO T U R HLLP . b R A,
200410096643, 7,2004-12-06

JRL R R HTE . B AR R OE i S R R RENLP ] R E
4 H),200420116184. X,2004-12-06

F LA e R E. — e R 8 R Ol L O T A AR AL

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[P]. v E%E#,201310214300. 5,2013-6-3

Wang Li-xin, Zhou Qiang,Xu Shu-yan. Role of claws and pads
in locust Locusta migratoria manilensis attaching to substrates
[J]. Chin Sci Bull,2011,56:789-795

JEVIR AR B 0. W AROME R IR 2 3 B R AT O 1 G R BT
LI WA R ¥ Tl K 3 4 4R , 2006, 38(S) : 81-83

FNTHT S B RN B T I AR R I 3 AR RN L . v
TR AR BI2E AR 2009,30(3) :232-235

Wang Li-xin, Zhou Qiang, Xu Shu-yan, et al. Investigation of
the sliding friction behaviors of locust on slippery plates [J].
Chinese Science Bulletin,2009,54(24) :4549-4554

Ellison A M, Gotelli N J. Energetics and the evolution of
carnivorous plants: Darwin’s most wonderful plants in the
world [J]. Journal of Experimental Botany,2009,60(1):19-42
Lijin C, Jonathan Moran, Charles C. Trap geometry in three
giant montane pitcher plant species from Borneo is a function
of tree shrew body size [J]. New Phytologist, 2010, 186 (2):
461-470

Gaume L,Gorb S, Rowe N. Function of epidermal surfaces in
the trapping efficiency of Nepenthes alata pitchers [ J]. New
Phytologist,2002,156(3) :479-489

Bohn H F, Federle W. Insect aquaplaning: Nepenthes pitcher
plants capture prey with the peristome,a fully wettable water-
lubricated anisotropic surface [J]. Procedings of the National
Academy Sciences USA,2004,101(39):14138-14143

Ellison A M. Nutrient
carnivorous plants [J]. Plant Biology,2006,8(6) :740-747

limitation and stoichiometry of
Wang Li-xin, Zhou Qiang, Zheng Yong-jun, et al. Composite
structure and properties of pitcher surface of carnivorous plant
Nepenthes and its influence on insect attachment system []J].
Progress in Natural Science,2009,19(12) :1657-1664

Gorb E, Hass K, Henrich A, et al. Composite structure of the
crystalline epicuticular wax layer of the slippery zone in the
pitchers of the carnivorous plant Nepenthes alata and its effect
on insect attachment [ J]. The Journal of Experimental
Biology,2005,208(24) :4651-4662

Riedel M, Eichner A,Meimberg H.et al. Chemical composition
of epicuticular wax crystals on the slippery zone in pitchers of
five Nepenthes species and hybrids [ J]. Planta, 2007,225(6) ;
1517-1534

Scholz I,Buckins M, Dolge L, et al. Slippery surfaces of pitcher
plants: Nepenthes wax crystals minimize insect attachment wvia
[J]. The
Experimental Biology,2010,213(7):1115-1125

microscopic surface roughness Journal = of
Wang Li-xin, Zhou Qiang. Friction force of locust Locusta
migratoria manilensis ( Orthoptera, Locustidae) on slippery
zones surface of pitchers from four Nepenthes species [ ] ].
Tribology Letters,2011,44(3):345-353

Gorb E V,Gorb S N. Physicochemical properties of functional

surface in pitchers of the carnivorous plant Nepenthes alata

blanco (Nepenthaceae) [J]. Plant Biology,2006,8(6) :841-848



210

hoE kR R R R

2014 4 55 19 &

[39]

[40]

[41]

[42]

Gaume L,Perret P,Gorb E. How do plant waxes cause flies to
slide? Experimental tests of wax-based trapping mechanisms in
three pitfall carnivorous plants [ J]. Arthropod Structure &
Development,2004,33(1):103-111

Wang Li-xin, Zhou Qiang. Numerical characterization of
surface structures of slippery zone in Nepenthes alata pitchers
and its mechanism of reducing locust’s attachment force [J].
Advances in Natural Science,2010,3(2) :152-160

Koch K. Bhushan B. Barthlott W. Multifunctional surface
structures of plants; An inspiration for biomimetics [ ] ].
Progress in Materials Science,2009,54(2) :137-178

Yan Y., Gao N, Barthlott W. Mimicking natural superhydrophobic
surfaces and grasping the wetting process: A review on recent
progress in preparing superhydrophobic surfaces [J]. Advances

in Colloid and Interface Science,2011,169(2) :80-105

[43]

[44]

[45]

[46]

[47]

[48]

Koch K, Dommise A, Barthlott W, et al. The use of plant
waxes as templates for micro- and nanopatterning of surfaces
[J]. Acta Biomaterialia,2007.3(6) : 905-909

Gorb S N. Visualisation of native surfaces by two-step molding
[J7]. Microscopy Today,2007,15(2) :44-46

Gorb E V,Gorb S N. The effect of surface anisotropy in the
slippery zone of Nepenthes alata pitchers on beetle attachment
[J]. Beilstein Journal of Nanotechnology,2011,2(1):302-310
JR AR R ST ST R A A W AR T A A T L O
FEAHLI]. LA £} 2009, 40(9) :201-204

ST SR A R O R G RS X R A A SRR AE
WAL A A 9 A 07 AR BT LT ) ROk BLAR 2 4 2011, 42(1) - 233~
235

E ST R R B R R i A X7 A o T R o A
AR LT ], AP LA 24 . 2011,42(5) :222-225

FrEm A XA



