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Effects of light-emitting diode light traps with a suction fan on the
population dynamics of the tea leathopper Empoasca onukii
(Hemiptera: Cicadellidae) within the effective distance
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Abstract: To clarify the control efficacy of light-emitting diode light traps with the suction fan on the
tea leathopper Empoasca onukii, the influence of light source on the indoor growth of leafthopper eggs
and nymphs, and the effects of lamp height and distance on the adult capture were studied; meanwhile,
the effective insect-killing, median trapping and golden trapping distances of the light trap were calculat-
ed, and then the dynamics of adult population in different lamp distances were compared between with-
in and beyond the effective insect-killing distance by field experiments. The results showed that the de-
velopmental duration and survivor rate of E. onukii from egg to adult was 18.50 d and 46.85%, respec-
tively, which had no significant difference from the negative control. The adult capture would decrease
when the lamp height and distance increased. As the lamp height was within 20-40 c¢m, the mean effec-
tive insect-killing distance, median trapping distance, and golden trapping distance were 58.17, 30.41,

and 23.86 m, respectively. In the field, the adult population of E. onukii in 5 m lamp distance first
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reached the maximum compared with those in other lamp distances. The adult populations in different

lamp distances showed significant differences with the passage of time. During the population peaks,

the adult population within 25 m lamp distance was only 49.5%-64.4% of that in 120 m lamp distance,

which indicated that the light-emitting diode light trap equipped with the suction fan could significantly

reduce the population of E. onukii within golden trapping distance by adult trapping.

Key words: Empoasca onukii; LED light trap; suction fan equipment; capable insect-killing distance;

population dynamic

K /NER W Empoasca onukii J2= 35 1) 5
KFEWR, 54 T K E 5 KA X (Bian et al.,
2014 KPRNIEAE,2017) o A5/ Nagidif g HUE D, PRt
TESS B H SR FH S HORT 6 e A7 By 4 () 20804
2012;Li & Pan,2016) . I 4F- 2% bel 3% AT AR A Wy
Pt , JEHDE R H LED RS HEE T AR R HUk &
Ji GREESE,2016) , A8 HUKTXEAS /NG W 75 R A5CR
e, I AE A el R TR RN, L AH ekt f5 % LED XU
AR HUKT X 25 /NG it W 1) 42 61 158 07 v AN B

AT FBEFIRATVE 55000 B A ey
Pk, HAEERTH B R AT A . IRk, A BT
RV FZAE TP S R R B AR S | i
HOGTEXT H bR R E A 20, A6
3 3 A O S D ) 4 ) B R AR K R R B e
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A AR, (HGEE AT 14 h 5 2Bl HAYE Jin i 46 %6 (o
AN E45,2010)  FH [E]3 B % HUKT AT g id o i3s3 1
(A1 I i) 45 i 5 A AR R BRI E Y ) 3
FREE , T A LT RCRPEAS A 25 17 OB H
PR BRI . RREOG IR S IR 55 55 /N I L
AU Bk (Shi et al., 2017) , G HR S REFEAR S/
SR Ak (B AEAE,2016) , (HOBREXT 25 /N
SR A KR B R AR ILARGE o R AT B
16 B AR B I RN A 5 B R KT AR 5 e 2 A
5, WG URAR IR KN 340 nm . 8 W A& HUAT X &M 5
ik Parocneria orienta B AT i35 )5 AR FERELT
120 m N BEIKIAHE R AT 1K 87.1% , (HFFAT #1180 m 5
RN R (JR R4, 2013) o FEAF B A Al XL
Wk HULT, BB LT 20~50 m Ak FF BE 88 Naranga aene-
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KTBE A8/ )N, A8 H INFSAS IR Craphalocrocis me-

dinalis 1) B 2% 525 FRAR G B E XIS 4R, 2014) o
BEAb, 28 BT A A B e 5 2% fig ) 22 AR K (Bi-
an et al.,2018a) , HASCR PEAN 18 W 2% &7 HUOB IR X
H b A B

SARFEETA A BT XA e 25/ INGg i R ) BR TR AR
I E S 5 T SR OB 1A B B A, A
FEPATF 2 NI 52 175 OGRS /NG R R ey s A
K2, I = I AN BT = AN [T R4 A
TR BT R A/ Nk WS IR SRR BT R
A5/ NG PR A R R R R TR RS R
AR B, IFaE T 2 A H R H R R UK A A0
FEl NS TRIAT BEAL A RGN L sl e g
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e e AR RS, DU PR LED XU AR
KT X A5 el %/ N e W ) BTV 80 R R A0 3 Y
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B 45 oI il A AR f R TPSCSZ 78 LED XL
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AL, K182 00—k H 06: 00 6IR F 317,
06: 00—18: 00 G H 2 5] , L ICis HUG IR R 1Y)
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1.2.2 T EHAdT e A et R R A E W a
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R AT R A0 1A b B, 7 L 2= P9 — 442 i
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SRR A R S . DAASRKT s AR [R) AT 1
AT BT A A8 /NG I o, A B0 5 R
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JE—11 H AT, I TE S 2% /NSt i g 55 2 A v g B
(ZRELLAEE,2017) o RIS B AS e R A T UE BTG
2P A 138 LED KU R R HUAT 5 R 2R /et
W KR 1.2.2 88045 R ST /N T 25 m 8 T4
KT R4S /NG i Wi i) A 5 I L, KT 120 mo#

AR S . A B T R R AN
(R B Ak 255 /N 2o P i g, Pt 250 i R S ), R 7K T HE 5
AHST5.10,15.20.25 m Abi% & A R 5, A0 [
KT RE AR A s A F A 49K, TE /KB B AR HUXT 120 m
AR BEAL I B S AR SR 2 O I T A I A A
[ 6 m LA b, SR FH B (Rl HRUBR I 2 32 DX P 4570
2 W KR (Bian et al., 2018b) , Kl di A A B EE
24 hJF BUR IR Ge Al bR b A5 /NG i i plg o A 250
i, R 3~4 dEEE 1 UORE BRI 1R, X AT RL
F5 WS R A 5 AN T) KT BE AR 55 /NS i o, 8 (1)
A, AT A% BT X A A58 3 BB AN [R)AT i Ak
A5/ INE P R P S M A 28 T BT PN 25 1S
A S AS /NGRS e B R R R R A 5 4
PR SR AT/ Nt I e O XT LL, A3 B 2R KT
XA 2 T R DA (DA /NG P i g P S ) 52
1.3 I\

KA SPSS 19. 0 #EA T8I SE i1, A5/ ekt
RO A A AR T AT R, R U A R S
Bl PN -5 A 28000 S B 7 25 /N e i g, PR B3 i SR FH ¢
K9 ik A7 22 57 W B MGG s AR ALK HE RS [R)AT w5
A/NERI IR S R HUTAT IR 25 m NI 5 AT
KT PR AR A5 /N Al MBSt 22 )R P LSD ik A 722
Sl E PR

2 BERE5HM

2.1 FHRFEIEITZFNR IR IPFNE R A K A0
FE LED YGIR I HES R, A /NGt i o (1 #%
21 31 41 SR R P IAr5) 8.13.3.75.2.38
2.00,1.38 F110.88 d, 5745 X B 22 AN I 3 s A/ e
TR0 1 2 % 3 4 S I Al R AR TS SR A N
99.50% .92.13% .70.25% . 85.03% 1 85.68% , 525 [
X R 2 S AN I 3 5 A5/ INge i s DA BT A8 Sy A T A
18.5 d, M T X FR A% 17.63 d, M 1 75 Hu A8 g i e
(I FE 1 35K 46.85% , BEAIL T X R 48.03%, (HIY 5
25 IR IR 28 5O 3, U R AR i HOGITR XA/
gt gE AT R AE R TE R S (R 1) .
2.2 KTEEFAAT S XFFC/INGR T8 B, R = AU R M
2.2.1 ITIEXPIT R SRet s, kA 2 A YR
Bl T R A K, 2% HUKT NS /N i i e
VAR R M. KTHE 10 m AL, 255 /NGt p o i)
SR R 0Tk 45.89 3k s KT HE 60 m &b % /NS i i
AR R 1.56 3k, AR 10 m 4B 1K) 3.4% .
BRATHE 20 cm Z1, Hog kTR A5 /NS i Il i 1475
TSR KT = B RE n E  , Hoh THE 40 m
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AL KT 15 40 ecm A1 20 em A4S /INEg I W s HE ) 754 5.78,df=2,P=0.04) , o ATHE T, 3 R AT B A A8 AT
S 10333k A117.67 3k, B Z R ER B E (F= NS/ NG il S Y T B 22 57 (1) .
F 1 FHEEX E/NG A 5P o A K HA T E R B0

Table 1 Effects of LED light source on developmental durations of eggs and nymphs of Empoasca onukii and survival rate

e JJi 3] Duration (d) 1715 % Survival rate (%)
Instar LED LR 2 FUH T LED LA 25 FUH TR
LED light source Blank control LED light source Blank control
§RIY Egg 8.13+0.24 a 8.00+0.20 a - -
1 %5 . 1st instar 3.75+0.85 a 3.25+0.48 a 99.50+0.50 a 99.75+0.25 a
2 %4 B 2nd instar 2.38+0.38 a 2.25+0.32 a 92.13+0.88 a 92.63+0.55 a
344 1 3rd instar 2.00+0.41 a 1.63£0.47 a 70.25+0.99 a 69.60+2.57 a
4 %47 1 4th instar 1.384¢0.24 a 1.50+£0.20 a 85.03+1.91 a 86.80+1.76 a
544 L 5th instar 0.88+0.24 a 1.00£0.20 a 85.68+2.05 a 86.20+2.31 a
ST Total 18.50+1.10 a 17.63+0.75 a 46.85+1.17 a 48.03x1.81a

T EAE R R . AT AR PR R & R B0 A B0 7E P<0.05 /K22 57 5 3% . Data are mean+SE. Different let-

ters in the same row indicate significant difference at P<0.05 level by ¢ test.
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Fig. 1 Captures of Empoasca onukii adults at different lamp distances and heights
R R P bR . AHRVTHE R A [ RE 2R 28 LSD AR I 7E P<0.05 /K P2 5 8. 3% . Data are mean+SE. Differ-

ent letters at the same lamp distance indicate significant difference at P<0.05 level by LSD test.

2.2.2 T EBAIT R R RIS E 0 Ha AR LA SRR S R/ N KT R 20~40 cm
AT g HE A BT 2/ IV R RS KT I, R BRI W sk ) S AT A S
A B ARNEANSG RIS T 094, BEEIT AT O 58.17 m, FHiFA P 0 30.41 m, PRy % B
BN, 2R BT I/ N R A S RE R i SRR 23.86 m(3R2).
R2 FEISERBITERZ NG R FRUEHEE E R PEEMERESERS
Table 2 Effective insect-killing distance, median trapping distance and golden trapping distance of light traps

at different lamp heights to Empoasca onukii adults

- N A PR €l ienEl AR B W A B
ar=1 G I Effoctive | illing di Modi . Gold }
Lamp height (cm) Fitting equation ective msect-killing dis- edian trapping olden trapping
tance (m) distance (m) distance (m)
20 1=59.71-1.15x(R*=0.98) 59.71 31.05 24.29
30 1=58.17-1.11x(R*=0.94) 58.17 30.44 23.90
40 1=56.61-1.07x(R*=0.97) 56.61 29.75 23.41
FHH Mean - 58.17 30.41 23.86

v JTHE x:0 AFEAT S AU FATEEALS T AT N R AT/ NG Wi i B R L. y: The lamp distance; x: the ratio

of captures in light trap to the total number of released E. onukii adults at the different lamp distance and lamp height.



906 LR/

[ 464

2.3 FHRATISZE R ZE/NGR I s Y, FR A2 O B2 Ml
2.3.1 AR R HRITE R RIS e 6 R
TG T LRI AN [T R A 25 /NG W fry jfg e 45
TR E 25 (20164F,F=0.67,df=4,P=0.62;2017 4,
F=0.53,df=4,P=0.72) , BEA& I [RIHERS AN [ AT BE AR 2%
INEg IR R R TR GRS . 2016 4,9 H 2 H
JTHE 5 m &b 25/ NGt i g R 38 ek 31 5 AN AT BR
R, S 14.003%,9 A 9 H R[EET R 4/ hag
g R RSO T U B N 3 25 L AT I 20 m A% /e
- 0 B B B T AT IR 10 m A 25 m Ak (F=

404 2016

304

204

=
]

0.35,df=4,P=0.03),9 A 28 H F-UCH I B 5255 47
P 5 m A1 10 m Ab A5/ NG Al e i ) 25 /5 T T HE
15,20 #1125 m Ab 25 /N i i B R 8 B (F=4.82, df=
4,P=0.01)., 20174F,9 A 9 HATHi 5 m Z5/Nagnf bk
BB Rk B S TR B KA, R 24303k,
HORRIAT ¥ 2 18] 25 55 i 2% (F=10.03 , df=4, P<0.01),
Bl KT RS il R A s Bk 9 H 28 H .10 A
9 H .10 A 18 H .10 A 21 HAb, AS[RJET I it de #h i 1y
P B EE— L E 10 A 27 H (F=5.23,df-4,P=
0.01,42),

—e— JTEES m Lamp distance at 5 m

—o— THA10 m Lamp distance at 10 m

—v— {THH15 m Lamp distance at 15 m

—— {TFE20 m Lamp distance at 20 m
—=— {THH25 m Lamp distance at 25 m

R E No. of adults

232 XA AL E NI G R F 0 Y
RIS AR B, AS[R)KT FE AL S /N i W 1 o e 4
L 25% (2016 4F, =-0.31,df=23.00, P=0.76;
2017 4F,=-1.77,df=23.00, P=0.09) , 2016 4F, 4T IF
25 m NAIXTEE 120 mAb s /et il s s 19 A
15 H - 4h B 3% 22 5 (=-2.33, df=23.00, P=
0.03) , Z5 /N i i Bl e e 7 10 H 2 H Ak Bl e K
B, KT HE 25 m P25 /NG - i B R 50 A TR 120 m
Ab 1 49.5% (=-3.32,df=4.26 ,P=0.03) ,10 A 21 H —
HHREER (=-2.51,df-4.15,P=0.06) . 2017 4F,
JTHE 25 m N AT IE 120 m &b 2% /)N g i i g oh 0

Se
T T T T T T T T T T T T T T T T

v N A OO T XX AN L O T R AN O TR =

aaa o o = = —~ o a (‘? S O —~ = a a a o o

(=== e N =2 = R R e e e = e e I —

e e e e e T B

HH#8 (B-H) Date (month-day)
B2 AEATEEZ /NG MR RE BT RES
Fig. 2 Changes of number of Empoasca onukii adults at different lamp distances
B s R B bR R . * RN 28 LSD LKL IO TE P<0.05 7K F-22 5 13 . Data are mean+SE. * indicates significant dif-
ference at P<0.05 level by LSD test.

T 9 H 12 HIF46 H 88 5 3% 25 5 (=-3.16, df=23.00,
P<0.01) , ATHE 25 m P B HUEC AT BE 120 m AR 7Y
52.6%, %7 R ERFEEE 9 H 18 H (=-2.57, df=
23.00,P=0.02), 10 H 21 H A5/INg I 0t 5l OB 34
B e RAE, & Z O 3 35 22 55, HATEE
25 m P HUBCER R AT HE 120 m AR 64.4% (=-2.41,
df=23.00,P=0.02),10 A 27 H —FH Z A L i & 2= 7
(t=-2.57,df=23.00,P=0.02,813), FH] LED X
A& HUKT X255 el PR 2% /NS Pt ol R BS54 1
YEH
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404
*
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L, 207
3 10
[
S0
2 i N A O O T 0NN O O T NN O 0 =
[N I o I RN T e o\ B o | nToO O —~ = &N o o O
i o % & & & & A& & ddDSDSSSS = =
£
H
&)

8-294
9-02

B e e = B = e

H# (H-H) Date (month-day)
[E 3 ATEE 25 m F1120 m &b ZS/NGRIHHE AL B ST B

Fig. 3 Changes of number of Empoasca onukii adults within 25 m and at 120 m lamp distances
B B A - IR bR R o * FRE KRR IR AE P<0.05 /K225 23 . Data are mean+SE. * indicates significant dif-

ference at P<0.05 level by 7 test.

3 itit

TERESNR R R T, R R7EF £ LA K
KRB REA AR & B 5 X RS R G R
(ARPESE,2017) , (o FH 2% HOAT 2 o2 P ] DX A
YA, o B B A R TE RS2 e . BRI Y
AR 2 R — e B U AR KR B RS, i R
AR TF S Z0 WK Athetis lepigone WK & B FIE
B (SR T 524 ,2018) . B AR 14 2 R v
FEI R R R 04, AN R Gryllus bimaculatus 1)
S JE A 2456 JE 4% (Komada et al., 2015) , S5 JE
Yy 2% 6 A #5845 (Hanai & Ishida,2009) . {H &
AR A AR 25 B i AR KR B RN
URRAE 5 (2016 TR 45 SRR 7T FDLRIZE
JCARFR A WG RE 2 AR AT /NG i 1 1Y) B
fhi . AWFFE 455 B LED KU =% HUAkT 19175
JEURXT 25 /NG i WL G L He 0 AR KT W 35 ) , ]
B DR A KT () R A R 5550, NS 45 /N g
WA KRB R . A AR R BoR A/
R R SRS AL b AT R IR T 50% , AT REJA
PR K B AR He R 825 AR NI 2 1 1

FRER R R E SR, S EIMEE (201 2) A FARL.
H A A R I R AR AT F A HoR
20 RV A BUKT H )26 (R FE A 2 5 48 b, T LA
AT LT BEXTET PN 75 L 04 52 M R PPA % BT T B
i HPRBYA BRIV E N ST HOBTRA 0%
i B8 2, INFE A =45 (2011) 38 i AH S A
5% B R HUKT X RSO 1 Spodoptera litura FIEH =
P S. exigua B R HIFE 5537124 108.1.,107.8 m,
JHEEARAE (2013 ) BFFE A BRI KT X S A0 2R I 1) 175 4
B AR 3] 180 m, FLAEA: 55 (2013) B A i 4k =X 5%
HUET X MR 48 B Helicoverpa armigera B4 75 il A
110 m, Jf H ik SERfF5R 45 SR I4 R WI tE 1T R A3 s
TR, SAMIRES R —8 R, %
HOGIE RS R 5 BE X 2 0 IR 254 AT
RE T O A5 A BRARRIE AT OC (R SCRAE, 2011) , e
T B B RATRE T Y 25 S B HULT P SR R M Ly-
mantria dispar i FECE ) 25 5 T HE RUECE (B R P
55,2007 ) 5 B A5 ()38 KRG SR8 Drosophila mela-
nogaster B GIE 22 %K (Le Bourg & Badia, 1995) .
Venter et al.(2009) F1Z= 7 255 (201 1) WFFE 45 2R 3L W]
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Bl 5 KT v R AT, 2% HUAT X R 68 Culicoides spp. M
RS R R 1 A e R e AN
4 SRR I KT FE R A 20 m 5 A5 /NG - 5 4l 2 ]
BELT e B T REAR . ASBIFFE 45 538 3 B LED K
W R UKD X A% /N i i ) A s il B /N 3
Al RS HRATRE I AN s 5 A o (A 4%
2004; 1455 ,2014) ¢

HRAESEAF (2018) K R BT B 6 A5 el
/NG e PTG SR ] I 84% , BB R HUKT XS
A/NGgn AT B I E T, S AT 4
— 3, AHITX B E A REEN, T RENE
AU RBE B AR K, 25 BT H V% BEas , I2
SR O (FE2E5EAE,2011) , W R AT
ST A (2014) SR R KT B 6 /KRS 3 AU & BE, 4R
KTF (ARG B A 1 D9 2 A il s L 29 T HE 150 m 4k
() 4485 . ASBIFSE 45 S R BN R) KT HE Ab 2 /NG i it
AR S SR KT HE 5 m b 2% /NG R R
R R R AR EAE, KTHE 5 m A1 10 m &b sk R
F14) 158 DAL A I 3% H KT 6 2% /N - o
HRAERE ST, I HLR HkT KU () 4l s 2, B 1k
HPIRIG AT T A/ N g o

LED R 20 HUKT B AR BE A% 8 25 A5 el Y
A /NG I B P B (R AR A v i LED XU
R HUKT A 2008 I R PN 5 /g e 8 i A AR AR
15, 28 AR EE A HUKT ME AR A /NGl R
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