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Effects of yellow LED light of different intensity on the development
and reproduction of Ectropis grisescens Warren
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Abstract [Objectives] To compare the effect of different intensities of yellow LED light on the development of Ectropis
grisescens Warren, and thereby provide a theoretical basis for the environmentally-friendly prevention and control of this pest.
[Methods] Fifth generation first instar larvae were reared on fresh leaves and randomly assigned to one of 5 yellow-light
treatment groups plus a control group, with 80 larvae in each group. During the day (7:00-19:00) all treatment groups were
subject to 12 h illumination from an ordinary fluorescent lamp (150-200 Ix). During the night (19:00-7:00) the five treatment
groups were exposed to different intensities (17, 27, 37, 40, 80 and 120 Ix) of yellow light (590-600 nm) for 12 h, while the
control group was kept in darkness over the same period. The larval period duration, survival rate, pupal weight, adult
emergence rate, pre-oviposition period, duration of oviposition, female fecundity, adult longevity and hatching rate, of each

group, were measured and compared. [Results] The larval period and survival rate of the 120 Ix treatment group were
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significantly longer (13.28 d) than those of the control group, the survival rate significantly lower (1%), and fourth and fifth

instar larvae pupated later. The intensity of yellow light significantly affected the eclosion rate, female fecundity and duration

of oviposition; these parameters were 50%, 34.68% and 3.14 d lower, respectively, in the 120 Ix treatment group than in the

control group. The hatching rate in all treatment groups was lower than in the control group; 83.77%, 82% and 86.89% lower,

respectively in the 40, 80 and 120 Ix treatment groups. [Conclusion] Exposure to 40, 80 and 120 Ix yellow LED light

significantly reduced the adult longevity, emergence rate, female fecundity and hatching rate of E. grisescens, and prolonged

larval development. These results suggest that yellow LED lights could be an environmentally-friendly way of controlling E.

grisescens in tea plantations.
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JRZ% RLI# Ectropis grisescens Warren Jg fiff %1
H Lepidoptera, )R}, J& 3% [F 5% el 32283 du( o
TREAE, 2020), HAMETEE)T, &R HRK
AW RAE (FERS, 2021), HEER, %
PR, LA MU AR 4R o, Kk
A B AR Rz, ORI AR R L R
FEENEK (Lietal., 2019; FFH%%, 2021), H
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FE RIS . EICAE (2017) WESE R R,
Py 365 nm Fl 380 nm HIEEAMSEXHMER H
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Spodoptera exigua Hiibner A= BI& | 7= 51 77 1]
IR H 7y J SR 0 R 7 IR FH O BRBiR
80 Ix MY IGCEREROGHRSS 10 h, b 57 I
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SR, TEE {0 LED AN[R]G IR 58 BE R X s Rt
A B B BB R ] v oA DL
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1.3 REF*

131 BEXARRBEEXRERIEL HAE
M ¥ LED 425 FARE( 45 cmx45.2 cmx37 cm )
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IR (7:00-19:00 ) 58 HYEAT (150-200 1x ) $74E
HESF 12 h, 720E] (19:00-7:00 ) £ 12 h,
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f3.68d, HE#Em XA (2.61d), BV
99 Bt 2 O BECSR BE Y 1S 0 S 2 T 3 ) B
(F=18.42, df;=6, df,=553, P<0.001), 5%}
HAHEL, ZOEREERAE 37, 40, 80 FI 120 Ix Ab¥
1y 2 W s kT I SR IR 2R E, HWE
a1 B4l (F=18.42, df=6, df,=553,
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LbEREITC2ZE S, PUET 120 Ix A0 BR, HoE X
20 (1.60d)(F=7.12, df;=6, df,=553, P<0.001 ),
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Table 1  Influence of light intensity on development duration of larvae of Ectropis grisescens
JEHEGRIE (1x) 1% 2 i 3 i 4 1% 5 i ST

Light intensity (Ix) 1st instar 2nd instar 3rd instar 4th instar Sth instar Total duration
17 2.62+0.06d 1.26+0.07d 2.26+0.12b 1.60+0.13bc  2.62+0.17b 11.30+0.53bc
27 2.76+0.08d 1.45+0.08d 2.37+0.10b 1.97+0.15ab  2.75+0.22ab  11.57+0.43bc
37 2.88+0.10cd 1.77£0.06¢ 2.3840.10b 2.16£0.13a  2.81+0.14ab  11.71+0.43b
40 3.15+0.15bc 1.86+0.17bc 2.4340.13b 2.18+0.11a 2.97+0.16ab  12.20+0.38ab
80 3.32+0.16b 2.08+0.09b 2.554+0.15ab 2.28+0.13a 3.08+0.19ab  12.77+0.49ab
120 3.68+0.12a 2.45+0.13a 2.86+0.18a 2.3240.11a 3.23+0.17a 13.28+0.43a
CK 2.61+0.07d 1.20+0.08d 1.60+0.16¢ 1.53+0.16¢ 1.83+0.19¢ 10.62+0.71¢

PR BELbR R, RSB S bR A A [R)/NG TR A B 22 5 2 (P<0.05, PRI 220007 ). T KA.
Data in the table are mean = SE, and followed by different lowercase letters indicate significant differences between
treatments (P<0.05, One-way analysis of variance). The same below.

W, 37, 40, 80 Al 120 Ix [ LR EIEE S,
PIWEET 17 I Ab3, A0 50 AL
BEM 2R (F=5.47, df;=6, df,=553, P<0.001 ),
Y HGRE] S WET, FEE GRS, AT
DB AE A, 5 AL 34 550 BR A 2 S 3k i 25K
S (F=6.18, dfi=6, df,=553, P<0.01), 47t
KB PRI R 17 1x 127 Ix S5XF R
W EMEZES, ROLIRE 37, 40, 80 F1 120
Ix 2 BUE B i S AL e g e, OF
Bl 't BRSO 1S i SE G ( F=4.18, dfi=6,
df,=553, P<0.001 ).

2.2 JeHREEXRF REEHER RN

R 2 EXARESLEREEXRE RIEHESENIT
Table 2 Influence of light intensity on pupal weight of
Ectropis grisescens

N n
Light intensity (Ix) Pupa weight of Pupa weight of
& Y female (g) male (g)
17 0.10£0.003a 0.08+0.003c¢
27 0.11+0.005a 0.08+0.004c¢
37 0.11£0.002a 0.08+0.002¢c
40 0.11+0.003a 0.09+0.004ab
80 0.11+0.006a 0.09+0.005ab
120 0.09+£0.006a 0.09+0.007ab
CK 0.11+0.004a 0.10£0.002a
df;=14, P<0.05), FEECIGEERHIIN, B

AN TR) S FR iR B ) ' 2 5 i) K A IR e
If & (F=2.19, dfj=6, df,=98, P<0.01) (% 2),
AR EE S 40,80 FI 120 Ix B, HERHEE 124 0.09
g, SYCHRSREE N 17, 27 F 37 Ix HMENH EAEAE
MR, A5x4 (0.10g) T BZESR,
SCHESREE N 17,27 1 37 Ix AbFH ) i i 1 5 %) 1R
Y AFAE S 2 25 S o M S 2 OO R R
A% (F=1.22, df=6, df,=98, P=0.01),

23 RRBENKIFRERBALRHRIN

HITEL 1 AT RUA Y, ARG BEGR B2 A BB K
A RUE R HOMAL AT B (F=9.96, df=6,

LR BB T RERS . SXTIRAL (96% ) ML,
SCHRSREE K 17, 37 1 40 Ix OGNS, M
L5 R 73% . T6%H1 76%, A1 B EMEES
(F=9.96, dfi=6, df,=14, P<0.05); Z-FH 80 Ix
1120 Ix @Y HCPIEER S5 50%F1 46%, H
550} BRAFTEM 35 25 5% (F=9.96, df=6, df,=14,
P<0.05), 4AbFEy 27 Ix i, 5% IEZH T
%5 (F=9.96, df=6, df,=14, P=0.07), #t
AbEETE] 17, 27, 37 A1 40 1x 5 80 Ix Fl 120 Ix
HAEREMEZSR (F=9.96, dfi=6, df,=14,
P<0.05 )
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Fig. 1 Influence of light intensity on emergence rate of
adult of Ectropis grisescens

FE_EAR A AN F/ING AR R A PR 22 57 I
(P<0.05, HEHEZEHT 25T ). K 41F .

Histograms with different lowercase letters indicate
significant differences between treatments (P<0.05,
One-way analysis of variance). The same as Fig. 4.

24 RRBREXNRIZRIE 4 #8750 5 iR AEFEE
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HE 2 FTLUE S, BEE AL BESREE A3, K
AR 4 W40 U AE TR 2 R RS, Bt A
T, SXTRRAIA L, JEREEREE R 80 1x I
120 Ix AbFEAYT 4 184 NS 4 RIF U AETE 50
T, HeXHRAEHER 3 d R S . TG IR
F371x 17 Ix SXA TR EER (F=3.23,
df,=6, df,=98, P=0.61),

HE 3 FTLUE T, BEECRBREE AR, K
25U 5 84 WAFTE R 2 R G S5 R4 A
Eb, ZbEESR 120 1x 19 S 84N 3 KPR, 17
TERIBHIEAL, 25 8 RETRASE, X
IR 5 d R

2.5 JEHRIBEEXRF RIER B 5 pI R

e 3 TN, BOGAS ] R B I s R
W A A B RE . 17, 27 F1 37 Ix s AL
PHE] Y A A 22 SN 2, H S0 IR T i 2
25, 5120 Ix MHEE, HMER GG T 3.44d,
HER W, 540 1x F180 Ix Zb3H ) 2% FoRN i 2
SXFRAAHL, MOGRERE R 120 Ix B, #iR 7
AT 3.8 d, RICNZERWMEBE, MR
FEH 40 Ix A1 80 Ix B, — 3 2 [a] & 5 g E AL T

—— 17x =w 27Ix
—4— 37 Ix % 401x
—x— 801x o 1201x

AR (%)
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fif ] (d) Time (d)

B2 XEREXNKFRIE4HHAFERNZM
Fig. 2 Influence of light intensity on the survival rate
of the 4th instar larvae of Ectropis grisescens
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90_ +171x —a— 37 Ix

- 401x —e 1201x

—+—CK —=80Ix
—» 27 1Ix

BiEZE (%)

Survival rate (%)

—_ N W Bt O
=

1 23 45678 9 101112
fif7e] (d) Time (d)

B3 REEEXMKIRIES B RFEIRNZM
Fig. 3 Influence of light intensity on survival rate of
5th instar larvae of Ectropis grisescens

A —/KF; MR Har b 4 T 2.6 d, &
6] %% 0¥ (F=6.34, df=6, df,=98, P<0.01),

T bR 27 Ix AP S X To2E AN, H
TALFRE 5 IR ] 2 5 W (F=6.22, dfi=6,
df,=98, P<0.01), 17. 27 F137 Ix =FZ A L
FEFERE; 40, 80 F1 120 Ix AbFH ] JC i 31k
25, 40 Ix IR MER Far i 17, 27 #1137 Ix
FR Rt AR A B4R T 3.1, 3.3 F12.5 d, 80 Ix
b 17, 27 #1137 Ix B9 G 540 T 3.4,
3.6 f12.8d, ZHiLEEKY (F=731, df=6,
df,=98, P<0.01 ), 40 Ix A1 80 Ix Ab B 5 X} B £ AH
o, HEEREMaN4EE T 5.9dfM6.2d, 257
K EKE (F=5.26, dfi=6, df,=98, P<0.01),

2.6 SeHRSEEXRF RIEM BRI, 700
FrEAFn;= DP B A % I

A TA] O i B2 AR RS A B 28 RO i A 7
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R 3 OLIROEREX K E RER BRI R0

Table 3 Influence of light intensity on adult longevity
of Ectropis grisescens
JEIRSRE (1x) e el
Light intensity (Ix) Female Male
17 6.86+0.52ab 7.46£1.17b
27 6.33+0.65ab 7.66%1.14ab
37 7.00+0.62ab 6.86+1.24bc
40 5.00£0.75bc 4.33+0.67cd
80 5.00+0.68bc 4.06+0.70d
120 3.46+0.56¢ 3.86+0.69d
CK 7.26+0.85a 10.26+0.76a

BURTHE, B 17 Ix FI 120 Ix AbFH[E] 255 B EAh
(F=1.43, df,=6, df,=98, P<0.01), H & i3
KERARBE, 17, 27 1 37 Ix LB % I ) =
Bp DI BB s s, RSB EEER
(F=2.89, dfi=6, df,=98, P=0.25), Jt:[Ri%
37, 40, 80 Fl 120 Ix W= BR IR, H
Y5 RRA Y 25 Rk KR, 120 1x ARFE
77 ORI I A, BN BR A 3.1 d( F=2.89, df =6,
df,=98, P<0.01 ). KA RUME R HLY 7 O i fifi 75

Ab FHGR BE 0BG I 2 0 T R A, A Ab Yy
5%} HR 2% F ik i 2 K OF (F=3.62, dfi=6, df,=98,
P<0.05), JEIRSRE N 17, 27, 37 F1 40 Ix 177
IR E 2R, B 40 Ix AFEAN, 5 80 Ix
120 1x Kb 2 508 WK (F=3.16,
df;=6, df,=98, P<0.01 ), XJ HEZH ()™ b & d5e 5
SF-$4) B4 E 7 B AR T 3k 495.60 KL, W E T 40,
80 1 120 Ix AbFELH Y/~ Ol it ( F=4.26, df=6,
df,=98, P<0.01) (% 4),

2.7 RRRIEEX K REPIFL R HI RN

M E 4 ATLAE Y, B CREGREE 3G I, o
AL R BT N A, HN R K A% RO D g
R g 2 T AL FEA (F=32.26, dfi=6, df,=56,
P<0.01 ), LI 120 Ix AbEEF A 50 5% 1k R 5 %
(0.4% ). SXFREAHEL, £ b3 BRI LR 53 5]
TFET 44.66% .60.89% .56.66% .83.77% .82.00%
1 86.89%, P EM2ES (F=32.26, df=6,
df,=56, P<0.01), JEIESREE R 40, 80 A1 120 Ix
PR R 5 17, 27 1 37 Ix MEREBFH
(F=32.26, dfi=6, df,=56, P<0.01 ),

R4 SEIRSEEX IR E RAERY B ™= IR B9 #500

Table 4

Influence of light intensity on oviposition of adults of Ectropis grisescens

JEREsRE (1x)
Light intensity (1x)

PR (CRL)
Fecundity (grain)

FEHIHT (d)

Pre-oviposition period (d)

PRI (d)
Spawning time (d)

17 397.334+56.86b
27 362.46+41.23b
37 355.60+27.10b
40 321.40+41.37bc
80 293.73+61.34c
120 223.73+43.58¢
CK 495.60+31.06a

1.46+0.16a 5.3340.65ab
1.13+0.09ab 4.73+0.44ab
1.20+0.17ab 4.40+0.54abc
1.13£0.09ab 3.93+0.62bc
1.13+0.09ab 3.60+0.68¢
1.00+£0.09b 3.06+0.56¢
1.13+£0.09ab 6.20+0.81a

3 #Hit5iig

5B HOR BUT AR, BOERS0E 3 2 i 5
i 3 HE B e S AT D9 6 3 L A3 AT R P AR
B AR EHIHA S =R (Allada and Chung,
2010; Cara and Jones, 2013; Qiao et al., 2021b ),

R[] el FH — 2 P 4 B KT X A T M s 1) &2 IR
A B A ROSCR , R ACBE . B, B
e Ak Ko i H 5 A G S AT 2 ( Paris et al.,

2017 )o AWFFE R T 6 FNFDEIEGE B LED B
JeAbERF L 40, 80 il 120 Ix AU LA FEXT K
A% U A5 77 190 5 Wil K o 3 2o s R A B/ 19
AL dUE B BT K, 4 80 S W4l i
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4 SeEREER RS REMMRL XN
Fig. 4 Influence of light intensity on egg hatching
rate of Ectropis grisescens

IR AR, MRS | A R R ORI R
REATR S 48 1 KA RO ol L 1) 77 B £ K 7™ B0 g
199, (DN BRI AR BE R AT, X i R s R
PRSI A RAER, Ak s p i H
o AR ER A, ) 2AE R H A o F R X AN ] 35
Ko R A%# EAR T ( Ghadireh and
Mohammad, 2009 ), AYGHEEREEAE 10-100 1x X
[B]E, fasrElH Propylaea japonica MEPEFh A4
SR THEMEREE, JGIREREEAE 100-1 000 1x X
[, HEPERP R OGRS TR AR (Y,
2019), EHLETRHERRE 6 h DL (K
565-585 nm ) AS[EDGHREE LRSS 30 min J5, M
HOESGHE R E & TR Ol a4, 2021 ), A
58 DR 255 RUMEE 4955 &0 W& & 1 00 S AR 22 2
HEIR RS, Ho RS O HR SR B 3 i 5 0 e 2=
W, BB (2018 ) MRS LR EOLE
FESREE N 1 000 Ix MRS, /KRG TR N
Caenorhabditis elegans 2 #44) it i) #4615 %6} 1R
HIFTEH 2R, AF 3 1A 4 BB
i TN IR, X AT g SO IR B 1 iR E AN R
K, AT B 5 AN [R] R HUG G HR 5 B Y S WA A 22
SRR G, SRR R B OGRS, S RO
W EE R R AR, MR EAEAOE IR N &
WD, X2 R 25 (2020) BHRERIAL
T W AEAN [F) 6 J A BT i 2 AR f R AR, K
2% RUBEE i A2 500 B R R /1N o 28 80 1x AT 120 1x
AL RS, AT RUE 4 {8 S I 4y d A7
TG, O IR IE AT — 8, HOKZR
JUME R B D A R, PR BRI SRR

REE. 517, 27 #1137 Ix {ROCEREEAH L,
40, 80 1 120 Ix =5 )t HR G B X K 2% RUBEE (%) 148
BES AL NN o IR E S A YIS
Rk PRI AT, X S5 ETA (3 H B
4% 2020a, 2020b; FRFI%E, 2020, 2021) A
DTSR M | el B A g RIS RUMEE P AF 9T 45
R—E

Bl 25 AR IR R, AT R ARG AT
R I S A HERRR R E VR . AR S
W FE 25 F R A A 7= v B AT (R Bt 55 0 4
BRI S % = b, dUUN 1 igh B TF iR IR
SO, (BETARE LM, 6% 8 IR
U S D R SRS (] LR B TP A ROR, T
HE—2 IR ABEGE
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