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Predatory responses of Chrysoperla sinica (Tjeder) larvaeto
Spodoptera frugiperda (J. E. Smith) eggs and larvae
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Abstract [Objectives] To investigate the potential of Chrysoperla sinica to act as a biological control for Spodoptera
frugiperda eggs and larvae. [Methods] Predatory responses of C. sinica to S. frugiperda eggs and larvae were measured at
(25+1) °C under laboratory conditions. [Results] Predatory responses of all larval stages of C. sinica were of the Holling
Il type, and al had high reliability. The theoretical daily maximum predation rate, instantaneous attack rate and processing
time of third instar C. sinica larvae on S. frugiperda eggs were 192, 1.06 and 0.005 d, respectively, whereas those of 1st instar
larvae were 166.7, 0.889 and 0.006 d, respectively. The interaction coefficients of 1st, 2nd and 3rd instar larvae to S.
frugiperda eggs were 0.184, 0.260 and 0.224, respectively. The interference effect was significantly smaller in first and second
instar larvae, which indicates that C. sinica can effectively control S. frugiperda eggs. [Conclusion] The results show that C.
sinica is apotential biological control agent for the eggs and 1st and 2nd instars of S. frugiperda.
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H ST, Spodoptera fiugiperda (J. E. Smith)  J& T#§# H Lepidoptera, #ik#} Noctuidae, H

* B B0 H Supported projects: Ak ¥ [ F A& RIS LI (2017YFD0201000 ); 6 48 4 /NFE AR AR 2 0 ite £ AR 4 i 7t 5
7878 (2017YFD0201705 )

** i — ¥ First author, E-mail: 642213689@qg.com

*** Wil /E# Corresponding author, E-mail: chenzz@sdau.edu.cn

WeHS H 1) Received: 2020-06-01; %% H Y Accepted: 2020-08-21



- 1334 -

R HEE 2R Chinese Journal of Applied Entomology 57 %

— At A 2 a R L, XA PR AR
ZERE ERL EHEFE AR TSRS
FEEEYER TE RMWLFER K (Lu and
Adang, 1996). WHHAAmHEIT €Ik, A
2018 ‘FIRFEKRE amEa R ABE (FIHEES,
2019), & TS 21 M4 (XIAS5F, 2020),
FF A FE A UEAE N A 18 48k B 53 Ik o
WX, HAeE A 12.09% (Wang et al.,
2020 ), BEER VLI 1 AR 2 AR AL iy dbiE
K, AR P EARIEER . I A K
XA F R ZH (Wu et al., 2019), 44
B ¥ 2 3 LRSS G v X 5 S ) e/ B B IR
FB, HAS A2k A 24 5% B4 55 )
(Batra, 1982). [E WA= #1T T KEMAFSR
R B ST A WY B HOR AL 45 A IR
Y. YRR LS . BURLRURIR R B, Ramos
£E (2020) FIH E{ET Beauveria bassiana Fl%k
{8 Metarhizium anisopliae 1F WA W HE LK
FEAR b XSS e BLHOG B b S ik 2 i 4y AT A
GBI IR OR o R AR A 0 T A Chelonus
bifoveolatus ( Agboyi et al., 2020 ). [hEEH 5
Rtk R Bp i
Telenomus remus ( De Queiroz et al., 2019; Liao
etal., 2019; Sisay etal., 2019), % d %45+
R B Coceygidum luteum ( Agboyi et al.,
2019, 2020 ). £E 444 Cotesia icipe( Sisay et al.,
2019 ), IR Coceygidium melleum . FHESY H
WIS WY Campoletis chlorideae M 8438 27 W
Exorista sorbillans ( Sharanabasappaet al., 2019)
SRR R IR B B A R A AR ROR il
BYERE\BEMEL K Harmonia octomaculata |
R Coccinella transversalis ( Sharanabasappa
et al., 2019 ) FIIEH| 2545 Podisus nigrispinus
( Malaquias et al., 2014 ) 51 [E M K P25
by SR ) R AR R DUUEIPOET NEX PN
g% Arma chinensis ( FEZ 085, 2019), 70
SN Harmonia axyridis ( X 9E75%% , 2019; 2020;
XA 45 %, 2020 ). £ B Bl H Coccinella
septempunctata ( fLIKSE, 2019a). i 8CH M
Propylaea japonica (#4925, 2020), £ 554

W& Chelonus curvimaculatus .

Adonia variegata ( fL¥EF, 20190 ) M K %
Chrysopa pallens ( #PRE 55, 2019 ) 45X B 77
PR B B DI RE RN #E 4T T RIMIESE, LIPEH K
FR 45 TR o

i AESE B Chrysoperla sinica Tjeder 1£3%
s fEne sk, iesk. B
SR RABIHK, BAEZENAEDME. A
H AR B TR A | B L R A TR
Y LR ZRhE R, AN wE | AR . FOREE | SLF
HHIST | BRI, 5 A XA 1 3 S SR 2 A A
GFIFERIROR (T AECRBR R, 19865 %MK
85, 2002). Fi AR IR B 2 R0 E R
AHEMEN, Wk EE ., B3 @) D5 (AR
SEGIAE, 2006 ), AT H AR IE RS X B b B
MR FERE S, AR Holling 11 B fE Sz i
B (Holling, 1959 ) X w1 Fi i %I 1] 4y AU RS
e, BRI I B ARG U 4 S A T e B N R AT
PG, UG 3R] b A 2 17 36 5 51
I 2 RV A AR 4% o

1 #MHRE5ERE
1.1 g5RAiE

rh AR B S N TS (R
25°C, L. L:D=15:9, RH=60%) M
KA SR R AP, 4 TR TR A4S P RSk A i
Wi GBI Megoura japonica Matsumura, iz
AR RS 1, 2 F1 34 RHIER AF 2 d
FI4 R, DURALBE 24 h J5 5056 .

T TR T 2019 4 8 H H IR A I AR ok
BB EOK A IR A, SR ATR
N Bt A 80 HIFRHZE (60 cmx
60 cmx60 cm ), FEABTEE FORME &Y, Ik
£ 1 HIBIA 1% 284 i & . R Hb SR bk
1 U K 25 0 I A S5 8 O TA 2 5 M T A
(2019),

12 FR4eiE B ae4h B ot B i £F AU B A0 4 Y
R ThRE I B2

TEREFRIL (=98 mm, h=18 mm) Hjilt A
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IR BRI IR DRASF R, A5 AN [ 25 JBE 114 e 3t 5 73 MG
BN, 1A 2 B4 B 545 1 Sk R ARl RS A
RIS B 4 LA 5 T SR L, DB e A
ORI o v A R0 4 LS e i B0

GRS R G AR Lo MG RILE T (25+1)
°C. RH=75%. L : D=16: 8 fyas<imamkt, LA
PRS0 1] ] B8 4 AR il AR L
HALBEE 5K, 24h KA YR AR

F1 HEBERHHEEHRRBEIMYHAERZTELS
Tablel Different density combinations of eggs and larvae of Chrysoperla sinica and Spodoptera litura

Rk Spodoptera frugiperda

A \

Eggs 1stlarvae (ind.) 2nd larvae (ind.)
144 1st larvae 10, 20, 30, 50 10, 20, 40. 50 —
2 {4 # 2nd larvae 40, 60, 80, 100 30, 40, 50, 60 5, 10, 20, 40
334 H 3rd larvae 40, 60, 80, 200 50, 80, 100, 150 10, 20, 40, 60

13 HERERBSRIHEMNESEERM

FERT SR ML 53 53 O 5 53 3k B 50 kA1
1LY 1. 2 1 3 Sk/ILAY b A A
B HOH TR ON 100 3k . LA 2 54 B 4 )
h 60 kA1 40 Sk S EER 1. 2 F0 3 SK/ILAY g
S 2 WA RO SRR BN 200 Sk 1A
2 W% HL43 90k 80 Sk 60 Sk M B 4y 1,2
1 3 LAY HAEE B S 3 W4l LUBHEER &
KA R B 1 B AR ) B ) BB R L E TR
JE (25+2)°C, RH=75%. L : D=16: 8 =%
SmaEAL, BEACFREE S 5K, 24 h e AEYIn
P REE

1.4 ¥ESH

R R 4R F SPSS 22.0 #E1T ANOVA
TEMNr, KA Turkey FFEdE 7255 0 5 1A
5o X84 M TEE R N A Holling IT ZU T B
RN Na= aTi/(1 + aTWN)BEATRERL,
P EIERE R : E= NIN-P (P E BHEE
%, NN E R, N NEWE, P faEH
B ), F Hassell #l Varley (1969) $2H1 /Y E Fi
PZIHIMRAANNXE = QP ™ (Xf E Wi E1E
%, PRAREURE, Q W3 AE, mAHAHM
THRE) ST RS A BB E RN IUE . I
SigmaPlot 13.0 X} fir A AHC kAT 17405 Ak
PEENE 5347 o

2 GZRESHSH

21 HEBRFRNEMTERENHRITANE

DU 1 d A p AR RG2S A A R 5T
PO S A% 2y O TR U, DU AR TEAT 8 55
Yo AR R 2 IR S B RO ST R RN, R
XA X 1T 2 B T DB JR LB, R i L 2 B
KL, FFARET A% D R B I Er, SR AT B SR
T, AEI0 IR AR S AGR B 7 o SIS
F14 94 I B ) SRR A 572 e R e IO B B ]
GIORL . PP AR T i 4 U T R SR R 4 T
J5 e B AL O S kA R R AR
R SR R, WSS R, Rkl
AR O A T M BT I Sk VS ) 07 R O A
ABEIE, HEFTRTMERLE, 27 3k
AL 1R 3t 5 A M Al AR S el e, axlig e
ity (AR 2 w2l B A, 3 A
RHUR BN . TUSLER e rp, i e e
TR 3 WA AR T, WH I LR e 4l R 2
Sk RO A 3 A R BLR

22 WEFERNEMFRBHHERINGERM
SH

H R M B 1 A D R i
ZERILARE 2, A 0 A1 OGS e 5P S B )
Ak B TR] B e S R A, 3 el HL
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Table2 Functional response of Chrysoperla sinica larvae on Spodoptera frugiperda eggs and larvae
o HERORH i
4 B BRI i 3 b B ] ﬁ43a| PrE e
oo d;\ ora rhAE S FLS (Bl 5 7 A% Instantaneous Handling =+ @Y predation R
pocop Chrysoperla sinica Holling equation attack rate time ~ MEXIMUM  ahacity
frugiperda predation
a Th/d a/Th
VT,
5 Egg 14 W 1stlarvae N, = 0.345N/(1 + 0.005N) 0.345 0.014 69.3 24.160 0.871
2 %4 2nd larvae N, = 0.993N/(1 + 0.015N) 0.993 0.016 62.9 62.456 0.863
34 3rd larvae N, = 1.016N/(1 + 0.005N) 1.016 0.005 192.3 195.494 0.989
1i#d4hd 1#44hH 1stlarvae N, = 0.660N/(1 + 0.011N) 0.660 0.017 57.5 37.917 0.986
Istlarvae o gyt 2nd larvae N, = 0.699N(1 + 0.008N) 0.699 0.012 84.7 59.234  0.813
34 3rd larvae N, = 0.889N/(1 + 0.005N) 0.889 0.006 166.7 148.227 0.837
24 2#4hH 2nd larvae N, = 0.472N/(1 + 0.022N) 0.472 0.037 26.8 12.402 0.977
2ndlarvae 340 3rd larvae N, = 0.825N/(1 + 0.011N) 0.825 0.014 73.5 60.648  0.978

RO FRI A R JE L S 0.005 d, 1 #3540 Ak B[]
£, 5 0.058 d., rAEE RIS L) HOG SR M B )
H e S i Bl A 4 SO A 3 RT3, 3 0%
e R R, HEKIMERE N 192.3 Kb,
rh A RS ) O B B A M 1 WA 4 U b F
ik ] B A R W SO 388 T e, 3 i 4 HRL g A 2
Afla i dE, i 0.006 d, WA et R 5 A
RS RS ARG R, 3 g AR,
0.889, H I B A U R TRk 1 iR 4
() H e S B A 4 O I B g, 3
e EER K, HRAMEER 166.7 3k,
HRARSH FE 2 34 4 UG B STk 2 I 4l i

RSN T FE N Na= 0.472N/(1 + 0.022N), H: A,
AbFREFE] (T ) 9 0.037 d, 398 H KRN
26.8 3k, M AR LS 3 i) HUN R H DTk 2 i
FIHE I BE SV T FE Na = 0.825N/(1 + 0.011N)
(R*=0.978), Hirfr, rAf o s 0 st 57 0 ik
YR FRALBERE] ( 7 ) 4 0.014 d; FRIS H RS
ol 7353k,

23 HEBERHBNBESEERM

AN TR L B A SR B 4 T 1 v A R
Y B SOV L3R 3o Bt P AR I A A N
R TR AT R RN, rp AR R A

x3 PLEBEEMRHYHBREEHMAREINNESZEERN
Table3 Self-density effect of Chrysoperla sinica larvae on Spodoptera frugiperda eggs

ety ANWHIE (V) Mkt WERIER (F) A SR
sinica natural enemies Pest density Predation Predation ratio  Self-density equation

14 1 50 18.2 +2.059¢ 0.364+0.041a E =0.647p7 %18
Istlarvae 2 50 33.8+1.428b 0.338:0014a R =0837

3 50 43.6 +1.691a 0.290+0.012b
214l 1 100 42.4 +3.444c 0.424+0.034a E =0.694p 020
2nd larvae 2 100 75.2 +2.107b 0.376:0011b ~ R'=0934

3 100 94.4 +2.731a 0.315+0.009¢
3ish 1 200 81.8 +8.339¢ 0.414+0.042a E =0.683p 02
3rdlarvae 2 200 1434+14195b  0.359:0071a R =099

3 200 195.6+3.919% 0.323+0.006b

E: fEEMRE; P. KEEE; R%: HERE. TER.

E: Predation rate; P: Density of natural enemies; R*: Correlation coefficient. The same below.
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BEHE E BERK, e A TImEHY
G o H A A T b T 1 MR Y B T
WL 3. 1y, 2 . 3L HIH ETHERE m
4354 0.184. 0.260 1 0.224, ZAE AR A
KB R? 435k 0837, 0.934 1 0.996, iM%
B R R A M AR b AR R AR 4
Pl A THEXHE B TIRE 52

SRS RN OO0 RN g 0 i W S LN R E
TR 4, LI 2 W 3 4 A AR E
T4 &% m 40512 0.934, 0.402 #i1 0.388, 4L

HARMIAHERE R* 3510 0999, 0.982 FiI
0.840, 1t BH 12 K A5 80 fi6 v Tfy 1t 48 iR v il
S A Op L DR R WO NER e A0} A

HR AT RS R ST 1 Al U A B
W HFILE 5, PR 1 kg dug
AN, TERE AR P S SRk 2 4l HuIk
i, WA 2 880 3 W4 g n] sl 58 B
P E . HETIHRE m 25514 0.846 Al
0.869, LA ARMIMKRE R*4r51H4 0.999
#10.994,

R4 PEBERHABAEMATE LRI HNESEERK
Table4 Self-density effect of Chrysoperla sinica larvae on Spodoptera frugiperda 1st instar larvae

RECERE (P)

H BT

FRAE T . R (N) HEH MEREMR (E) .
. The density of . B . . Self-density
Chrysoperla sinica . Pest density Predation Predation ratio .
natural enemies equation
184l 1 50 19.2+ 1.797a 0.386 + 0.036a
1stlarvae E =0.662P %%
2 50 20.5 + 5.268a 0.204 £ 0.053b R2 = 0.999
3 50 20.7 + 4.98% 0.138 + 0.033c
2¥B4 1 60 22.6 + 3.156a 0.376 £ 0.053a
2nd larvae E = 0.648p 0402
2 60 31.8+ 7.781a 0.265 + 0.065a R%=0.982
3 60 44.0 + 6.542a 0.245 + 0.036a
34 H 1 80 415+ 4573b 0.515 £ 0.044a
3rd larvae E =0.763P %%
2 80 78.8 + 0.800a 0.456 + 0.035a R% = 0.840
3 80 78.0 + 1.265a 0.327 + 0.006b

x5 PEBERHHBHEEMARE 2RIANESTERE
Table5 Self-density effect of Chrysoperla sinica larvae on Spodoptera frugiperda 2nd instar larvae

g SR fy” D () meck R ) (U ﬁdiijf
Chrysoperla sinica natural enemies Pest density Predation Predation ratio equation
2B 4 1 40 15.2 + 1.887a 0.383  0.047a E =0.657p 08¢
2nd larvae 2 40 1674213 02080026 K =099
3 40 18.2 + 1.038a 0.152 + 0.012b
3ty 1 60 38.2 + 3.966a 0.637 £ 0.066a E =0.816p 089
3rd larvae 2 60 39.5 + 3.969 0328+0033 K =099
3 60 445 + 4.193a 0.248 + 0.023b
3 iFie W o R b, 1A M ) A R B A P B B L T

Hh R T I X e B A MR B A 4y R R
YERAT4 Holling 11 BUZRE S AR R, A i s

T, B R AR o 7D BE SN AR R 14 45 150
AR, B2 I U 4y SRS B M BT Y I ]
iy R R W SIS RN K, A4 Ak B 1) B
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HHEIS R K> (R 1), X 5 s
HISER B e E RN ELY Phopalosiphum
padi( H =55, 2006 ), 528255 Aphis citricola

( #B5 304, 2008 ) SRS B Aleurocan spinfetus

(FERREE, 2018 ), ZK5F Toxoptera aurantii ( )2
SeiR%E, 2016 ) M B KEE Ostrinia furnacalis ( 25
R AMPR R, 2000) BRETIRE SN —3 . &
DI RE LI A TE A5 45 1) 0% B[] R 4k BRSS9 T
PR S ) 2 (B ) — AR 5 SR . ARSI T
T KA B [ AR S RAE W , TE A % B
T, R R RS B TA) RS2 FH o A S AR () A
W, SRS P A e [R] g AE X A Holling,
1966 ),

KT REOS 3 HERCR Y, A
MR 46 (11986 ) $ i af T 2F Ml 2 R EON 3 Y
PRIV RE, L (BRI I R0 35 ) 45 il e
BE . TEAFGEH, AR B 3 4l HOG) R D,
TR IR P A BV RE (1195.5 Sk ) RF XA 0%
P 1% (148.23% ) Fil 2 % (60.6 3k ) #iHmy
TRV RE , U P A T SRR B T T ) B A D
/N 3 I I Hh AR S 4y HOG R D BT 1
W4 B B AT e 148.2 3k, BRI R FE%
1A 2 12 HOGE R B M 1 I A AL v
fie (37.9 kM 59.23% ), R T HEFEUREM &
REIE G MG sR (R 2), @R X T
FE (3L L) R 0T A ikl A B VR A A
2 o 1 XRG4 S PR AT BEAT AT A - B 0,
3 S DA b B b 0 k4 AR LY RS 3 840y
K HK, 38 LL AR kEh B AR A I
MBI G, Bl YO A e 4 s 2 3 e i
M ZI 3 IR FE 4 dibk 22 S 4 s
MERG ., 2 ies: (2019) K Fa#E45 (2019) M
WA, B 5 o o K it R 3 50K i
W4 A R Re ). BIAE - 736
AT e PR [F] A R BOR A I , DL B8 0
Hi.

REGERBAE HAR A R R, B T
Vil B B RS, b (R AZ 2R R K
oA . RN AN R R (JR4E D
MR E 4, 1986; Leeand Kang, 2004 ), 7EEL i

ORI O B4y B 2 BEAR R S F T, B rh AR R s
YU EE RO, HH PR R R AW, il
BIEAE (E) BERL (R 3-3K5), MAMLF
TEOTMETE o WFFR IR, v A B il B i b 57
ROREP I 1% . 2 A 3 4l A BT &R
Bem 43k 0.184., 0.260 Fi1 0.224 ( 3% 3), T
A0 B I BN T R S A 14 RN 2 85 40y

(R4, £ 5), T A2 IE B0 X0T 5L b, 5775 16 BT
HAMRGERER , & —ARA RN ER R
MR,

EH A S5 RS, s Zmm T
WAL e, i E B S8 BEARMRET, Aa)
AE I 5 Z A1) 14 ( Abrams and Ginzburg,
2000 ). i T AW 5 04 B D Sy A 7 FRE 1Y
2T, (BAE AR FA Al HOmAS ) 5%
JEE B SR ) AR A7 B % B 1 ) R S N A AN ]
REAELER o L, 76 A SR &M i Ad B Xo)
b B AR e ) S B — AR
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