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Effects of temperature and parasitoids on the growth and
development of Spodoptera frugiperda

ZHANG Hao~ JANG Jie-Xian LI Wen-Wei YUEYang WANG Jin-Yan
YOU Chun-Mei  CHEN Yi-Juan J Xiang-Yun

(Eco-environmental Protection Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract [Aim] To investigate the impact of temperature and the parasitoid Microplitis pallidipes on the growth and
development of Spodoptera frugiperda, thereby assessing the potential of using M. pallidipes as a biological control for this
pest. [Methods] The body length, head width, body weight and food intake of S. frugiperda larvae raised at temperatures of
14, 20, 26, and 32 °C were measured using vernier calipers and an electronic balance, and the effects of temperature and
parasitism on the growth rate and survival of S. frugiperda larvae were analyzed. [Results] Our findings indicate that both
temperature and parasite infestation significantly affected the body length, head width, weight, and food intake, of
S frugiperda larvae. Unparasitized larvae raised at 32 °C had 1.76 times the body length, 1.68 times the head width,
7.29 times the weight, and consumed 14.25 times more food, than those in the parasitized treatment group at the same
temperature. They were also 2.85 times the body length, 2.77 times the head width, 19.96 times the body weight, and
consumed 19.90 times more food, than those raised at 14 °C without parasitism, and had 3.30 times the body length,
3.08 times the head width, 34.70 times the weight, and consumed 106.38 times as much food, than those raised at 14 °C
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with parasitism. The body length, head width, and body weight, of unparasitized larvae were all greater than those of

parasitized larvae at all four temperatures. The highest growth rate was observed in unparasitized larvae raised at 32 °C, and

the lowest in parasitized larvae raised at 14 °C. The mortality rate of parasitized larvae was also significantly higher than that

of non-parasitized larvae under al four temperatures (P<0.05). Furthermore, the mortality rate of non-parasitized larvae

decreased with increasing temperature, whereas the larval stage of non-parasitized larvae and the survival time of parasitized

larvae decreased with increasing temperature. [Conclusion] These findings suggest that M. pallidipes inhibits the growth,

development and survival of S. frugiperda at temperatures between 14 and 32 °C, and that the degree of inhibition varies with

temperature.

Key words Spodoptera frugiperda; temperature; parasitoid; growth and development; biological control
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TR (22544, 2019; Van den Berg and du
Plessis, 2022) . N A=Y BTG T Be s il v b 57
I, ANEREW X EREE (75 Y, I RERRAIG T 1
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Bz 2R A AR 2 NIRRT (£ 1),
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b
ol od be be
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| h
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Fig. 1 Body length of Spodoptera frugiperda larvae on day 1 (A), 2 (B), 3 (C), and 4 (D) under
two factors of temperature and parasitoids
HEAFR/NSFHRREZRBE (P<0.05, Tukey Kidi). TEIHE,

Different |owercase | etters above bars indicate significant difference (P<0.05, Tukey test). The same below.
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Tablel Two-way ANOVA on the effects of temperature and parasitoids on larval growth indices of Spodiophora frugiperda

A% Parasitoid

iHJE Temperature HAERN Interactive effect

ARAER o, et B B
Growth HTT',%(Z)) P mbe SERP e g BEKY e g
indicators F-value df gle'v o F-value df gle'v o F-vaue  df  Significant
level
k- 1 44315 1,16 P<0.05 40779 3,16  P<0.05 2093 3,16 P=0.141
Body length 2 60.391 1,16 P<0.05 65.394 3,16 P<0.05 5476 3,16 P<0.05
3 312674 1,16 P<0.05 352162 3,16  P<0.05 29.879 3,16 P<0.05
4 295785 1,16 P<0.05 325266 3,16  P<0.05 58.798 3,16 P<0.05
S 1 35.046 1,16 P<0.05 47017 316  P<0.05 3241 316 P=0.05
Head width 2 126.103 1,16 P<0.05 122.826 316  P<0.05 17.184 3,16 P<0.05
3 203199 1,16 P<0.05 279.167 316  P<0.05 22.001 3,16 P<0.05
4 559.553 1,16 P<0.05 657410 316  P<0.05 96.428 3,16 P<0.05
A 1 83311 1,16 P<0.05 97.202 316  P<0.05 16596 3,16 P<0.05
Body weight 2 56.641 1,16 P<0.05 52568 3,16 P<0.05 18.324 3,16 P<0.05
3 2010627 1,16 P<0.05 2569.909 3,16 P<0.05 1266.388 3,16 P<0.05
4 1266.388 1,16 P<0.05 1405507 316  P<0.05 997.462 3,16 P<0.05
iR ey 1 13.108 1,16 P<0.05 521.632 316  P<0.05 2018 3,16 P=0.152
Food intake 2 70222 1,16 P<0.05 246.604 316  P<0.05 12570 3,16 P<0.05
3 646.339 1,16 P<0.05 216380 3,16 P<0.05 122793 3,16 P<0.05
4 1480932 1,16 P<0.05 305434 3,16 P<0.05 234292 3,16 P<0.05
R . AbFR)S 1-2d, 32 CRAELLH Yz BB 2 NREE (R 1),

Bk ve B m T 14, 20 Fl 26 CHY%hH (P<
0.05), 26 CARAFAEHY MM LR ERT 14
1 20 °CH%HLTE (P<0.05) (Kl 2: A, B);
WhERIE 3-4 d, £ AN AR A A AL 4 Sk
TR 2R (P<0.05) (K 2: C, D), %
Asgm . 32 CAMT, B HEk T
b3S 1-4 d B8 KT R A R4 (P<0.05); 20
Ml 26 CEMHT, A Edrsh sk s EA B G
2-4d BEMT AR AL (P<0.05); 14 CH&AF
T, A MR T ARG HEL e o R
(P>0.05 ), JREEFIAF A e 52 - AbHS 1-4d,
26 1 32 CHEHMMHLTEREST 14 M
20 °CAF A4 (P<0.05), 14 120 °C74:
WL L FEAFAE R E 2R (P>0.05) (A 2:
A-D ),

2.3 REFREN BN E i R R
EH®m

Bl A0 4 AR B AEAL RS 9 1-4 d Y

TRBEISEN . AbFH)S 1-4d, 32 °CARZAAAH M4
HRES B ST 14, 20 fil 26 CARFAEAR
#hiH (P<0.05) (& 3: A, B); 4FJ5 34 d,

26 CARFFEAML) HIRE B 25T 14 F120 °C
AEERA AR ZF A4 (P<0.05) (B 3: C, D).
AR . 32 CHRMT, MY RUARE
TEALFE)S 1-4d B R T ARFFA 4 (P<0.05);
26 CHMT, FEMAMY RIAREALEE 3-4d
WEMTRZEA (P<0.05); 14 fl 20 °C 44
T, FAEANYRAE AL 3d BEMRT
KA (P<0.05), M LSRR, Ak
HJE 1-4d, 32 CHAAMLMEE T 14,
20 F11 26 °CAFAEL L AL, 7E55 1 KM 3 RAFALE
BEXER (P<0.05) (E 3: A-D),

2.4 B BE RN B O] 34 0 X B b 55 BT 4h FEX
BEN

Ol BT IR A R R AR AL S Y 1-4 d
PN 432 SR AN A 8 2 AR AR (3R 1),
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Fig. 2 Head width of Spodoptera frugiperda larvae on day 1 (A), 2 (B), 3 (C), and 4 (D)
under two factors of temperature and parasitoids

12 A E AR %4 Unparasitized
O %F4E Parasitized
8 -
4r 4 bed
e '_d; h
._;—‘
0

20
BE (°C) Temperature (°C)

Br C B R34 Unparasitized
O % 4= Parasitized
50
25+
. E E lj

YEE ( °C ) Temperature (°C)

A% (mg) Body weight (mg)

A (mg) Body weight (mg)

N
N

—
oo

o
T

(=]

—
W
(=}

100

W
(=}

(=]

"B B R %4 Unparasitized 5
O34 Parasitized

b
bed bed bed
| =l =
14 20 26
1 (°C) Temperature (°C)

D B AR %4 Unparasitized  a
O % 4= Parasitized

b
=S =
14 20 26 32

{8 (°C) Temperature (°C)

3 EHMAWBERENFTEE 2IMEELETEL(A)N 2(B) 3(C)HM4(D) RHNGEE
Fig. 3 Body weight of Spodoptera frugiperda larvae on day 1 (A), 2 (B), 3 (C),
and 4 (D) under two factors of temperature and parasitoids
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40 R B YA 22 5% (P<0.05), Hpf
BETHEmTE; ABS 3d, 32 CHEHLR
PIE R EEST 14 Ca444H (P<0.05),
WHRIEER 4 K, 4 NS SR T A A 4l U EL
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Fig. 4 Food intake of Spodoptera frugiperda larvae on day 1 (A), 2 (B), 3 (C),
and 4 (D) under two factors of temperature and parasitoids
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CEXMTFREFT 14 F1 20 °CEH FIEKAIA
EIAE KB (A5 26 CA&MF T IRKMiAER

2/
2

R2 HFEMEBE

HERKERANFEREZES (P>0.05) (K 5:
A'D )o

MEM R RHEEREROAERTEST

Table2 Two-way ANOVA on the effects of temperature and parasitoids on
on the growth rate of Spodoptera frugiperda

A% Parasitoid

IR J¥ Temperature HAERW Interactive effect

A KRR SRR - - -
Growth rate Fi pm 2T e g BT ey gy BEAY
indicators F-value of Significant Fvaue  df Significant Fvaue  df Significan
level level t level
W ¢ 150.563 1,16 P<0.05 174312 3,16 P<0.05 39.194 3,16 P<0.05
Growth rate of body length
SR A . 363.467 1,16 P<0.05 475.196 3,16 P<0.05 80516 3,16 P<0.05
Growth rate of head width
P . 930.975 1,16 P<0.05 756.337 3,16 P <0.05 523.114 3,16 P<0.05
Growth rate of body weight
<) ©) <}
E y E 2
SEs5,, @ A A4 Unparasitized S 805 mRAE Unparasitized SC 50, A2 Unparasitized
E 5 4 O Ak Parasitized a E £ 04l  DOF Parasitized 2 E & 40 O &4 Parasitized 2
%§3— b %50.3— b Jéé-}_%\30—
WS ol ¢ W o02f d c 320t
Mg od 4o cd iﬁ o d V&)
HE 1t BO1} o ¢ H & 10t
g | e e & ef f 8 led g bedeg cd be b
fégozr-w g ol o ol d amed 0% [T
g 14 20 26 32 8 14 20 26 32 E 14 20 26 32
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Fig.5 Growth rate of body length (A), head width (B), and body weight (C) of Spodoptera frugiperda

26 BENEFEEMFRBYHRLTROR
EiL:ab Al

1F 14, 20, 26 f1 32 C&HF, #harEm
B BRI A R A AR T, HAR TR
T AR A AR AL A ) 4 B (P<0.05). KB
A A b DRI &y 1) B T R B R R T
B, 14 CAMFTFRIFET- R B EHMLT 32 C4
PR PET- R (P<0.05) (& 6: A), 1 14,
20, 26 F1 32 C&MT, RFAFAALFRAH L) R
4y Ha 391 RN 75 AR AL B 2H &)y BB AT B TR 38 B IR
ETF BB AR, E 14 CEIETR, KA
PR 4y 0 &) Rk F I T A A Ab B 40
MIFEG 1. 7E 20, 26 Fl 32 C&MT, KAk
Ak S 2H &)y B A Rk B W T AR A b B 4
HAfETE I (K 6: B),

3 itig

Bl TR MR AR K R ORI T A7 B IR 1
W, FEARR T, 14 CHEMA N H)ES
4 RIEH TR (R E ) DRk Sk
Yi . EAECE RS0 7.03 mm, 0.79 mm,
6.52mg 1 9.89 mg, ifii 32 C&MFF, K. k
F& . PRE AR 5308 20.02 mm, 2.19 mm,
130.12 mg £ 196.81 mg, /34llJ2 14 °C&AF Y
2.85. 2.77. 19.96 Fl 19.90 1%, X 57¢/\Hed
(2022) KiEiE Galleria mellonella 4 HL A& Al
A Bt 38 T g i e B IS A e R — B . R
Bl A7 A B b 5T K & 1 B TR B R T =
(14-32 °C) MiFEAK, X SPRE% (2001) 1)
WFFT 8 R —50, RIR T RIS kT T
o ZHn% (2018) WA, £ RS G AN IE
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Fig. 6 Mortality (A) and survival days (B) of Spodoptera frugiperda larvae at different temperatures
2R R B WILL 3P AL, BAr A= R DISE T VE 2 i, Rl 27 A 4 B DU T/ 2 a5
The development period of larvae starts at the beginning of the third instar, ends at death of parasitized larvae,

and ends before pupation of non-parasitized larvae.

Lamprosema indicata fY % & i 1 bifi 5 15 B T =
(19-31 °C) WMi%ak, kB8 #HE5IRELEIEM
Ko B TR A H i & D I B A IR
(18-33 °C) JHEMZ e s, K& HFZHM
P CGRXHREEAE, 2020 ). XS5 A58 H & BRI A4
A A b R I 1) 4 HR U B R T v 4
PIZESRARIR] . (R, TR QR & Sl R U &
BN, LR RIS S, BT
SR BEART (Heetal, 2013), JFH
A g B il AR BRI 32 BIR R R, i — 4
T RAMAEK AR (Mutero et al., 1994;
Se4%, 2007, ZEERAE 2022; WIEY;, 2023 ),

TR 75 P 1) P A R AS  T)  Hb 5  R
(K B RAETE . ARBETE T, R M98 S e 1
A P T R SR RS R R, AR
JEE RIS 160 0 2 2 Gy U AR | Sk S AR MG
FREEF LML A, B, 14 CHRMAT, 42
A 4 RARFFELRARK . S5 REMRE
e R4 Ay 1.16. 111, 1.74 1 5.35 1%,
32 CHMT, WFEH 4 AR A kK
T8 RE AR R A AEL U 176,
1.68. 7.29 Fil 14.25 ff%, X5 FEIF5 (2005)
FIZETE—E, S PRI I F 0 e 27 11 1) /NS ik
FEFF AT 2-5 d IR BB IR T AR B A A /N
U o ST A7) FE e A A 1 R SR IR 4 S 6
FATE N A P74l ALY 12.81%-16.20% ( Bt

3%, 2020 ), # LA % M. mediator ¥ E 1)
kil Pseudaletia separata % Hu{k 25 22518 |-
T, ZIE%E TR (BT =5, 2016 ), HIE A%
Chelonus inanitus 274 15 J A A gk S. littoralis )& ,
A FRE AL TR T AR F A4 B (Lanzrein
etal., 1998 ), A5, #Ear Az 1 R b BT I 4T
TR A B ] 2 B T e T A e, B Aot
o, X5 TEHH (2012) s R—8, ik
Loyl | P B i Diadegma semiclausum
FORRES Bk B Wi Campoletis chlorideae AR AEf#
FLAF FAEG R BT o 3F 90 aF A i il A=
KB R 1 D R 2 il 27 A e O — S 0F A 37
TR N IR BRI B I RN 2243 DNA k88 55 2 A IR 7
WMEI SR T E AT, mMHAR (Vazania
et al., 2014; Kim and Hepat, 2016; Ignesti et al.,
2018; mi5E, 2020 ),

U PS5 RTR A2 N ) A e S ) A X R M 8 4
IR AR R AR B TR 14-32 °CRuUN, TG
WRAEHE B AR, T TR 4 H ik
o Sk VRN B A A A SR 3 g o ek R v
i, i H AR A A FRAE AR RN A R AR K
HORBME TR A AL, ARBF5E LI, 32 °C
A AL R SRR A K R T
26 CARMAF LML, XRTEREIRET,
AAERZXMH AT EHKLEEFESE.
14 CHREFFE L M A K BRI T 20 CHAF
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A, 20 CoAR#E A AR 4 HU iy AR K RN T
26 CHELAF ARSI, X R T AERBARIEE &1 (14
20 °C) T, MRiREMEHFFERK AT FE
KK, Mo, fEREIRET (26 fil 32 °C), #
AL AL RS 1-2 d (I HCE 2 T RAK IR
(14 120 °C) REAF AL R IRE &, Bk
FET (26 F1 32 °C) B ZAE 4l Ui A KR
FAREE (14 F1 20 °C ) R4 hm R K
MR X R E R A T A A ) R b ST K 4
HAEGAT A S B R LR R, A58R B AH 2
PEERE ). X SXIMAE (1990) il ry Bk g
Myzus persicae #>¢ 1 #{#% Diaeretiella rapae 2f
AL HTIA R B ORI 2 8 B R 1 A5 R — 3
PRI, 17 TR 000 70 2 e 44 e b % A M EF - o
TR BER R, B A W AT AR S R i
F, M LR IS HA R R i, BE AR
SRR B T JR R FE ) SR g 1 o Hl T AR Ik
PORTE R N AR T2 iU, A A 25 FAE K K
B RYSZ I ] RE 5 ) 2 28 5 T A T2 5
I IR TR 0007 e o e bt B P Mk A K R
F14) 5 W] 5 5 8 EH TR) 5 R O 2 B SR F R i T 20
Gaki
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