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Abstract:

nucleopolyhedrovirus ( SeMNPV) infection and their feeding behavior response under different nutritional

To study the sensitivity of Spodoptera exigua larvae to Spodoptera exigua multiple

conditions, three nutritional colonies of S. exigua were established in this study by changing the formula of
artificial diet, including high protein and low carbohydrate ( referred to as high protein) , moderate protein
and moderate carbohydrate ( referred to as moderate protein) , low protein and high carbohydrate ( referred
to as low protein) . Subsequently, we observed of the larvae of different nutritional colonies to SeMNPV
and their feeding preference on different nutritional feeds before and after virus infection. The result
showed that the median lethal concentration ( LCy,) of three colonies of S. exigua larvae was 1. 76 x 10°
PIB/mL, 2.85 x 10° PIB/mL and 2.10 x 10* PIB/mL, respectively. Among them, the LC,, of the
moderate protein colony was significantly higher than that of the low protein colony. After administered with
SeMNPV at a concentration of 8 x 10° PIB/mL, the median lethal time ( LTy,) three colonies of S. exigua
larvae was 6.07 d, 6.85 d and 5.20 d, respectively. The LTy, of the moderate protein colony was
significantly longer than that of the low protein colony. For uninfected S. exigua larvae, young larvae
( before 3™ instar) preferred the foods with high protein content, while older larvae tend to eat high
carbohydrate foods. However, the infected larvae, across the whole larval stage were inclined to eat high
protein foods. The above results suggested that the change of nutritional conditions could significantly affect
the sensitivity of S. exigua larvae to SeMNPV, and the larvae obviously preferred the diet with high protein

content after infection with the virus. It was speculated that protein might help to improve the resistance of

S. exigua larvae to SeMNPV.

Key words: Nutrition; nucleopolyhedrovirus; Spodoptera exigua; virulence; feeding preference

W 3% % Wk Spodoptera exigua J& Wi W H
Lepidoptera 1% 1 &l Noctuidae, 7] f& & L Fh el £
CHAEY, & —FhEE A B RO 3 HL ( Behmer,
2009) o —A-HLE N ARARLIHT, 2% U R E U
— PR, R REE . H 1986 LK,
RIS I e T [ 48 % R R IE 3k, H A E i
A A ERAR > ML X ( SCHLFEAE, 2014) o ZAFER,
— B DA B AR 24 i P S0 TSR Y Bt 1
KBTI, AEIEI T B A A, i H XT3
BEyE i 1 s Qe R . B 48 Al “B0s "
BT “BRea R4 i 0 3 Az 28 S AR A
i 4 B H A SO A S, H b DTSR 1 ik
¥ A £ ffi 1K K % ( Spodoptera exigua multiple
nucleopolyhedrovirus, SeMNPV) AR FE AW B5iG
TEFHSRA ML B 36 vh & 4% T HEAEH],  [a] i B AR
THEACEAFFEEIT5E ( Chen o al. , 2019) .

SeMNPV X S0 ik 11 B 1A SR 2 52 3 Z Fp ok
EBE M. B TR ERAERIRE R R Z
A, BHEA G EFREEZEEZWF AR,
WIRERE, EFRIE W E I G By ) i H R
Z 2Z — ( Simpson and Raubenheimer, 2001; Lee
et al. , 2005) o FEHREE H TR KALS PR A
MARZ B dui A BRI RAT B MR, O

X B SR B R AR B R R4 7 A — o Y R )
( Efeyan et al. , 2015) . BAWMREN, EHFE
S B M X i A ) BURR R 1 DG B G 43 ( Alaux
et al. , 2010) o TEARZEFEMESLI P, RS IAIE T
S F HAA Ll Xof 2 RN RR % IS AR T B H AR P R
TR, R RO E AR ES
WA AR AE (Lee et al. , 2005; Povey
et al. , 2009) o AL, I H E LR EIRY) AT
W B g R HOR T R A W ny B B
( Raubenheimer and Simpson, 2009) . #ES/E MR B
M EZRREY BT, AR U s gt T E
BIREER I, o B LT B A R B 2 1
S EOR TR BT ( ESEAE, 1984) o BFSEHR
B, RN LEAZ B Anopheles gambiae WEE & 1 &
AR ) ML Y N 2 . 2 e A1 HG 2 Ak 0 3 i i g

( Koella et al. , 2002; Schwartz et al. , 2002) ,

L BT, ANTEE SR G5 R xR H AR e
Wiz e Be 7 HA B, i B R R G e
A B H A PR i G 1t 2 R A AR R A A
7 b X ) R i 08 g P i) o 0 2 S 5 ) A7 A R 22
S, ANTRVE 7 G5 AL I R R T A 2 A R e
PR AEFE W B 22 S50 IS RI], IO AN IR 3F
BTSRRI AL IR L o o 2 1 5 A
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I 9K 2 2R AL R LB g 22 5, UABA T ARDRERZ A A 3
1) SEAK BN T S B0 B I A T AN R ( E4A
2018) o LGSR AN ] B ) A T S gk SRk L i
Bla i AR FEAR AL, RO [E] & 9 X 7
YL i A AR AE ] 2 R (S8R AR,
2018) o SR, EYE IR TR R R N Y
Gz e AL IR i AN VE A, AT R i — 25 AR BGIE
A5 3 3 W5 AN [) 75 5% i 2R IR R ik &l Ok
SeMNPV [ fgUsktt: DA K Y35 il J i 50 30 e &)y Xt
ANEEFR RN Y, PN AFEE LT
RIS M R X SeMNPV A2 Y4 iy SRR M K FLICEE 17
R, AR A B TR A A
FREGH X FE R R A R R S o

1 #ME5ETE

1.1 #
L11 ffis

SeMNPV Z£[E#k ( SeMNPV-USI) 24 [H 4
IR K Wang Ping 241
L12 fhfER

ISR i g U CR A 5 T3 X E
KAH (MEAE 120. 17°E, 41.67°N) o FERHR
RN TARRHEC /7 8 aE B ( B A%, 2005) , 4
SIS T AR IR (RS - A TR
(FFRhER) MMREAEE (FRIEER) 34
BImAR, HESm IR 2 E A e il R
Ho N T FRZM MR 28C +1°C, HXRE
60% +5% , JGJEM K L14: D10,
1.3 ftXzh

FEERRRY ( FEBR KR BHE A R AR L A
(R TARAR) , BES (b EREE
FHEARAT) , AR ( RiEEmHOGE R 401k T
WEFEIT) » XFEERH IR R (KL E R 41k
TAFFERT) . 4R C ( RiEEm R ) |,
e B (CREHE R =R ), e (R
TCERGAE T ) . IRREEE (E 254 F b2
HRRAH]) o
1.2 FHi&
1.2.1 AT AapRHEC i

ARSI i N ek e ) 3k 28 T A D A O
F5E (M AR5, 2005) , 8 o oo A8 fapRk b B
(P) A% RE (C) My, BErcH T 3 FoA
FEFR S m N TR, T 3 g st i &

MR ®&E (P:C=7:1), HhE[H (P:
C=1:1), flREEF (P:C=1:7) (£1),

®1 AREFALEHFE

Table 1 Different nutrient feed preparation methods

mEH hEA REA

fﬁidﬁi Hig}.1 Moder.ate Low.
protein  protein  protein

BERE B Yeast powder 350 200 50
¥ Carbohydrate 50 200 350
F KM Corn flour 370 370 370
# 7B} Soybean meal 375 375 375
/N2 Wheatmeal 1000 1000 1000
LB Potassium sorbate 10 10 10
X} ¥ 2K P i Y g
I S B
#4125 C Vitamin C 30 30 30
#E4= % B Vitamin B 5 5 5
WL Inositol 1.6 1.6 1.6
BH[E % Cholesterol 1 1 1
B Agar powder 125 125 125

NZE 7K Double distilled water 3100 3100 3100

HHBUE R (gprot/L)

Protein content

1.35 0. 65 0.24

HEREGE (pel/g)

Glucose content

4224.40 7262.80 9205.10

1.2.2 FHS5 R e 4 R )

Z M SCHER TR A W 5 % ( Hughes et al.
1986) , TEMREERIR TN A B H AR MR AWk
FEA 0.5 mg/mL, W % it S 5%tk w0 0% 4 LX)
SeMNPV {4tk . B SeMNPV-US1 2 [E ¥k £ #f 4
W, RH 10 506 EERG R, % 8 x 107, 8 x 107,
8x10°. 8 x10°. 8 x 10° PIB/mL 5 {~4bHizH, L)
TCREAKIA G e 05 AR AR IR, f ik
PRI E 3 A, BEE 30 kyH.

1.2.3 Uil f RS ac kg d e i v e

FHAR R 1 AoBE i 2R 0 S0 0 I 45 15 191 4 e ik
16 h UG, /il 2 dAbs. —2AFWEe
(HEf£6 cmE5.5cem) N, PCE 1 cm f 5 P
ik C. ik P& CIEJEARRIE, AR 2 Fiin) kL
BG4 200 w9 8 x 10° PIB/mL %5 5 2 W
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516 g HFAHREST, RIS & 1 x10° PIB/g
FOERE, R DR R EE A k4l He 6 he SRS H%
TR 5 B 4l HUR A TICE T R AR RTIR AR EEDEHY
MR, SR 2 Bkl o 450 1 1
AEPRVE 3 IR A, BEA 10 Skghdy, AR
w1k, RGeS 4L 55l Ht R i 23 ) 2L gk
173 KEHE
1.2.4 Bdageit ot

i F Microsoft Excel Z{EAN RS X HIET- K

CE AP T (9p) = (ARHSETOR - W IHAETER)
RALIEFET R (%) = O T

x100. K H Probit-MSChart 45 {431 5 2 5 S 5E e
JE (LCy) « FEEGERR] (LTy) ke 95% (& 15
XIH] o 2k SPSS B4 v B[R 3R U7 22 43 H ( One—
way ANOVA) #1741 B & RS (P <0.05) .
TEJT 200 0T 20, E e T Or 2R a0, Tl 2
T3 22 FFVEI R LSD Jp B8 2R, 7 28 SF IR A
Tamhane’s T2 /3 Hr45 5 .

2 #ER5H0H

2.1 FAEAEFRZHREHENTL BT SeMNPV
M REERS T

2.1.1 SeMNPV Xf A[f] 35 5 i 5 it 52 4% 1 471 9 40y
A LG,

Sk T BB S B VR X TR0 R 4l OB T R 5
W, A3 AGett TSR B R B A 1T 3 Bl IR
R BT RIEALT K. R BI/R, BEE W
WeRE B TH 5, 3 R R 4l Y B TR A R
(E1) o MAEEEARE N 8 x 10° PIB/mL i, =&
i PEA R K& A5 R4 R R EET
ZARK K 96.29% « 79.02% « 96.38% . LAk, W
AR AN PEA FKE N3 MBS
Z ) LC [EMR IR R 1.76 x 10°. 2.85 x10°, 2.10 x
10* PIB/mL ( £2) o o, PEAM RN LCs, B
EETHEAME (F=7.292, df=2,6, P =
0.025<0.05) , mEHSTEA. KEAMRY
TR FEE2ZER. LA REN, PEAM RN
SeMNPV (i U A1 o
2.1.2  SeMNPV XA [F] 35 557 i 32 i S2 7% 140 993 401
H Ay LTy,

3FEFRMARGEE 1 ~9 Riy BIHRIESET:
R L B I R R BT R (’T2) o DA

=
(=]
1

i 4E H High protein
15 4 Moderate protein
-~ fK# A Low protein

o]
(=]

[=))
(=]
T
|
l

IS
(=]
T

B IERET- R (%)
Corrected accumulative mortality

)

S

1 1 1 J
8x10° 8x10° 8x10° 8x10°

W (PIB/mL) Concentration
Bl 1 SRS SR A TR B ST R i i 40 U
R IERLT R Z A KR

Fig. 1 Cumulative corrected mortality of newly hatched

0
8x10°

larvae of Spodoptera exigua eat different virus

concentrations for different nutritional lines

WelEH 8 x 107 PIB/mL 195 75 J86 Y il 3 1 ik 4
B, S&EA. hEA. IREOSRGHE 9 KD
SR IEE TR 4 B 96.29% . 61.49% .
96.42% . WeAHh, L IHEAFE] 3 FPE SRS R
LT, fEAK K K 6.07+ 6.85. 5.20 d ( % 3) . %iif
ST, TP R LT, B35 TR A &
Z (F =8.927, df=2, 6, P = 0.016 < 0.03) ,
FAE TR R Y LT, [6) P 2 1 i 3R DA AR ER 1A R
M B EE2Z S . FRGREY, hEAM
R 4 HURGY SeMNPV 5 7798 B [B) e o

100

{5145 1 High protein
H1 2 [ Moderate protein .
=== {# H Low protein :

&
'TE -
~ 5 80 '
S E i
—-2 s
2 !
.uéé’ 60 i
‘5:1 ;
=39 _— :
-»‘3—(_‘; 40 :
£3 ! —
o
S 20F L
O d 1 1 1 1 1 1 J
1 2 3 4 S5 6 7 8 9

iffE (d) Time

B2 3 FE I8 ih RSB A B REAR B4 /Y
FIPROESLT A 2
Fig.2  Cumulative corrected mortality curves of
three nutritional lines of Spodoptera exigua

at different time points
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x2 AEBEFLZMET SeMNPV BLHE IR L iy LC,,

Table 2 LC;, of newly hatched larvae of Spodoptera exigua infected by SeMNPV under different nutritional conditions

. T bk 95% ‘E{=ZFE ( PIB/mL) 3

= = %
RI AL Gy 95% confidence limit AR RH

Nutritional treatment i Regression equation Coefficient
(PIB/mL) TRR TR

5 % 1 High protein 1.76 x 10° 4.84 x 10" 6.43 x 10° y =1.494 +0. 667x 0. 989
rh 7R -1 Moderate protein 2.85x10° 5.58 x 10* 1.47 x 10° y =1.835 +0. 580x 0. 962
K 1 Low protein 2.10 x 10* 8.41 x10° 5.18 x 10* y =2.239 +0. 638x 0.992

£3 FEEFELHT SeMNPV B A mME4h sy LT,,

Table 3 LT, of newly hatched larvae of Spodoptera exigua infected by SeMNPV under different nutritional conditions

95% EfFM (d)

BRI HAE AT [A] ) . EYEpE: £ 4
95% confidence limit
Nutritional treatment LTy, (d) Regression equation Coefficient
TR B
E 25 [ High protein 6.07 5.46 6.73 y=—-8.803 +17. 625x 0.915
H1 45 H Moderate protein 6.85 6. 46 7.28 y =0.268 +5. 661x 0.976
K 4 Low protein 5.20 5.02 5.39 y= —5.484 +14. 639x 0.989

2.2 EHERWELHHBAREENE
2.2.1 YL SeMNPV 4y Ht il £ i

SIEUR e e W NV 2 kA R e
1 ~3 g e mEAFR R EZ TREMREN
rREHG B (F =0.000, df =40.000, P <0.05) ,
WA BARMZ G, XML LKA T BELL,
B2 12l g ) TECEAARE B B R (F =0.000,
df=28.000, P < 0.05) (K 3).

== 2% [ High protein
fIXEE 1 Low protein

NN W
S W O

Hck)
Larvae number
S &

S W

1 1% 2 % 3%
B (d) Instar

13 R SeMNPV RSkl it i 2 11
FIEEE F DR B4
Fig. 3 Choice of uninfected SeMNPV larvae of Spodoptera

exigua for high protein and low protein diet

2.2.2 &Y SeMNPV %t iy g ek

ARSI A, YRR ~
5 W4 A [a] T B AL, SR AT R,
HAR Y AR E S E AR R R E L TR
RE A MR B % (F =0.0000, df =70.000,
P<0.05) (&4).

== = 7E [ High protein

307, {IXZE 1 Low protein
* ¥
25 e . % . %
g +
—~2 20
B
Fgls )
g i i
& g 10 5 $—1 %
— 5 B :
5P =% E
0 : L L L 1 1 1 1 1 1 ! J
I1 2 3|4 5 6|7 8|9 10111 12I
1 24 3 4l S
1 (d) Instar
P4 g SeMNPV HIESERC ikl vt e 26 11

SR FRRH LR
Fig. 4 Choice of SeMNPV infected larvae of Spodopiera

exigua for high protein and low protein diet
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3 St

AMFFEE I BN [R) 5 F% A5 4 R B SR AR M
SR IR AL B 2 A A T R Y O B 22 57, 4R
FEARVE TR 550 %) B H 1R 5 i ) = G e 70 1 5%
Mo SEHRRM], P EEFRFIET 4 X SeMNPV
IR U, W3 > 1Y 2 11 BT AR K
G VI HE BN T BRI R > 2 HU BT SeMINPV
PIHRHT S BA BAE - AHOCHESE R, AN [A] il
B M fe A 2R 1 T Ak K AR G W %) L A T 22
S, T HLAE R A AR K AR S P LR A
e B T O . ARBF TR KRR, R
B AR S RK AL S W B A B T SR AR
PR REAR S, X — R BB T H 0 AE DG B 58 45
BWAE. BN, ZRW KIS Locusta migratoria Wi
AR B B S koK LG IR B R, TR
WM TR, BAMIET REML (Simpson
and Raubenheimer, 2001) . %34F, WFSEERHEA K
Sk K AL S W WA SR R S R A B R
Helicoverpa armigera ( Hiibner) X} T 3 2 {2 4L il £
. [FIR, BIFSE N 51 R A A8 e G 9 S ) e
HATIEEEP: C KRB N 1.3:1 I EY ( Tessnowe
et al. , 2017) .

AL e BE FE AT Ak s P C
FUE P2 C LA T ARDEHRCE & P R WSS, AT
FERM, RYFEWHOT, SR 1 %) 5 -
TR B A DT 1) Y 25 5, AR RN 3
&2z ik e TR P C R, 3 s
Pl THCEAR P C &Rt X 51T ARIE —2
(Chen et al. , 2008) , HAFG VAR M AR
Bl 1 Al 3 dy, RS &l B ey R A i
B AR B RS AN, T A i e 4 D) A HCE A
W i) J I 0 2 3K S i K AL B B B s 1Y BB A
PIRAIE . (HR, Ge 5 10 =2 7% Mk 4l e i) R
WRAET BEZA. PFRARER, YiEfEEEE
PRI A AR I g e 4l L, #8013 R vy P
C leryikte piiprssiiE s i, [FME P C A
BHTESRA S A, & P C IR R RESR R
U4 HiXF SeMNPV 1) SRR 25 AR, SR I
o £ B GRDRL A A T4 R i R X SeMNPV {2
(BT ST (Lee et al. , 2005) o« FABETERIE, &

H B B R e i A 7 b TR kR, T
A W £ Pr A Ik ( Grimble, 2001; Schmid and
Paul, 2005) , B B U8 32 0% 75 4= Y4 I 2
ST AWK 5 1A P B O AL ) B B SR o

gi bRk, AHEFE S R 1 s SR AR SRR
e n; % SeMNPV {2 Yy ik F2 v i F ZEAE T, R i 4
TR B T A% W 1 )y B i B 1) 22 Sk
R4 TR TRAAR I B F 8 48 Tl = 1 Mk A4 TN i i g 2%
B FALE, HRAE T RS AT EE 0 40 B 45 2R A5
5ie, WA B T8 A RS FREH 5 T 9%
Z2 SRR 75 1 F [R] 24 SR
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