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H, 207 d K 2 WEIRIEIRE 12 h g B g
WATH . wdsRIE T A, I LB AT, R
JUETF 25 °C FARIBRE SR
1.4 RISURIRS) B Aab P54

BEHLZEIBCR R RN . fl R 2 ISR 4
HAVE AL FRAT A 41 ; 48 1.0x10° AN F/mL 46,7
SRER R RIE TR S EUE B 4 &
1.0x10° MF/mL 4 o F SRR R YR U IE
VER AL S AR B C 40 ;5 f8i 1] 0.05%0tJit-80 JCA
IKARFR AR 2 A R D (K 1)
1.5 HrEALEEE AN E
1.5.1 HFER AR X4 fo o E S b
PERTAG RIS 55 4 d BRSO 4 e 43 SRR 3
2, WERRMFRICIRE . AbH S SO0 2H 1 4 sk B
JEEE 4 ROYRIET R AR, B dUA S 37 R TR
R EAREE. 2R 0.05 mol/L (pH 7.0)fImERRZE it

s '
B
Metarhizium anisopliae

— =N

A C

0.05% Tween-80
| ~
D

Sterile water
1. R sh RabE oA E R
Figure 1.

1.0x10° spores/mL

Treatments of S. [litura larvae. A:
pre-treatment group; B: treated lethal group; C: treated

alive group; D: control group.
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* 1. TRREERTREFARANFLRE 2 i

BRI IR

Table 1. Accumulative mortality of Metarhizium
anisopliae spore suspension to 2™ instar larvae of S. litura
iz;z:;:/t::z)densny 2‘(/)::1%; 1% Corrected mortality/%
1.0x10° 81.67 81.03+5.78a

1.0x10° 65.00 63.79£13.2a

1.0x10’ 41.66 39.65+11.54b

1.0x10° 3.33 3.33+2.89¢

The data in the table were observed for 7 consecutive days after
treatment. Each strain tested 60 2" instar larvae of S. litura, 20
larvae per treatment, and repeated three times. The data in the
table are average (+standard deviation); different lowercase
letters in the same column indicate significant differences
between treatments at 0.05 level.
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2. ERTREEBAERNFURE 2 RHAMR
g S ES
Figure 2. Accumulative mortality of Metarhizium

. . . d .
anisopliae spore suspension to the 2" instar larvae of S.

litura. The points in the figure are average (+standard

22 £ THREREXNFIEIREL HBIE

AN TR e B A LA VRN RS 2 184 L R
HGATEERIFE 2 PR, etk EmE 87 R 8%
A E 2 TR R TR MBS REE . Eefh
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W 4 R LT R AR XK, HLBOEH A5 B
A A R AR LT, X
LU 2 A B R R, SOt Bk
RN LTso FiE F6L 0K B2 A BRI h i o 7R
JE A 1.0x10° AN F/mL B R Rk B2 BEGE ,
ZERTCHEIATSE T o TR A 6RO R
RIS 2 Wl B SET 38R Wz TR, LT
AR/Ne MR 1.0x10° M F/mL B, 4xfafik
TR RIS 2 8RB R, LTs
Hh4.6d.
23 SR TRERNMSBEK 2
7353

X RIS 2 14y Ha AN [ b RIS (] (4 35 ) 52
THEER IR 3 Fos, @it 40 F o AR
WeFE S BRI A 5 AR, 2tk mlH 24
K FH B R 1 2 T 4 R 2R I SO0 5 5000
MTRHAE LCsoo HERFEHT, BEAE AL PRI [E] Y
B, BRI L R TR B AR £, LCso
N G AR ETERTRISOR I 2 B4 ) LCso

4l R ST

deviation). SRS 7 KN 3.944x10" MUF/mL, 6 KK
*2 ESRTRERNRIQEE?2E QJJEE’JENEEP i)
Table 2. LTsy of Metarhizium anisopliae to the 2" instar larvae of S. litura

Inoculation density/(spores/mL) Regression equation Correlation coefficient/R LTs0/d

1.0x10° Y=-0.1828+0.1482X 0.9807 4.60+0.05¢
1.0x10* Y=-0.1285+0.1200X 0.9621 5.23+0.13b
1.0x107 Y=-0.1114+0.0757X 0.9607 8.07+0.11a
1.0x10° Y=-0.0057+0.0039.X 0.7202 -

The value Y means probit (%); X means time (d); LTs, was not determined due to the low mortality. The data in the table are average
(+standard deviation); different lowercase letters in the same column indicate significant differences between treatments at 0.05 level.

http://journals.im.ac.cn/actamicrocn
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*3. SRTHREENRQUEE 2 R HNBIEPIKE
Table 3. LCso of Metarhizium anisopliae to the 2" instar larvae of S. litura
Treatment time/d Regression equation Correlation coefficient/R LCs¢/(spores/mL)
7 Y=-1.460+0.258X 0.9644 3.944x107
6 Y=-1.415+0.246X 0.9679 6.025%x107
5 Y=-1.145+0.202X 0.9182 1.389x10°
4 Y=-0.760+0.131X 0.9380 -

The value Y means probit (%); X is the logarithm of concentration; LCsy of the 4d treatment was not determined due to the low

mortality.

6.025x10" MEF/mL, £ 5 K 1.389x10°MEF/mL,
5 4 R RH BB RAL, BORBETH Y LCso
M o B4 f St 6 BB A B AR S0 M )
(B, P P BOE vk B AR
24 A THREENALSUIRE 2 B HEgey
S A R i

b FR AT 5 4l dU A N i SOD T PEAR Ak An &l 3 i
N, A FRET A RHEOR IR 2 W4l HU SOD &
1.5665+0.2651 U/mg, TMAbHFEUE B 419 SOD

3.0 | a
—
on
=)
S bc
= T
z 7
> 7 g
g /// /,;///,rj/
2 % //
a 77
3 G
w2

Treatments

B 3. &faFREEMNMNIERESBAMESRLYEL
BEE MR 2

Figure 3. Effects of Metarhizium anisopliae on SOD
activity of S. litura larvae. A: pre-treatment group; B: treated
lethal group; C: treated alive group; D: control group.
Different lowercase letters above the columns indicate

significant differences between treatments at 0.05 level.
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TEYER 1.9807+0.0629 U/mg, 4bBLJ5 R EE C 4
i) SOD &N 2.5484+0.24 U/mg, i 25 [ %} I8
D #1f%) SOD #&E¥EN 1.7257£0.1043 U/mg. M
HUATEIE R A KB, L SOD G i #
WS, mMAREESE B 48 %5 T A
4, WFERIIE C LM EEE W s T
b =2, SWARTE , 401 SR = Y RSO
2 W o dUE [ HAK N SOD (G S R T —E /Y
2Tt
2.5 A THREENFZIRE 2 Bt R
[LE3E éRp= A

G - S A D AR e RSO Mk 4 o s AR P 1Y
CAT &R T —E AR (A 4), ZFERT A AR
LU 2 5401 HU CAT 1144 5.0033+1.5106 U/mg,
AL FE IS 2AE B 2H 1) CAT 15 1.8+0.7408 U/mg,
WIRJERFIE C Y CAT iR 13.2067+
2.1277 U/mg, =S AN D 4/ CAT &N
4.0500+1.8738 U/mg. /YL 4 fo T LR ME A M Bt
PR B 4, Ho CAT TEPEEAL R EOIE C A B &
PERIBEAG, RIAEZS FIXTRE D 4109 CAT 16 Mt B 3%
EF LRI C 4. BB RS R B IRE KT
CAT iGMEIF L W E 2 5, ABOER B 457
X AR D 2[Rl A TG BB T2 57
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4. TRFREEMMURBEHHENISUEEETE

(E3:EA

Figure 4. Effects of Metarhizium anisopliae on CAT activity
of S. litura larvae. A: pre-treatment group; B: treated lethal
group; C: treated alive group; D: control group. Different
lowercase letters above the columns indicate significant
differences between treatments at 0.05 level.

2.6 SATHREENFISUKIBHELE Alpha £
PR

RIS IS 7 ETE Alpha ZFEHE7EAL
JEEOE B 4IRIR B C 4 BIRE S R ER & A T AR
(F 4), ALFEET A 4RSS IR D A0 AR
B IC w2 R, ULIITE RI SO &) T w2
KAFOLT, HIGEMEN Alpha Z2HMEIEECH
AR, AhHRJEEOE B 4URAREFE C 410 40 T 1
Alpha ZHEMEZ B JC R % 25 5, (A2 E03E B

HMAZIE C 4 Shannon F5ELF1 Pielou's
evenness 168U 2 #m TALHHT A HANZ R
D 4. IFHABEEIE B 4189 Simpson F&E(FN
Inverse Simpson FEEtL 2 5 TR FEFT A 4 F12S
FIXTHE D 41, MARBIE C 4189 Simpson 5 ECFI
Inverse Simpson FEEUIU & = TACHERT A4, 5
DX DAHTLREER.

TE AL BEHT Y RSO0 I 2l B i 38 A0 TRV
Hr, 1T 2E EIR B A — 2, LR WEH 2
IE R 1 (Proteobacteria) FNERE R || (Firmicutes),
BAEFJE FRIAA P F(E 5). 4o FEfE
WizYL)5, Proteobacteria N Firmicutes 154 PR
A4, FEESE B H 5 S RBOE C HHAC
WS, MEHEEIE B AR T2 A0
D %1 Proteobacteria WIAHXT B i Z RIS, Firmicutes
AR B B & TR (8 6).

TEJR 732 (B 7)), REECR k) e g 38 20
ML FENBA RIEJE Escherichia. MR )E
Enterococcus . NHH & Acinetobacter /0 1g
MR MR & Pseudomonas . A v [ # &
Burkholderia 55 . LA AHxT 3= EE R B 22 R
Y194E Escherichia. Enterococcus . Acinetobacter
1 Pseudomonas (Kl 8). & THARRIZYLHE
YEH) B B MR V& o, Enterococcus AR
£ 85.76%, & m T2 X D 4 25.58%;

F4. POTREYREMAERN Alpha 1%

Table 4. Alpha diversity of intestinal bacteria in the larvae of S. litura

Treatments Shannon Simpson Inverse Simpson Pielou’s evenness
A 0.66+0.34b 0.30+0.22¢ 1.55+0.51¢ 0.21£0.12b
B 1.44+0.26a 0.65+0.10a 3.00+0.79a 0.44+0.04a
C 1.23+0.10a 0.59+0.03ab 2.43£0.15ab 0.38+0.03a
D 0.77+0.21b 0.39+0.16bc 1.71+0.45bc 0.24+0.06b

The data in the table are average (+standard deviation), and the different lowercase letters in the same column indicate significant
differences between treatments at 0.05 level. A: pre-treatment group; B: treated lethal group; C: treated alive group; D: control group.

http://journals.im.ac.cn/actamicrocn
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Escherichia 1 Pseudomonas TEACFRSEAER) B 4H
o HE AR 3.72%H1 0.17%, 525 1% I8 D 410
73.30%F1 1.05%AH FLAF X B 25 BRI

100 W Actinobacteria
© B Proteobacteria
S 20 W Firmicutes
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5. PRGN RBEAEEITKE LB ER

Figure 5. Relative abundance of intestinal bacteria in

the larvae of S. [litura at phylum. A: pre-treatment
group; B: treated lethal group; C: treated alive group;
D: control group.
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6. Firmicutes 5 Proteobacteria [JBYHEXT EE
Figure 6. Relative abundance of Firmicutes and
Proteobacteria. A: pre-treatment group; B: treated
lethal group; C: treated alive group; D: control group.
Different lowercase letters above the columns indicate
significant differences between treatments at 0.05

level.
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7. PR RipEREERKTE LB FEE

Figure 7. Relative abundance of intestinal bacteria in the larvae of S. /itura at genus. A: pre-treatment group; B:

treated lethal group; C: treated alive group; D: control group.
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8. Escherichia. Enterococcus~ Acinetobacter #1

Pseudomonas [& IR E£E

Figure 8. Relative abundance of Escherichia.
Enterococcus . Acinetobacter and Pseudomonas. A:
pre-treatment group; B: treated lethal group; C: treated
alive group; D: control group. Different lowercase
above the columns indicate

letters significant

differences between treatments at 0.05 level.

27 £ THREENMLRIEHGEHE Beta
EZe8ca- A

BSR4y 1 T8 A D 7 & 7K T AN AH AR
SIPTRIAGE 5), HUARE AN RS A e E R A K
LT (A vs DY EW 2SS, WA REERET
1o A L i S A0 B R VR 45 A A R A T A
AR T4 o T AHE R AL H S SO B 41525 FIXTIE D
IR S Z A o s 5 (AAL B R BT
C YR M 525 IO IE D 4E1CH Y 25 5

TEJE KT Y PCA 4r#r 25 R R (K 9), PCA
IS B R T 99.38% 48 57, K TATRE
BT I AR R AR SO ik 4 H gy 18 40 B T 2L P
fE, HAF PCLRIR T 93.95%M7AE S, PC2 iR T
5.43%M78 5 o 4 o AR AR AR UL S5 B B 41101
TE AN RE & AL S AR BE C AU K2 FAXT AR D
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Table 5. Dissimilarity tests of intestinal bacteria community in the larvae of S. litura at genus
ADONIS ANOSIM MRPP
Treatments
F P R P Delta P

AvsD 0.13 0.393 0.21 0.197 0.46 0.239
BvsC 0.50 0.085 0.48 0.059 0.24 0.059
BvsD 0.86 0.034 0.98 0.037" 0.20 0.026"
CvsD 0.31 0.178 0.07 0.269 0.28 0.216

ADONIS: permutational multivariate analysis of variance; ANOSIM: analysis of similarity; MRPP: multiple response permutation
procedure. A: pre-treatment group; B: treated lethal group; C: treated alive group; D: control group; ": significant difference at
0.05 level.
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Figure 9. PCA analysis of intestinal bacteria

community in the larvae of S. /litura at genus. A:
pre-treatment group; B: treated lethal group; C: treated
alive group; D: control group.
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Biocontrol of Spodoptera litura larvae by Metarhizium anisopliae
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Abstract: [Objective] (a) To determine the virulence of Metarhizium anisopliae to the second instar larvae of
Spodoptera litura, (b) To investigate the response of the intestinal bacterial community and antioxidant enzyme to
the infection of M. anisopliae, and (c) to explore the defense mechanisms of S. litura against M. anisopliae.
[Methods] The toxicity of different concentration of M. anisopliae against 2" instar larvae of S. litura was tested
by Dipping method. The intestinal bacterial community was determined by Illumina MiSeq high-throughput
sequencing of 16S rDNA amplicons. [Results] Different concentrations of spore suspension had virulence to the 2™
instar larvae of S. litura. After 7 days of treatment, the half lethal concentration (LCsg) was 3.944x107 spores/mL.
The 1.0x10° spores/mL treatment had the fastest half lethal time (LT75y) of 4.6 d, with a corrected lethal rate of
81.03%. Antioxidant enzyme activities were significantly higher in the treated alive larvae compared with that in
the control group. The intestinal bacterial community diversity of lethal S. litura larvae was significantly higher
than that of the control group, and the bacterial community composition differed significantly between the lethal
and control group. [Conclusion] The mortality rate and lethal efficiency of M. anisopliae against S. litura larvae
were positively correlated with the concentration of M. anisopliae. The antioxidant enzyme in S. /itura larvae may
play important roles in resisting the infection of M. anisopliae. The infection of M. anisopliae leads to increase of
diversity and change of composition of the intestinal bacterial community of S. litura larvae. Genera, such as
Enterococcus, Escherichia and Pseudomonas, may be important factors affecting the mortality of S. litura larvae

against infection of M. anisopliae.

Keywords: Metarhizium anisopliae, Spodoptera litura larvae, antioxidant enzyme activity, intestinal bacteria,
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