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Effects of larval density on resistance of Mythimna separata
larvae to Bacillus thuringiensis and Beauveria bassiana
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Abstract [Objectives] To clarify the dynamics of disease resistance in Mythimna separata larvae reared at different larval
densities. [Methods] The resistance of larvae to Bacillus thuringiensis (Bt) and Beauveria bassiana at densities of 1, 2, 5, 10
and 30 larvae per jar were tested by the membrane method and the immersion method in a laboratory. [Results] Larval
density had significant effects on the survival rate and survival time of larvae infected with Bt and B. bassiana. At higher
larval densities the survival rate and survival time of larvae infected with Bt significantly increased. The survival rate was
highest at a density of 10 larvae per jar, which was significantly higher than that at densities of 1 and 2 larvae per jar. The
larval survival time was longest at a density of 30 larvae per jar, which was significantly longer than that at 1, 2 and 5 larvae
per jar. The trend in survival rate and survival time of larvae infected with Bt at different densities was consistent with that of
larvae infected with B. bassiana. The survival rate and survival time of larvae at high densities were significantly higher than
that of larvae at low densities. [Conclusion] Larval density has an important effect on disease resistance in M. separata;
larvae have significantly greater resistance at higher than at lower densities.
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Lb, e 2 BE AR LR R AT ) B e, X
2 R T R UK IR 2% 1G04 A B SR Y
—FES, MMM LT TR Rl
P RE = H TH R R R 5y, XA IR AR R
L o %5 B AR ) B P ( Density-dependent
prophalaxis, DDP )( Reeson et al., 1998; Kunimi
and Yamada, 2008 ). =% B . K% B AR X
JEHCHRE T ARk, T BOR AR R Y
¥ 3h (Reilly and Hajek, 2008 ), [Hit, #F5EA
(i) oo 22 S SRBUI R T A8 Ak, R A I
PO RE 7 0 A8 Ak A B2 SR IR R LRI R 45 s A8 4
PEANSARE , W 3 L A B iR P he
KI8T
B U RO PR TE LR O H L B
WHAEE R RRAE A R AR 2 A3 5 T RS
(Reeson etal., 1998; Wilson etal., 2002 ), il
v 2% B A% 1 R 3R 1Y dE RS U Spodoptera
exempta %) LA Z MR RS L T- %0
42%, T Bk ARI FR (AR DAL H 4 s e TR ) vy
ik 70%, [R)Es R B AR MR 4l e LDso A2 {1
LR 10 245 (Reeson etal., 1998 ), Kong %
(2013) W52 B, R ERA AT A< 18 2F
7 Exorista civilis 77425, w8 A& FiRFEH)
(10 K/MEA 30 K/ ) %L 4E Loxostege
sticticalis 4y Ht (i £7 115 38 0 2 o TR B2 26 AF T
T7% (1 S/ %, Wilson F1 Graham( 2015 )
WA ILL 6 S /I 2% B ) 5 110 Vg 32 14 ik
Spodoptera littoralis &)y HU R AN [R] v 3 19 13
R A% 7Y Z2 F AR B J5 A7 TG R = T 1
S/ B SR T 4l 2L, Wilson 4 (2002 )
TEXT 2 A A RUART AR Y EE H VD e
Schistocerca gregaria AUMFST & BE, FEJE RIS
(5 B ) X T ER R B ST ) i 3 bb = T U=
AU (RS ), RS, FfE/DRANH <R
FRAE A 4T 2 B A vt o PRA TR 25 A i 4
RIS . fldn . William 25 (2002 ) %f47m:hy
Zootermopsis angusticollis B 5% & B, 5 F
13107, 1x10°, 1x10° 4~/mL 3 N B (AR i i
AR FE T U AT R AR B A = T
SARFRI, FEHIX AR 22 AR 1x10° 4~/mL ¥

B SRR B I o W i . Rosengaus 55 (11998 )
X} A Zootermopsis angusticollis IHF5E & 3,
B 0 ARV SRR DA T, A5 R A7 KA
AR = TR . DL SRRV R AR
X AN [ i T Ak A P Y0 A A B T o AR P Bt
WTE LS .

Kl L Mythimna separate ( Walker ) f&—Fi 7
Tk FE A PR B R L, B R < A
FRAE (VTEEAR4E, 2014), 4K, R d7eF
ZRAb . PEACR LI A, TR BV N 2
IR R K S, e E R IR AR B A 7 A
MERAEYRFE (KBS, 2013; TLEMRSE,
2014 ), &% B R Al UK R A B EARE 2
— o A M He 4y U O PO R A —
SEAHSEHRIE . Kunimi 1 Yamada ( 2008 ) 558
RI, = (20 KA 1RFRARG H &l HO6
LA EE RSO RE ) 20 BRI R 40 U 2 4
FA L, ARSKMT, FEOK AUBYEIET B T
RO, A EE . HWES (TLEMRSE, 2014 ).
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L :D=16:8, MHIZEHR 70%-75%.
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BETHY T RE

KM R 2RI E Bt 50 %R di 4
AL HE . FREL 0.8 g 16 000 TU/mg FI 75 = 42
ZEFUFTF IR (Bt) BRI (NS A ik T
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ff () ORI B, BT E R T LR ECH 5 s
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MRS AN TR ML, $ AH U SR 0 4 1R 4
B, RIEE TN TR RN ER SR, R
O AL AT 5, EEI% AN, AT
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HRAE R4S J 15 Bt X 4 i BE kB,
N 72 AN TR % s gl sk Be 50 3 RE 1 o
WA 1. 2. 5, 10, 30 SLAHAFER 4 #k5 5
g, BRI LR 2k, TR A B
FENG RG], AR 4 NEE, 5
SEE 20 kg,
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[FlYR B A FRIF IR, 5 s JRHBU, XTRRR
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FR A5 - A 25 T Bir 75 BRI 11 188 1 X 4 1L A 3
FEH IR B, 0 AN ) 9% B ORG L 4) X akAe R
FIHEHTRE ST IR 1, 2. 5. 10, 30 k1A

FERY 4 WA g, B R AR R
T8 A0 B FETE SR AAETE I 6], A %5 B2 Ab
M 4NERE, BAOEERE 20 k40,

1.4 #iEabE

BARA TR SPSS 19.0 ik -4 7 2 A
E 408 (ANOVA ), Duncan [CZH
T4 qi ) 22 5 0 2 T

2 HRESHSH

21 FRAEEHBYBHNFZEFRFENR
HigEN

MR 1 ATLVEH, 954 2T i nl itk
3 ARG B4l W SO R S 45.29 U/mL,
DA BE 5 2 4 2 AT DA AR G AN () %% ) 37 1)
Kl 4l TS R IR IR 4 LR ], 4 du g R
i W &y HUPF 16 G B 35 52 ) (P<0.05 ), Bl %
JERROm, hRAAERBET G, YEELE
30 kAT g T RE (B 1), 1. 2. 5, 10, 30
KR 4l RO AT 250 0 35% . 38%.
45% . 52%M1 47%, Horp 10 3K/ B4 A G R
fm, WEET 1SR 2 Sk (P<0.05);
1 SR gh AR Rk, BEMT 10 L/
F130 kAR (P<0.05); 1 2. 5 F130 Sk/ffiz
) JC i %22 5% (P>0.05 ),

1 FaEFHEFEEERTHMRGHNEN
Tablel Toxicity of Bt against larvae of
Mythimna separata

e Concentration ( U/mL )

WiH Ttem
0 8 16 32 64 128

FET-F (%) 5 17.5 20 40 60 75
Mortality rate (%)
Sl C S P=-2.47+1.49LgC  R=0.99
Regression equation
LCs (U/mL) 45.28
95% A X 1] 36.32-57.72

95% confidence limits

4y B9 B X 4l MU R IR = 4 2R AT I S Y
ENG T AN 2 B o Bl 2R3 IN, 4y
G B ER, 1. 2. 5. 10, 30 L/AHMI4N
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AR A B R 2,70, 3.50, 5.05. 5.95.
6.00 d, H 1 kM5 HAbY) do AP 2 [a] 477
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Fig. 1 Effect of larval density on the survival rate of
Mythimna separata larvae infected by Bacillus
thuringiensis
HE_EFRR AR FE B R Duncan (R £ 5 R
K 2% 5 B (P<0.05), FEIE,
Histograms with different letters indicate significantly
different at 0. 05 level by Duncan’s multiple range test.
The same below.
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Fig. 2 Effect of larval density on the survival time
of Mythimna separata larvae infected by
Bacillus thuringiensis

PRI, gl BRI 2 4 2F AT IR A7 TG
FRANAT G I (E] 327 ] LAFE i, Bl 4l R 3 A 4
T, Rl B Ay OG5 25 4 27 FRAT T A IR PL AE 1 2
ETF, BB —E R R, 4 HOiE R R HRET

R TRE

22 AREEHBEYHBAXNKAABEAOKR
BES1

M2 2 nTLIEH, BRI PR K Aok R %
Kl 4 BB EE LT HOR 1.17x10° 4Y/mL.
TR B T BRFEL 1A TR 42 G A (] 285 32 1] 33 1) RS ol
oy HJ AT IR 25 2 B, 4y o285 B PRl
AR EA B E W (P<0.05 ). BE% %
3NN, WIREERRE . 1. 2. 5. 10,
30 kARG BT IR 2500 R 35% . 39%.
48%. 50%F1 55%, Hrp 30 kM4 HUAEIG 5
e, BEET 1. 2.5 Kr (P<0.05); 1
KOG G AEATE FAR, WEHART 5. 10, 30
LAY (P<0.05); 10 kAR 30 Sk Z 18]G i
FHESR (P>0.05),

x2 HAAEERNHMHESRNEN
Table2 Toxicity of Beauveria bassiana against
larvae of Mythimna separata

frHSE (4/mL)

Concentration (spore /mL)

0 10° 10° 107 10® 10°

WiH Item

FET-% (%) 3.7511.25 16.25 31.25 56.25 61.25

Mortality rate (%)
B 115 7 A

Regression equation
LCs (/N/mL)
(spore /mL)
95% Ei A5 X [1]

95% confidence limits

P=-3.367+0.417LgC R*=0.94

1.17x108

5.35x107-3.25x10°
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T T T T T 1
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FiE# (%) Survival rate (%)
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ghEE ChAm)
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Fig. 3 Effect of larval density on the survival rate of
Mythimna separata lar vae infected by Beauveria assiana
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4y 35 B 41 iR R R A I S AT
BRI ANl 4 PR o Bl 25 BE A3 N, 4 A2 T
Al & T e, 1. 2. 5. 10, 30 k/JHA%h R
SEYAETE I IE] 209K 4.45. 4.90. 4.65. 6.00 Al
6.70 d, H. 30 kM2l H A7 i fa) 3 s H
25 BE 4 L (P<0.05 ),

FEiERfE] (d) Survival time (d)
O ~ N W A L O a ®

1

2 5 10 30
Y (L)

Larval density (number of larvae/jar)

B4 PHFENMERASHHBLKAOER
Ja7FiE B A B9 R0
Fig. 4 Effect of larval density on the survival time of
Mythimna separata larvae infected by Beauveria
bassiana

P, A BRI A R R e A7 R
MBI ] AT AR Y, R B4l AL TR A
DUT , Bl BRI R R OFRBTRE AR, Hik%)
—EFEN, ARSI AR R TR

3 SFitHitit

CARFFE 25 S R , Rl H i 2 B &) OGRS
A B AP RE 1 B TR R 4
( Kunimi and Yamada, 2008 ), 7~ 525645 260,
Bifi 5 4y HRLU5 B RSN, R L &)y O 5 2 4 2R AR
BRI PO RE 71 B S 38058 o DA [R) 2% 3 R e Ha
Pl = & 2R AT B JE AR TS T AT LA, 78
1-10 S/ 25 BEVO TR N, Bl 4 H 288 B 1) 32
B, G R AE R R ETE . FE, gL
T B[] 34 B i G o DAKE FR 4Ty AR b k7 1 A AT
JE WAETE TS BB I, 7 1-30 Sk /MY 25
TR, Bl 2 U BN, 2 BT R
AEIG I T I B T o B, 7E— S 110 2 B S

DY, R A RO BE L AR . LD SRR
PIAPiRE ) 1 B 3 s TR B4 e, FRA T4
W, Rl B Z2 R R SR AR, SRR
2 O P BTR AR

W &3, 30 Sk/MARS R4l R IR =
G ZEAEAT RS BOAE IS IR T 10 SR/, SRTMIE
Tl AR R S 0 4 AR 38 D 30 Sk 3 & T 10
S/l XTI BE 55 Rl HAS R R 2 I B 1 it 32
AE 1 K JE TR 1 SO AE AL ¢ (& 0,
2014; FRBRAE, 2020 ), 1 kARG B 40 d 4 Rh 95
24 AT PR S WP B TE R 2.70 d, THTAH
[vi) 42 J3E 2 b BR 7 £ 18 TR 1) &0 HL P 359 47 355 BsF 1)
445 do iz A 2FAAF R T A e AR R R A AR
. o fbER . BAMERSFY I B EH TR
CHIA%E, 2010), TABERAD A (R 75 2058 i i BE
Pzl )5 G R E R T R A, BT LAG & AE 1 B )
B PRI, Rl 4 s BEARO Y O e T 1Y
55 5 R YR P T et A — 2 X &R

&1 U AR O B P AR R RS L R
AR EEZ/EN (Anderson and May,
1981 ), Reilly il Hajek (2008 ) it #7502
BRI Y B L &)y % B S0 e 1 B E R A
Ny, VPR EA CRIART KRR RO R kS L
A BTG T 1) G R4 DI AR DG o Rl Ha 0 1A 35 55
993 SR S 5 M R SRR 2 28 AR Ak i 2 R (L
MRS, 2014 ), ARFKMT, W, HEN
JE A Wy AT BE AR, ORI R AT R A, AN %
JE 41 TR RE 1 B AR A 2358 i 4 1R 5 0 R )
(AR, TS AR R R B A R
FAETT K B 4l BT BE T B 1G5 0] R S K
HR K EZ K (Kong etal., 2018 ),

B, ARBEGEEI, RhHAE—E i4h HUR
TP, %) N 95 2 4 2 AT BRIk A6 R B 1Y
HEHL T 0 1G58 . U BH &t 285 B S5 e R SR O
AE 1 I E B T o O DORS s 4l U AE 1 748
b A BRI R LA R A B R A A S
VRS, [RIE R AR o T A W B i Rl R e
HARES,
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