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(H ER BB SRS T, 317 2498 125100)

WE: AEA T AW SRS R Carposina sasakii 89 9% )R E , M B IR I T 0 Bk & 4 &
WA B IR B AR CS-1, KA AAFAEVLER | A 2 & AL AF PR &/\%i% FRAA L HATE
5, SRR iZ & ik & #k CS- 1@1#;&%:&@ i BB S 8GR A B 3B R AR B I Ak T
IS A AR CS-1 A BER AT RS R A KK F HEILAABE R, 4 ﬁ‘%ﬁm : 22 % X W AR CS-1
A FE 0 E KA Serratia marcescens ; K JE 3.12x10'~1.00x10° CFU/mL B4k CS-1 X dr A 7d )5,
Bl B & 4 k89 AR B I8 T AR 29.27%~80.49% Z_18) ;3K E 2.5%107~8.0x10° CFU/mL & 4k CS-1
B AT T dJE BB s R &) R R E L T A 28.05%~T75.61%; R Bl IR B Ak CS-1 K B ik b 72
BN S R AL) RO K F I R R FG S REFEER FIH I RS R LR
FRBREG N LI KR B B PRI R R Ao AR B S B 8] FAKA Wm, xR R b‘?ﬁﬂ 9P
AHAFH R EYra, AP A CS-1 3RS R EIRG R , ERDRC R A
MWy i 7 A BTG R AT .

KEER: Aok BRDERA; FAREN; AK; XF

Isolation and identification of Serratia marcescens and analysis
of pathogenicity against peach fruit moth Carposina sasakii
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Dou Shuying Zhao Yiyuan Li Wanglazi Qiu Guisheng’

(Institute of Pomology, Chinese Academy of Agricultural Sciences, Xingcheng 125100, Liaoning Province, China)

Abstract: To explore the pathogenic bacterium Serratia marcescens for biological control of peach fruit
moth Carposina sasakii, one strain, CS-1, was isolated from the larvae of diseased and dead C. sasakii.
The strain was identified through morphological observation, physiological and biochemical characteris-
tization, and molecular biology. The biological activity of strain CS-1 fermentation broth and bacterial
suspension against C. sasakii was determined using the immersion method. The effects of strain CS-1
fermentation broth on the growth, development, reproduction and population of C. sasakii were evalu-
ated using the age-stage life table method. The results showed that strain CS-1 was identified as Serra-
tia marcescens. After seven days of treatment with fermentation broth at concentrations of 3.12x107-
1.00x10° CFU/mL, the corrected mortality rate of C. sasakii larvae was 29.27%—-80.49%. After seven
days of treatment with bacterial suspension at concentrations of 2.5x10'-8.0x10* CFU/mL, the cor-
rected mortality rate was 28.05%—75.61%. Treatment with different concentrations of strain CS-1 fer-

mentation broth significantly affected the developmental duration of eggs and larvae, adult lifespan, sur-
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vival rates at different stages, oviposition period, egg production, and the intrinsic rate of increase, net

reproductive rate, finite rate time of increase, and population doubling time of the experimental popula-

tion of C. sasakii, but had no significant effects on the pupal developmental duration, pre-oviposition

duration, or mean generation time. These results indicate that strain CS-1 has strong pathogenicity

against C. sasakii and holds promising potential for use in its.

Key words: Carposina sasakii; Serratia marcescens; insecticidal activity; growth; development

WE/INE O B Carposina sasakii J& 53 F i 5 19
b, 2T EVE SRR A 7 vh Ry 3 ™ E A O U
Tz — A E IR R F AR CENS
85,2011 58155, 2014; PAIIIIRAE, 2018) o KA LISK
BE/NVE D BT E 2 DT B 3, Birs
A A ML S AURR RO BR S , b A Bk 25
BEPER, 5k BA 1 22, JULR TR 2 TR 2HS 24 500 % ol 3
5 X ARSEAR A AN 4 R A SR (MR 46,
2017) , RIHWF AR RE 22421 A% ORI Bk R
IBIR BA H R L

TR P A% R B 6 5 R AT B, 2kl
g (O A RRSL R SR I T 0 22— (BR8N 55, 20235
TREAE,2023), HEC TR IR PAHLINVE O B
IBFRIGE B Z | nAHE 3555 (2011 ) 2% A 45 A
3% (2013) K P ER 18 18 78 Beauveria bassiana % #k
ANE I B BOR PR L TE BB RNV O T T
R WS I 5 25 (2012) B 5% & B0 B3 B 40 7
Isaria farinosa XAk/INE O U EE T 8K, /T H T 15
ARV L (O T A B G RN O HL Y
W RIEEL D o VD H TR Serratia marcescens
RER YL 2Rl R (4455, 2015) , HHA &80 )
(Jeong et al.,2010) o WNZE TV H [QTR X AR 44 1 He-
licoverpa armigera (Mohan et al., 2011) | A ¥ K ik
Manduca sexta (Jensen et al., 2020) | &} 7% 7% 1
Spodoptera frugiperda (Mason et al., 2022) | ¥ ¥ HL
Tenebrio molitor (Dupriez et al., 2022 ) Fll £ K& Os-
trinia furnacalis (CGEFERRSE , 2024) Y BURIEH , &
MR BV o IR R ), ATV T2 50 F Ry By
ifi s Tao et al. (2022) % B[] — bk 3 ot 0 Ey IQ B 0 i
3% gk Spodoptera exigua K 5 WL | Z &% Bombyx
mori FFEHSCR Mk Spodoptera litura 55 JLFM 85 H B
AR TEA R, R R — R R R PR
Li et al. (2023) W52 ¢ BL A 5 0 75 G 1 E 10 ) 2 it
ALEHES = (B NUUSSS i iR AN E=Pak 7 YN
0 B GE .

S B IG R /IO L A R I D, DU E
Tk /N O B4 AR P 23 2 0 1 RRBRTRR CS-1, R

AR ULEE A B A AR DN B o3 LE 2
FAXS HgAT 95 | SR IR HLL I € P ik CS-1 & 1%
VORI DA VRO R /N B O HO B AR 9 1 J AR I
[i) A= iy 2 5 1A DA TR PR CS-1 & B RO Bb /N0
AR EE VEIH SFRERZm , DU R 5 B TG
R A B A IR/ NV O U A W B R R 2

1 Rl 5 A%

1.1 ##

MU B R AR . T 2022 4F 7 H 721 T4 2490
T E O A2 Bt SRS BIFTE I 5 1 B R AR
BERIBEFE VD TR ICFE A BOE RPN E O 2 )
% BURHE T 53 B8 Al A AR A R . Bk/NVE
O HURIL T4 2T o E RO R =B RIS BT A
A SR S A, TR TR BE (25+1) °C A X B
(70£5)% G 15 L:9 DAY A T4 h A A
S FL AN A ) 2% H R0 7 4 el S SR T W, R AE 6
JEE S D FH (B SR AR 5 5 N AP ST AT R R &
L BATES SR 104, BegAgh i, W
SR A E RO B B SRR AT T iR AR i g B
KAk

Ri g3k B FR BUIR (nutrient agar, NA ) 55 77 5 Al
SN0 g SAALEN 5 g BUIE 15 g AR 3 g;
NA 15 5% 58 B A U8 hn 3t Big B R 35 57 N % (nurient
broth, NB) 5 7% 3&

TR R AN - 22 R 0] &, U 2O 5 R
B RA R AT AR R AR S 5, 5 B SR
TN Pl P A W AR AT PR S ) 5 A1 TR DNA BRI 2 3
7| & \MiniBEST Universal Genomic DNA Extraction
Kit i %) & , H /& TaKaRa /A # ; ExTaq . 10xExTag
Buffer .dNTP Mixture, H 4% TaKaRa 2 ] ; HoAth i 55
YN E P il . SPX-250B-Z B A AL R4 , it
RS A BRZA 7] ; LDZM-40K CS-T157 3K 1175895
K, LI LT8R s DY Y-6C B L IKAY,
Jb S —A4AR ) s Multifugex 1R /5538 4 5.0 AL, b
TR 6 B & A PR F] 5 Leica DM5000B i
WA S  Leica HC PL %%, 78]+ Leica/y Hl o
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1.2 Ak
1.2.1 JR/RTA 65 B AL B AT #r Kok N 3R 3E

TEH AR R 2T AR FRGE DI B B VD B R IR 1R 3k
FERIBR/INE O U AR L AR R 70% TAS T B8 )5
BT AR R WBGE f ARV E T 1.5 mL G
B I A FER K BEFE , O F A FEER K 2
255 1 mL; WHL 100 pL A1 3R AR I 5 R0 B NA 1%
TR B R IR PRI (A VR BT I NA AR I,
KR IE D B TR, T 4 CORFE A& H (5
WAAE,2020) o BT B I B DA P HEFT 2286 100 mL
NB #5219 250 mL #EE IR, T30 °C 180 r/min
ZAF FIEAL 12 h, WO mL HREE 25 — 1 NB
AR AR R 24 h( I 255,2014) . EH303k
K/N—F AR ECH: B /N0 R A RS T
WHIZ L 8 s, B 5 B T AT S 7K R (50+5) %R
K AEA TR 3R, 48 h 5 PREBUBRE Bk /N0 HL %)
e IR AR R T 43 B X oy B AR R PR PR
PATTE A FE SR , S0 UF 30wt
1.2.2  JRR A TG S4FAEFe A& 28 A s ] 2

TEASHFHE UL K B RR CS-1 2 Rh I NA B F7 5%
b, 30 CIEEREFE48 h, WEHE R I A KGN JE
RANE, WEE 104 PLET

Az A A AP ) S 5 < T 1 TR C R K Tk B A
b AR A R R PR IR MR CS-1 56 22 & T JC B K
R AU i B o B 7 (S ey BT AN A R B
Pyt B )5 T8 TS, R # R0
Al S T S R 2R D S LA R AL L
LR RZEWE LR RN ER H R B
AL AW AR PR A2 AT S K R
MRURAZ T 3] 2~ B8 A8 N, AR I S I 20 4 72 A o
FEPEABA P G RE(E4E,2022) iR 88 42 31K,
123 RERANSTFAEMFRRER

H 157748 h I NA BRI FHRHLR R CS-111% 59
PATETE A BIHER R 5> 100 mL NB B35t rp fH I
FEIRKG % 24 hARIG PR &R R . B 1.5 mL AR &
A% 42 L4 TR DINA. 5 PR 2 38 51) 46 10 B 5 2 B0 Bk
CS-1 1 DNA, >k HIi# 514 27F (5'-AGAGTTTG-
ATCCTGGCTCAG-3' )/1492R (5'-ACGGTTACCTT-
GTTACGACTT-3") (B¢ ¥t 4% , 2022) # 17 PCR §~
M4, 20 uL PCRAKFR : | NU#S 14745 1 pL.DNA 1 uL,
ExTaq 0.1 pL.10xExTag Buffer 2 pL .dNTP Mixture
1.6 pL.ddH,0 13.3 pL. PCR ¥ M4 FE)F . 98 °CFil AL
P£ 1 min; 98 CAEPE 10 5,52 CIB K 30 s,72 °CAEfi
1 min, JEH 307K ;72 CALEH 10 min, PCR =%

1% 35 B M 1 FL ARG U i 25705 795 T KN, 8
PCR Wik 20 50 /S A HE R I I B A FR 2 w1
JT B Iy 235 R AT 2 NCBI_E A7 He X oM (253
2645 2020) , FH Clustal W 4%+ H NCBI SR 14
H RS (A AEARLRE 558 i 1) ) 2 LAt e I 1 1 91 5
BE CS-1 /7 51317 2 )7 51 L X, R I MEGA 11 3K A
DAABHAAL FEHE AR, IF38 0 A 289532817 1 000 K
SR

1.2.4 SRR E MBS S 4 k64 At e

RERO BRIV (O H 22 A U B 0 - Pk
HU1.2.1 BT 7% 2 NB 3572 A, 730 °C 1180 r/min
ZM R K35 24 b, IR K C R 49531 A 1.00%
10°, 5.00x10°, 2.50x10°, 1.25x10%, 6.25x107 il 3.12x
10" CFU/mL (1 & B o Rk /INVED O e 2 4y e
FANF R B e e PR 8 s, LA T J0 A NB R 97 4%
HR R ) R B S AR U e A AN K i
S (50+£5) %A AN I EAAS em, FHEA9 em,
1519 em [ B R} & b AR Pk, AR 303k
W R 3AER ES L KIS AL e
I, BUARR 251 31 ) HL B0 AR 21 5 R R B
FET  IESRAET A TR IESE T3, B IEAET R =
(A BEBE T 2R - X BEFE 1% )/(1-XF B BE 7= ) x
100%. K FIMERAE 53 #7175 (Finney, 1952) 11585 11
[l )= 5 f AR B 0 [ 7 R R ORI B LC,,
FPEEIERT ] LT,

PRI BOB /N B O 2 A R B 0 - Pk
1.2 1 PRV ENBEFREE, 30 °C 180 r/min 251
FHEEFE 24 h, T 5 000 r/min 5044 F 5.0 10 min, 7
T, HUOTIE 2 TC /K BEG FE A 20 mL T 7K, #E
IR 5 1R 51 5 AR AR R, T AR T s 96
FHCE TR E RO E R 8.0x10° CFU/mL. Bk
J& 4 8.0x10° CFU/mL ABEWR, FH G TR 7K B i Ve J3E 43
S h 8.0x10°, 4.0x10°, 2.0x10°, 1.0x10%, 5.0x107 Fll
2.5x10" CFU/mL B 2, $e B 7 v 0 T &
WO R /N H S Sy ) 3 0
1.2.5  AZBER AR R ERIFEG R

R TVD B QTR B 43I 22 P 5 22 AR U8 B D7
fitF BEAR B AL T 5 B 7 MR f 1 (de Assis Alco-
forado Costa et al.,2019) , iX SL [ B HEAS 5E 2R
T 5 04 B 6, S BOCHL I 18 v B U 374 17 AE
T, H B RR ST AR PR MR R G
AL TR W v 4 e A F g AT i 8 H &l A 1 A
A NI S B2 A R a3 2k, I A A1 A = I
(IR PETIRE . S A T A, 2 o Vb T R /)
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B0 A Ay S B 52 0 (Variani et al., 2021) , 91l &
HOHR B T BOE R FE (1) TR Ak CS-1 & TR A /N
10 HUEE K AL AR S . AR 1.2.4 5 4
(8] )1 7 P bR CS-1 52 BE Ik /N ED O 3R 22 2
41 B BIER B LC,, S W SIEHR FE LC,, 7374 1.0
10° CFU/mL #1 5.0x10" CFU/mL, #% 18 1.2.4 J5 % id
B AR 5 B S B 1Y) TR A CS-1 A TRV, KBk
AN H K B T B B BT BB JE TR B
CS-1 KA hiZ 0 8 s, LA T Jo I NB i 77 3 it il
SRy %ol B IBCHS S R H AR AT R BB R (5K
50% 247 ) B 21 em Bt 14 em 5 8 em B IR &
PRI K P, B R KA 3 UCHAREE AT AL 0, i 5k
E A A A P B S ) & B DI AR
IR AP KPS U T AR 14 em 5
20 cm PYBEESET HP R4 T RO IR 3%, BEASBEES BT A 5 6
W R 5% W K ARIIEE , (IS 1 SRR AR
R BRAR, B OR T 1R, BB AL S X Al L 61
FA B HAC SR 0 i B SR AR A, B A 4
TAET IE SR F iy o MERL R DRI B 5 1 ™
B BT 2 13 ) TRDRR Sk 5= BT 4, O i 565 1 1K™ B
G VIR E0 T2 05 B s TRAR R r= B3, i s
S e R = I ET I BB . e AN A
SER RS HIB 0N B TR R A A RO
10~15%7, B FET 504 F, AFS2 810 B rE
500474 |, % H 08: 00, 14: 00 F120: 00 55 W< 11K
R AL 100, T S B AL 00 , 113 O L 5 B
ANFEEALRT , e vt A 50 b i LA, T AR
R A HTT LRSS, B H 08: 00, 14: 00 F120: 00
A 1 gl B BRSO, IF e SRl R E D
FIE SR B s Y E 2L 5 d NS TEA 4 Bl i
YIFF RN R A 4, G LR R, R
FETE R =0 T4l OB S 2 U< 100%

Z I (2002) J7 7 , R FHE 08 vk s FEOE
VT I kN B O S S B A R R
FRA A A JE A R 10345 SO I RE 114G 5 2R | Py BT
BRSP4 FE ] BIR B R SRR in A% e
[F] o HHHEGEAE R = Im,, WELHI K 3 =InR /T, AR
SER A =3 xIm, /R, JE B3 K R =e", P RE NS
] =In2/r, , 2XH 1 JRAT 2 —AMARTE x 301 8] A9 A7 7
2R, m Fe7NAE x T A1F- 5 B o RS B
1.3 #HESH

K FH SPSS 21.0 BRI B G HEA 5434 , g FH
/N i 35 7280 (least significant difference, LSD )i
11225 BB RS

2 BEREHM

2.1 BRRCS-1HTS4HE

ZRUGUE PR B A TR R S IR B R AR ] . 7E NA 85
FEIE 5 9% 24 hiF, AR CS-1 DU J& Y BRAT (A B V%
PPN ERERRFEETAYEBE D, kA
B, R OGH , 2ECRESE, ZHRIR

Bl1 BE#kCS-17E NAE SRR _FRRAET
Fig. 1 Morphological characterization of strain CS-1

on NA medium

2.2 EHRCS-1HEBEL T

PR CS-1 e 53 ik = 2 R A 20 , vT LA
Rl LB | LU RSP AZOME RS, N R FHVE 58 [OMI IR
R ORISR RS 0, R ik =0
FLORI R R ATE (R D), E 2 R a5 22T
0 B B R CS-1 0125 482 M B iV 75 QA S, mare-
escens o

=1 Btk CS-1 AR ESFIE

Table 1 Physiological and biochemical characteristics
of strain CS-1

W31 H 2

Tested item Reaction
5% J#% Ornithine +
#5154 f2 Lysine +

T 5 FOHIA R R Simmons citrate -
i fk & Hydrogen sulfide -
JRZE M Urease -
H 82T Methyl red -
X% R Phenylalanine
H # I Mannitol

JILEE Inositol

11174 Sorbitol

e WERE Ribohydrin
HiFB¥ Raffinose

2 ¥ Meliobiose -

+ o+ o+ o+

+: BHME; —: BHM:. +: Positive; —: negative.
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2.3 EHRCS-1H9 FEYMFELETE
PCR Y347 ¥ i B¢ 9K /A1 1 500 bp, NCBI
R4S 5 s, AR CS-1 585y a5 AL

JERiE100%. REKFEWER TR, EHKCS-15
FRV R IR R N —Z(F 2) . %5 ERFrk B ik
CS-1 R MBIV TR K S. marcescens .

WE LR YD KW Serratia nematodiphila strain XM7 (MT023384.1)
L 0.01 ) —{ g 2R YD IR Serratia nematodiphila strain AAUB77 (MW879458.1)

6

e —1)]

CS-1 (PQ252898)

100 ZRIWE K Serratia marcescens strain XG1S-1 (MF716676.1)

ZiFR Y KW Serratia marcescens subsp. sakuensis isolate PSB23 (HQ242736.1)
R LR YR IR Serratia nematodiphila strain PC-SG-50 (PP108004.1)

W i ybE IRE Serratia symbiotica strain CWBI-2.3 (GU394001.1)

79
—|— IR E KB Serratia plymuthica strain RVHI (AY394724.1)

YE K Serratia sp. strain Z7 (MK431393.1)

ZRIE K Serratia marcescens strain IAE169 (MK414866.1)
ZRIE KE Serratia marcescens strain HX-3 (KX461911.1)

B2 EF 16SrDNA EEFFIHEE 4% CS-1 MEMD EREEEKNRELEH
Fig. 2 Phylogenetic tree of strain CS-1 and Serratia spp. strains based on 16S rDNA gene sequence

2.4 BEERCS-13H/INE O HE BE R EYE
241 RFBAMRCS-UsH RS k2 3h4h & oz Ik

JERYL TR R CS-1 973, Bk /INVE O B HUF R
FEIHA b A B IR, SR TR R CS-1 24 h )5, S fg
B4 d (B 3-A) M LL , 224 G 3129218 5 B UL T ik

A B
e

W\

— ',
)
k]

CS-1 48 h i, &%) B 2 0 e 3R i 3% Bl
JIES SR, B B R a4 (61 3-B) , BUATT
AR AT 0 Bl % B (/] 3-C) , HE R A AR LT, A0k ik
filf A2 2D TR, e 2 AE T (K13-D) .

D

“ § Jrs

A (RS B 2R S 4R s C: g URIRARLT S R B s D: JET-4) M. A: Healthy larvae; B: larvae straightening

or shrinking; C: larvae reddening or blackening; D: dead larvae.

B3 BEK CS-1 FthR O B2 mEYER

Fig. 3 Symptoms of mature larvae of Carposina sasakii after infection with strain CS-1

2.4.2 HHRCS-1L BERATHONR S R4 R A
e 3.12x10°~1.00x10° CFU/mL i #k CS-1 &
PRV ALHE 7 d J5 , Bk /INVED O U Al R A IE AT %6
4 29.27%~80.49% , & W Ttk CS-1 K BN BE /N
O OB U 3 ) B B 3 B R AN . R EE
3.12x107.6.25%107 #1 1.25x10° CFU/mL Y £k CS-1
RBERAL I 1~4 d 5 , B/ E O B2 2 B AL IE
TR R 22 5 A8 B 3, A IR b B 1~4 d )5
(AL TEFE T 383447 K B 4 T 5 I A3 W B TR ik CS-1
REMAL IR 5~7 d 5 , Bk /B0 U2 2 U AR E
FET R AR 4 22 5 1 3 (P<0.05) , JU HOZ MR
5.00x10° CFU/mLF11.00x10° CFU/mLAYEfLCS-1%
TR AL B 6~7 d e , Bk /INE O HUE A B RS TE B

T %A T 59.04%~80.49% 2 1] , ik 2 &5 T HoAt e
(P<0.05,%2) . HHFkCS-1 & FER AL FEBE/INE O
FES K LC,  1.36x10° CFU/mL, ¥ 4 1.0x
10° CFU/mL I #k CS-1 & BEROS B/ N O 22 24
HAEY LT (R 2.93 d, R IATR PR CS-1 A& BT /)N
10 A RS B BOR 77
2.43  AARCS-1H B R E L) ke

Bl PR CS-1 B R 23 I, B/ N0
PG AR AL IE SR T R i BN (P<0.05) , MR
2.5%10~8.0x10* CFU/m Zb B 7 d J& , Bk /e L%
AN R IE BTN 28.05%~75.61% , Hith 4.0x
10° CFU/mL #18.0x10° CFU/mL b 3855 7 K Bif, Bk
B0 HUE AL B R IESET R 55 E] T 58.54%
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H175.61%, B m T HARE (P<0.05,33), BIFRCS-1  #JE }y 8.0x10° CFU/mL B2 O Bk /N U LT,
PR R RAC BRIV O LAY LC,, o 1.80%10° CFU/mL. #73.73 d, DL BBk IVES U e A ARER I EE H

R2 EHKCS-1 REEGXI BN O 2 HA) R IR IESE =%

Table 2 Corrected mortalities of strain CS-1 fermentation brothon mature larvae of Carposina sasakii %
W
Concentration/ 1d 2d 3d 4d 5d 6d 7d
(CFU/mL)

3.12x10’ 8.89+1.92a 13.33£3.33a 20.00+£0.00a  25.56+3.85a 25.00+0.00a 25.30+2.08a 29.27+422a
6.25x10’ 8.89+1.92a 16.67£5.77ab 22.224+5.09ab 28.89+1.92a 29.76+5.46 ab 34.94+6.26b 35.37+7.62a
1.25%10° 13.33+3.33 b 23.33+3.33 bc 26.67+3.33bc  31.11+3.85a 34.52+2.06 bc 44.5842.09 ¢ 52.44+3.66b
2.50%x10° 17.7841.92 ¢ 23.33+3.33bc 31.11£1.92cd 38.89£1.92b 40.48+5.46¢c 48.19+4.17c 56.10£7.32b
5.00x10° 18.89+1.92 ¢ 30.00+0.00 cd 36.67+3.33d  45.56+5.09c 48.81+2.06d 59.04£2.09d 68.29+2.11¢
1.00x10° 24.44+1.92d 35.56+5.09d 46.67+3.33 e  55.56+3.85d 63.10+546e¢ 72.29+552¢ 80.49+2.11d

F B B AR e . RN [R/NG FH: 3R 78 22 LSD i K 46 24 57 B 3% (P<0.05), Data in the table are mean+SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).

R3 HKRCS-1EHE

xRN R R L) R IESE TR

Table 3 Corrected mortalities of strain CS-1 suspension on mature larvae of Carposina sasakii %0
WE
Concentration/ 1d 2d 3d 4d 5d 6d 7d
(CFU/mL)

2.5%10’ 6.67£3.33a  12.22+3.85a 16.67+3.33a 18.89+1.92a  21.43+3.57a 26.5144.17a 28.05£5.59 a
5.0%10 6.67£3.33a 12.22+3.85a 18.89+6.94a 23.33+6.67ab 27.38+2.06a 28.92+2.09a 31.71+4.22 ab
1.0x10° 11.11£1.92 ab 14.4445.09a 18.89+3.85a 27.78+3.85abc 29.76+7.43 ab 31.33+7.23 ab 37.80+3.66 b
2.0x10° 11.11£1.92 ab 13.33+0.00a 22.22+3.85ab 32.22+3.85bc  36.90+4.12bc 39.76+5.52b 47.56+2.11 c
4.0x10° 14.44+5.09b  20.00+£8.82 ab 31.11£5.09 bc 36.67+3.33 ¢ 39.29+0.00c  49.40+£3.61 ¢  58.54+5.59d
8.0x10° 16.6743.33 b  26.67+£3.33b  38.89+7.70c 48.89+7.70d  57.14£6.19d 65.06+4.17d 75.61+2.11 ¢

R PR - B ARE 2 o TR SIS [R) /NG RER S 28 LSD A 46 22 5 .35 (P<0.05) ¢

Data in the table are mean+SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).

2.5 BIHRCS-13F#k/NE O B SLIE FhEE RO 2500
2.5.1 3PRLNES kB F A e

AN TRV B TR PR CS-1 & VR A BB X /N ol
HUBR AL W) K T D B R T A s 6
M EB M E2m(£4), 5.0<10" CFU/mL il
1.0x10° CFU/mL H# £ CS-1 & BER AL 5 , /N0
T e B T 43 ARk IR I 25 46 4 2.04 d A1 2.54 d

(P<0.05) , 1%l MU & 18 D7 09 0 ) oxo) B B 2 B K
1.77 d#12.67 d(P<0.05) ;1.0x10° CFU/mL F# ¥k CS-1
K EEW AL PR S, O9 A D A RN I g R T A )
7.17 d F14.33 d, ¥ 5 X% I 25 55 18 35 (P<0.05) , 1M
5.0x107 CFU/mL ¥ i &b B () B 2 B I3 0 F e o, o
FFar SRR 2ZE R AR E (R4).

R4 B CS-1 RERXHUNR O RER B H A& i3 m

Table 4 Effects of strain CS-1 fermentation broth on the development duration and lifespan of Carposina sasakii

K RO &8 Pl Developmental duration/d FFii Lifespan/d
Concentration of fermen-
tation broth/(CFU/mL) 5 Egg 4111 Larvae I Pupa e Female adult  #E 5 Male adult
Xf iR CK 6.30+£0.30 a 13.63+0.35 a 10.40+£0.72 a 7.17+£0.63 b 6.90+0.62 b
5.0x10’ 6.07+0.50 ab 15.40+£1.15b 11.10+£1.01 a 5.13+£0.48 a 5.84+0.37 b
1.0x10° 7.17+£0.51 b 16.30+£0.70 b 11.08+0.94 a 4.63+0.89 a 4.33+0.77 a

PR R S o RSN RING AR R 4 LSD LK I 25 53

.2 (P<0.05) . Data in the table are mean+SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).
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252 MNEEEHERGYA
AT e B TR AR CS-1 A IR AL BT AS /N B0 HE
FIIEH LI CRIAER  BEIRAL R kR i R

AR Fe A AN 71.67% F1127.26% , H. 5 Hofth 4b 35
£ 5 B2 (P<0.05) ;2 1 B TR Rk CS-1 & B AL $H
Jii, BRI AR i SRR SRR R R 2 RN

MG R (£ 5) . 1.0x10° CFU/mL B ¥k
CS-1 A& BRI AL RS, Bk /INET O A T 3 A 0 228 R0 )

RS EHCS-1 REBXHUNR O RE REFEENZN

Table 5 Effect of strain CS-1 fermentation broth concentration on the survival rates of different

B B TR IE (P<0.05,25) .,

developmental stages of Carposina sasakii

KRR O P B AL A SRR Jii S SYIAGIES
: TEH AU A ) - .
Concentration of Pupation rate/% Emergence Egg hatch Boring Exiting Survival
fermentation broth/( CFU/mL) P ? rate/% rate/% rate/% rate/% rate/%
X HE CK 86.67+1.44 b 81.63+10.47c 74.3843.47b 72.56£5.29b 34.11£2.50b 16.38+1.86b
5.0x10’ 81.90+2.97 b 61.29£10.00b 62.76+5.66a 60.61+3.28 a 28.22+1.40a 10.19+2.01 a
1.0x10’ 71.67+6.25 a 27.26+3.89a 62434821 a 61.25+1.03a 27.66+2.03a 8.57+1.30a

TR Y B AR E 22 . R AR RING BR824 LSD K 5 22 7 i 3 (P<0.05) . Data in the table are mean+SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).

2.53 ARG REE AW R

ASTR]HR BE TR PR CS-1 & B W AL BB /N0 L
B B HA | FE H 7 B R R S B A R
X7 BT B B (R 6) o 2R EE TR AR CS-
1 R FEWR AL BT, B/ N0 LS 7 DY St 0 B

H =R 25 5N 3 (H 3 B 8 I X IR (P<0.05)
5.0x10" CFU/mL Btk CS-1 & BERAL B , B/ NV O
Hap= B 5 6 BTG i 25 25 5%, 1117 1.0x10° CFU/mL &
PR CS-1 K BERALBG , Bb/INVE O HU™ B AR IR i
F Y% (P<0.05) .

6 EHK CS-1 REERXBE/NE O B B AR SE 1 OS2
Table 6 Effects of strain CS-1 fermentation broth on the fertility of Carposina sasakii

KW B G FAHE H R A 7R Bl Ss
: W RITY) . o . ,
Concentration of fermen- Preovinosition duration/d No. of eggs laid per day ~ Oviposition period/d No. of eggs laid per
tation broth/(CFU/mL ) P per female female
XTI CK 1.20+0.17 a 25.07+4.64 b 6.87+£0.51 b 170.61+18.42 b
5.0x10’ 1.30+£0.30 a 19.38+1.37 a 6.07+0.50 ab 117.72+14.30 a
1.0x10° 1.50+0.17 a 20.56+2.33 a 5.87£0.23 a 120.72+16.06 a

R P B YRR e ZE . R E NG PR 4 LSD VA K 56 22 55 1 35 (P<0.05) . Data in the table are mean+SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).

254 APARVRS kA4 B MR A S B ra

AN TR B TR BR CS-1 & P A B A /N 60 R,
SEOGAPREA PN B ROR AR B R T PR IG R RA F
TR TN ARR B () XA A S ) TSP 24 T4 30 0t 5
Wi (7). 5.0x10" CFU/mL A1 1.0x10° CFU/mL £
CS-1 R TFRAN IS Bk /N U USE IS TR PN B
2(0.08 d' A1 0.07 d) AT JE B 14 1 %2 (1.09 d'
1.07 d) 345 %F B 22 55 2 3 (P<0.05) , (H A 2
[ 25 SN 08 3 5 2 SR B ) TR AR CS-1 R BRI PR
MR/ INE U USSR A S B 2850 51 24.29 ki
PRFN15.50 R/A-K , FEE A% I [] 53 31 2y 8.47 d A1
10.06 d, 2 Mk JiE 2 [0] 22 5 . 3% (P<0.05) , H 5% fit
25 2% (P<0.05)

3 i

o TRV B HUR A M Re A T A
VA B E A8 1 (Medzhitov et al., 2012) . A58 44
IR, BRE CS-1 19 K& BER -5 B0 07 OB /INVE O 1
2 R EE ) SR R S W R RN . A
A (2014) WFFE B, B VDB TG B PS-1 BRI B
it 2% Bk B Phyllotreta striolata 3 & %1 1 35 71 & BH
SRR RN, SR T 45 RIS . AR AT 45 20
TR IR CS-1 & BERATEE NVE O G A LC,
1.36x10° CFU/mL, #¢J& A 1.0x10° CFU/mL & BER XS
FLT, M 2.93 d; B CS-1 REROBE/ N H A
LILC,, A 1.80%10° CFU/mL, #kFE 8.0x10° CFU/mL
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PR FE LT, 0 3.73 d, BEBA R R CS-1 0Bk /i
O BB R B B0 ) B0 HASCR AR, B Ab B
F TIOR3 40 R SR B E AL, (HL PR TSV 2R
AT RESEAET . T R Vb8 TR BUm HLEA AR
FHE , an 5 IE AR AE (2021) WF R 45 SR o B b 7R
PR T T TR OO o 4 5 1 A v B 1 L R
I TR AR A B 1A 335 4 A8 53 7T RE o A o P L PRt
R B A G AT BB 2 A A AR U7 205 Hu et al.
(2024) WF5¢ K IR o 10 7 QAT RE A 15 A A B0 Di-
aphorina citri J7 B M A A ZR C p53 25 1 FIER 1 il

FRIR , TR AH LA T4 i B 1 7K i 2
SR RmEMERET, A FEE HIET ; Jupa-
tanakul et al. (2020) i 53 U B 26 B V0 3 QR h &
e R fife L AR N AR B AUL T 5 Al A 4 o, X g
HA RN RFZ — £ Frik, #Bib 7R KR g
53 Wb 2 2K R AR A 1, DA ITTT A i 2 AL
o, RECAF AT AWFTREE R D WPk CS-1 &
WAL FRS  BE/ O OB A B SE TR H R
PRI, 50 FL I DR Al 2 T B S R e Al
NEE

K7 EKCS- 1 REERXI BN O R A S BB RSH 2N

Table 7 Effects of strain CS-1 fermentation broth on life cycle table parameters of Carposina sasakii

aalit3 WELE R ELEEY]-E S S ) AW E JI B R AR A P )
Concentration of fermentation  Intrinsic rate of ~ Net production Mean generation Finite rate Population double
broth/(CFU/mL) increase/(d™") rate rate/d time/(d™") of increase time/d

XA CK 0.10+0.01 b 48.33+6.29 ¢ 37.37<1.10 a 1.11+£0.01 b 6.70+£0.41 a

5.0x10 0.08+0.01 a 24.294+3.78 b 38.72+3.20 a 1.09+0.01 a 8.47+1.07 b

1.0x10° 0.07+0.01 a 15.50+1.80 a 39.68+1.95a 1.07+0.00 a 10.06+0.62 ¢

TR R R 2 . RIS RNG R 3R 28 LSD WL K6 25 5 i 2 (P<0.05) , Data in the table are mean=SD.

Different lowercase letters in the same column indicate significant difference by LSD test (P<0.05).

A iy JEI I R AF I8 RPTAN B DR A8 A X R
FREERZ M A AT 20 5 o Li et al. (2023) F 5% # A %6
Favbd TG X B A BOUEH , gt g AR K R
BB, AR A R R R AR CS-1 X6/ RO
Ay BT R M BTG R L T S M B
A B, Aggarwal et al.(2015) & BV E AL
RS VD TR ECRR S5 BURNSOR I 1) 1 5 PRI R L
Pk 8 K 7 K B BB 1T R, SAR I ST 4 R —
o AELSE MRS TR, 2 CS-1
Ab BT BN B O HUS G FRE (1) PN LG KR 14
SR R JE R R A ok Bt 2 AR, DA B R CS-1
XIRR/INEE U HUSE B AP A 8 KA P RIVE R, AN
il Tk /INE U LA A AT 3 T L I AR AT B
HUY PRI, PR R CS-1 Al Ak /N B gl
- g - IR AT I AR, TR N B
FRE A 08 - A R e . SV E QA PS-1 4k
PR, EHERER I 4y s B R B A7 15 S DL B R R A B
T332 3] S ZEAM R 2 740 ) SR S e AP A
K (L% ,2015), SAMREE R —3, Ui Z;
Jo v R TG B A B AR R A St A s . ASTA]
SRS R o VD TR ER B TR R AR [ R R A B0
FEAE 2S5, DR AR CS-1 %0 Hofth 2 sl 1y A= Wy s i
ARt —2 5% .

A=W 6 AT RO 1) % J& 7 1] (Marchiori

2023) , 2 pE RS Ty ARSI A S R B AR
72 A A T B R — b BRARL (%) A= 0 B3 765 %6 U (Ka-
kade et al., 2023 ; Prasad & Singh,2023) ., AR5 %
UG 5 VD 7R FC P CS-1 B X B /N B U B0 P
o HLBESZ MR A AR ETE . 3R 2R (2017 B ZE
J VbR QI HA i i JL T B (chitinase, Chi) 15
P, HEER 20 v 2084 Chid . ChiB Fl ChiC = bk
PR, o] D= A K LT e, JL T e B AR
(1) B By, B SR S i R
Bl AR R A ST A, LT g RE e A JL T
JoT, R B PR PR 254, DT 8 21 % USRI,
VR ST 0 LT FREEE BE XN E O B
HEAHEN, T2 T 5 TER TR,
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