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# E [HHB] MNHE/RAMERE Beauveria bassiana Xf HH B 5% Adelphocoris suturalis FUEUHEALHI, FHE
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Electron microscopic observation of infection of
Adelphocoris suturalis by Beauveria bassiana

ZHANG Xiao LIU Jia YANG Yi-Hua WU Shu-Wen™
(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract [Objectives] To revea the pathogenic mechanism of infection of Beauveria bassiana and investigate the effectiveness
of B. bassiana as a biological control for mirid bugs. [Methods] The process of infection of Adelphocoris suturalis by the
Bb-VIII strain of B. bassiana was observed with both scanning and transmission electron microscopy. [Results] At the
beginning of inoculation, B. bassiana adhered to epidermal folds, depressions and body joints of A. suturalis. After 16 h
germinated conidia formed germ tubes that invaded the cuticle of A. suturalis with the aid of extracellular hydrolyzing
enzymes and mechanical stress. After 36-72 h hyphal bodies had invaded muscle tissue, the fat body, intestinal villi, proliferating
in the body cavity by both septation and budding. Finally, after 48 h hyphae emerged from the cuticle and developed into aerial
hyphae and conidia. The cuticle of dead A. suturalis was completely covered by hyphae. [Conclusion] Attachment of B.
bassiana conidiais affected by structural features of the body wall of A. suturalis. The infection process was completed within
48 h of inoculation, which shows that B. bassiana is highly pathogenic to A. suturalis. The mechanism by which hyphae
invade the host cuticle involves not only mechanical pressure but also extracellular hydrolase.
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LA ¥4 TP E K IR Ostrinia furnacalis & 0 i3,
FEHIRORIE 79%-87% (BRIES™, 2014; 5
25 2018; i, 2020) o AN, PR T
TRiIA IS | JHHH Lasioderma serricorne,
# &l Bemisia tabaci . #i#%F Aphis gossypii. /N
Plutella xylostella, 17 R i# Apocheima cinerarius,
SESI4 Curculio davidi SFAMRE HL (X1 25255,
2009; BMEAEEZE, 2014; F£&55, 2004; £
BANGE, 2015; WRET 4, 2015; PREHISE , 2017;
XIBLEE, 2020) , Xt 2019 4E 15 IR AR F FH i
ST R HE H R 9T R Spodoptera frugiperda
WA B ECHE 1 (2 E S, 2019; 7 DFHRE 4,
2020) .

i = S R R AR AR AR T Y
H, Bk 50 A (RS, 2007 ). B
4 ]l R USRI Oy 2 AR, 1T HLE
R P A 5 I, e E (L EE
&5, 2015), FREHH EEALEH Apolygus
lucorum, M EH % Lygus pratensis. B E %
Adelphocoris suturalis. & 7% H % Adelphocoris
lineolatus Fl1 = & & 75 H % Adelphocoris
fasciaticollis & JLFI, [ AU DL 3E P M0 55 0%
Lygus lineolaris, & 3<% 5% Lygus hesperus, £
EHHY Lygus rugulipennis S50 F 5 ™
H(FESE, 2007 ), IS4 R H IS LE AR H Y
KAH @M E, SRR Z R REY, k.
A OHEG AR BRSRAESZ B T AN R B R B
(RS, 2010), Rk, anfel ) AR B A
B 6 B I O A 7 L R A, R SRR
iR THEY L E I . B A
HRR AT B PHG AT T2 0098, 3kt
L TR M B R 5 I I B, T e 5 e HL 260
FIFEIE (Fitzgerald, 2004 ) ; FI{ER T 354
FH R HEPARCR B2 (Livetal., 2003;
Leland and Behle, 2005 ) . i} [l N ¢ A X
BB IGEIFAZIL (A~ WIES, 2010) .

A SCAE B I KA AR R VDS R R e
0 1 AT B R D IR SRR b, 20 BRI 1
PR ECR TEFE TR, R R 448 v 0 A s
SR PR I R T SR R 1A RN R R R Y
ot e, BEERAMEEX RSN E0REIL

i, IEA A BT R AR R
1 MREFE

11 #ilEH®EER

BRI R Ak Bb-VIT: 1000124 F/g,
HEKEREYHEAREBARAFR ., Bb-VIX}
MUE R Y LCso 4 2.44%10° fiF/mL, LTsp
S 2.37d; WHFHY LCso g 0.42%x10° #1F-/mL,
LTsom 1.86d (XIfE, 2015) .

TR . 2009 4FSR H VLI5AE SR DA H
MUTHH, FENAEMGTIGRSR. IR
Z ARG RESE (2008) Ay k. TR (26£1) °C,
FHXEE 70%-80%, SEJEIH 15L : 9D, LApYZ:
DM R E R A, R HUET L 5%HE K
HFE SR

1.2 ##h

W HL 150 SkPIfk 10 d i R E B RUR, 12
A LATG B /K T 1 1 1x 108 96 F-/mL 3RK7 1148 9
FEIFRH, 10s /e, g4 1 S ik
FEIT PR A3 Bl d e A K B A B304 N
IFLARRZE S LBk . R4 5 il , EHmA
2-3 /NBOEF U ZE G AR, SRS BTG
KA e AR, IRFR AR IR (2621) °C, Ot
JEI) 150 : 9D, DATGHE KR A B R xf e

13 HERER

FHF 4713 B, 7 208 R WL A BRORE R 1] 45 4
BRI 12, 16, 20, 24, 36, 48, 60 £l 72 h;
FHF 375 5 H - S FU 8 55 1) JBUARE B[] 8 4 3310 oy
HEFPJG 24, 30, 36, 42, 48, 54, 60, 66, 72,
84 #1196 h,,

14 HRBE5REUE

141 FAHBETFEREESNEESIE =
HEXEE (2015) (7 ik it A TR, Sl il 4 5 5% . fE
A HURE B[] S BB 6-8 ik, H2 A /NEg
DM, PL 1.0 mL2.5%I1) )% B B T [ E o
5 24 h 5 ik A 0.1 mol/L . pH 7.0 fUREAR
SRS P 3 YK, FFUR 10 ming SRR U
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50%. 70%. 80%K% 90%FH) Z B Xof ixt i 47 i 7k
T4, RURE AT 15 min, 5 100%2 FE K
3K, BRI 30 ming BT B E R 3 UK, AEYK 30 min.
B S I O AT BE R I & F - 20 °C¥%
RRAT

B ZRA7 AR, 76 H 57 ES-2030 ¥ 1% T
AT 24 h, BRJE IR e K Bk 3 e [ 2
#E H37-1010 B A e S I, TilmER
TAHEEE 10 nm 45, 5 J5 7€ H 57 S-3000N A 4% &
TR T B T S AR B A A T R
RN R E B ARRME . 01 E ZAERE,
FFARIL SR
142 EHBFEMEERNFISENE 2
PR S HESE (2005 ) 19 7 v HEA TAE 14 1 45 5 0
58, TERRHURE R [a] S FEALIR L 6-8 Sk Ay, &
TR S SRR G PO Ve R ] 1.4.1,
HUEZIE A 1%l E e idi 1 h, BHA

0.1 mol/L . pH 7.0 IR S Ml sk 31K, BFIK
15 min, SR FHAS AR B 1) £ BEstEA T B K 442
Tk 141, BTG i e FH R 8 i 57 7
2%, AR A, FH LKB-3 B A HLX L
U RS AT B, I B ER Sl . AT IE R
Yett,, feJE (e A7 H-7500 335 57 i 7 5 s T 0
MR TP BB RN IR Y S SEFE G B, I
EiShIATaE

2 HREHH

21 HEBRETRERERWE

FERERS 0-16 h 25l , BEE 4
T IR R E R R AUAKR I o 2 P R E IR
PREEY)BRESF R RN, A 0 A R B k¢
L6 S e X (O Y G = d A B R 1V G
1: A)./NIRZ[E] (181 1: B), WIE#S (& 1: C),
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Fig.1 Adhesion of Beauveria bassiana conidia to body wall of Adelphocoris suturalis

A. filfa; B. ZHR; C. mrl@iss; D. S, E Ai#; FO2; G, kMt
H. mifgr gz deat . Co: A AEMIF; Se: NIE,
A. Antenna; B. Compound eyes; C. Pronotum; D. Abdomen; E. Proala; F. Leg; G. Thejoint of head and thorax;
H. The joint of thorax and metathorax. Co: Conidia; Se: Setae.
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o R R AL AN i Ar (1. G-H),
EAEEHT P 3H D A7 R b, dn/ MR T
(& 1: B), ATMgFr I (B 1: C). MMk
(E1: D). AR (K 1: E), 2 (1 F)
AFEAL

22 AEEFERREEEE

1Al 16-20 h e, FEE N R H IR ARG
PEARAI  BIUIRN A T b JR E R AR RE 2 A 7
TIRA, WAANCHE (K 2. A) Bit—
AR L (ARSORMELR] ), I B R Yedh
R BOBIUATE I AR AAARBE o AR T 70 AR 76T R TR 22
[ i 22 73 WA S v i o R B, AP AR
A (K 2: B) . RHIFERZIE—-LTHER
B2, WIRRBZH R RS (1B 2: B) S
BERKERAEAIY (B 2. C) o ZFiERLJHM
R B Z TR, R T4 (] 2.

B) , RUHLE R L2 WAL Y AN iS50 1
TEMERLE.

23 HERETREESANTESERE

A 36 hJE, AfETERZTETRE
IRARER AT EILGE, S B AR, o
AT W] W3] P R I C R 1 B A= S
REB IR, RE R 22 H 2 A5
1RAHARIF BEMTE SRS RRAR B T 224K (18 3: A,
RIS 42 h); R ML A TE 22 0K 53 ifk SR AR 21
Ziky, REDFR B gAY (K 3. B, 4%
MG 42 h)o BB 22 R ) R H IR TR A
AEWIA, ZrfglglitE iz (| 3. C, %
M 48 h); NEZ ARILAHL, FHaIRALA
45K, AR ICIEIE R TS (18 3: D, &AM
J5i 60 h); ARIBRHE, FBUHILRGERE SR
Y, SERBESRZmNELT: (18 3: E,

EE'.-;

B2 BERENFERTHMHE
Fig. 2 Penetration process of Beauveria bassiana to Adelphocoris suturalis

A, TR 5

D. FBEW IR ARKIZT R R .

B. MUAMEHAMRL B C. B i i BUE S

Co: ﬁ‘i@%, GT: E“P%, Se: WIE;

Hy: H%2; ED: BRI, PH: 258 ®I%; Ha: Jt%; Cu: FIZ; Ep: K42,
A. Germinated conidia gave rise to germ tube; B. Extracellular hydrolase dissolved body wall; C. The penetrant hypha
invaded in cuticle with halation appearing; D. Cuticle deformed by invasion of a penetrant hypha. Co: Conidia; GT: Germ
tube; Se: Setae; Hy: Hyphae; ED: Enzymatic degradation; PH: Penetrant hyphae; Ha: Halation; Cu: Cuticle; Ep: Epidermis.
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Fig. 3 Incubation and proliferation of Beauveria bassiana in Adelphocoris suturalis

A. EHNZS5REZ0E, B WK B ERYIT; C WL ARIIAHLS,
D. WZIKARIGNIA: E WLEANERNIHE; F WLEIEARENITE. Cu: R,
HB: W£k; Flo: ZURYIFR; Fat: BeWGIA; Mu: L; 1V JEkSE.
A. Cuticle separated from epidermis; B. Flocculent material around hyphal body; C. Hyphal body invaded in muscle tissue;

D. Hyphal body invaded in fat body; E. Hyphal body invaded in intestinal villi; F. Hyphal body proliferated in body cavity.
Cu: Cuticle; HB: Hyphal body; Flo: Flocculent material; Fat: Fat body; Mu: Muscle; IV: Intestinal villi.

RS 66 h ), ERh 720 )5, EE R 2R
PR AR N T 4R DA 2 TR 22 B EAE SRR R
KT, P KMEE (E 3: F),

24 BEBARSEPREBAFELT

PeFP 48 h 5, R Y s A AR A 0w
FHERSECh RE S LRI, FIET
A, FUREREZ IR E SRS (F 4
Ao i ARRE I B 22 33— 2B Y SR TR 243
oA f AR A AR AT (B 4: B), 43/Eql
FHIEETREHER TR R (K 4: C),
i 2% T SRR 3R T B R ik T 22 BT 7 55 TR AR
(K 4. D),

1R 5 AT 3 A1 2S5 e ™ AR HLE SR
AN FECAR R A 216 IR KR IET, R E
96 h, RS PN 2244 kA A0 I T s s
(E 4: E), BHARENEZBHAEHRE

(@4: F)o
3 itig

i JirL L TR N 2 T R LA O LR 5 S 2 B
W&, —BaiEar o 5iE | e+
R WIMZEBER A . T FAERAE . #5355
A EEFR . TR LI FE R A 5
( Charnley, 1984; Clarkson and Charnley, 1996;
Leemon and Jonsson, 2002 )., 73 A i 45
WS T H f i | 4R ASHIRN A I 1 A e 7 R
WERR AR Y B, [R5 S H R 1e 5% T
AW AR EE PR EHBIRN A AR 5SS
SR Ay T B P e R 1) O LR L T R B IR
I, IR TR A M B s o R T
Bz %

o Jar L TR 2 2 AR 3R ) B A 52 i L B0
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4 hEEHBNEFE
Fig.4 Symptom appearance period of Beauveria bassiana to Adelphocoris suturalis

A. WAL B RUERZ Ko A7 Co oA hivE s D. HUAARE A R 2
E. Wi ELRMT; FREE LB 26T, Se: NIT; Co: /EfF; Hy: B#; HB: WLk,
A. Hyphae out of the cuticle; B. Aerial hyphae and conidium terrier; C. Conidiafell off on the cuticle;
D. Cuticle covered by hyphae; E. Cell apoptosis of hyphae occurred in body cavity; F. Hyphae on cuticle died.
Se: Setae; Co: Conidia; Hy: Hyphae; HB: Hyphal body.

TR R Z — o W58 45 5 3 BH P AR v ml A 2R
BIGRRIAT R EME, G S BAA R
P R B 2 A S o] T B A R i R
PRBER MR AL | (R SRR AL, TG 3 X3
WA Zp R bt BRA B B AE S R4 Apriona
germari 4y HL 3% {7 il i 2 B0 HH X 445 R 1 0 B
( ERRLL4E, 2009) , (HAEPE 4L 8] 5 Frankliniella
occidentalis A& RE il & BB A P HEmin (5K &
%, 2017) o S EMTHEEAS MR R 5
T A AR R Y BRI A 5, JUR AL
(R BEAT Bl T8 1 B R & (ko S5,
1994 ),

3 J5 L A 4 0 L A1 il e 5 IR 25 32 i L 1
g ph JE H R B B HLEE 2 — ( Charnley, 1984;
Clarkson and Charnley, 1996 ), BT EWiC
ST PR B R E S PSR VE R A1, R A
WLZE B B2 ) SR B0 AR 152 0, ZEAR AT
P e B A A8 IR 22 4 W6 il 25 ) o 5 B e
F R 5 AF 5 B R B 2 AN AR B 2
SER, NYERRE DT AR, TR 2R
BT, Fr B A 28 R R DR .
ICUEE , MAPMREZE A K A R R AR e b 2R

HisHSEOS T W EE RN 2 —, FFS0tE
HOR A5 V5 BB 22 U A i HABAR 8 = 4 a2 R
SE MM IR AE L 1 5 a2 — 25T

JO7 P P i T ) 5 ol &y o o ik A 7 A
YIBIGR T, s IR 2 5 B (B = Mg
%, 2003; AR5, 2010; HUSREE, 2020) .
T s R Y i S BRI, A AR ™
(R EHRE, 2015), XEFHABEEETE
W A= ) 7 96 BT T I AR Bk IR, ol T AR sl
PRI B i A AR, XA A R
1B WA Y PR A7 7E A BT 20 e 2R 1
L PR A AR VIR X o SR U 4 B 0 4, (R
S U 1R A B B T, LCso M 2.44%10°
7 /mL (X4, 2015) o FEAMLA BT LIA
BT X 2 s G W% Eurygaster integriceps Y45 Ht
s A B & H1EM ( Zibaee etal.,
2009 ) . IR R AERTIG B W T A e R
BV RE AN T & 1T 5% o

AWFgEH, 0 16 h 5B E R E AT
MEWE; 36h 5 S REWBEI AL XK, W
A FETR; BhEHIRAT UL, FEhRE S
FTBh RS I I ABET o R X v 2 0 1 3
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o5 HERE S50 5E RO BCRE FP I TR AHAE , BI7E 1x10% 40
FImL W R LTso N 2.37 d. ik R B AR YL AF
F R AR, RO S (EETAE,
2011; fa2FAc4E, 2011) . #EFRERMEAMER 8 h
J& , AT E VAR D IR R T IR A IR A
MBE (SREEHEAE, 2017) 5 midEfh 72h)5, BRI
PR A Y 23 A FF A e R &) FOK IS Peregrinus
maidis {4 RE [ff % 4b K5 & ( Toledo etal.,
2010) ; S4B LD65 kAL, LF68 Hitk
R B PR A B R 2 — (&
45, 2005) o R ARG TP AR Gyl 72
JrE 3 L T v P s U R R B ) A
(A N R o ARIF 98 45 5 IR AT Z 38 B B 1
T S RE A WA R B O B TR R
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