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Abstract: In order to clarify the effect of fungus Beauveria bassiana colonization on tomato plant dis-
ease resistance and its mechanism of action, conidial blastospores suspension of B. bassiana were inocu-
lated into tomato plants with root irrigation, and the resistance of tomato against gray mold caused by
Botrytis cinerea after colonization by B. bassiana was evaluated with artificial inoculation; the relative
content of B. bassiana at different positions of tomato leaves under the stress of B. cinerea was detect-
ed. The expression levels of three disease resistance genes, including oxalate oxidase (OXO), chitinase
(CHI) and ATP synthase (atpA) in tomato leaves were determined. The results showed that B. bassiana
colonization could improve resistance of tomato plants to gray mold, on the 5th day after B. cinerea in-
oculation, the incidence rate, lesion diameter and disease index in tomato decreased by 61.6%, 41.4%
and 26.4%, respectively. It is noteworthy that B. bassiana was more likely to accumulate in the infected
leaves and especially areas close to the infection sites, and up-regulated the expression levels of OXO,

CHI and atpA genes. The results indicated that B. bassiana could improve plant disease resistance
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through endophytic colonization and interaction with host plants, and have great application potential in

the field for the biological control of plant diseases.

Key words: Beauveria bassiana; endophytic; tomato gray mold; resistance; mechanism; recruitment

function; disease resistance gene
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i B 5 6 R 22 8] e SRR ek gy it AT 22 7
BEMER LS HAD R Duncan [GHT & M 22060047
25 B EVERK: . | GraphPad 8.0.2 #HT4 A,
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(P 1-A~B) 5 BR A 11 i Bl 42 Ak B2 98 i - 241
75 PDA F-HJH [ @ RE 3 IR e A s
ALK 1-C~D) o BRAH R A F A AL PR BRI
TR E RN 43.3% , 5 %0 IRZH [A] 22 5 . 35

50 um

A B: BOCH LR A R R IEA BRI R BRI R E S A A s C: XTRRZL; D BRIE AR A i

iR A H . A, B: Tomato leaves without or with Beauveria bassiana inoculation under confocal laser scanning micro-

scope; C: control; D: B. bassiana growing from tomato leave sections.
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Fig. 1 Endophytic colonization of Beauveria bassiana in tomato leaves
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R R A 86.67% , BR AL 17 1 + K B bl Ab B4 K
K 33.33%, KIFREAL61.54% (£ 1),

BRI AR R 242 1A PR AE A S R K B 5
BEPRE . T A AR BRI KBS R 2R S K, BRI I AR +

IR 2 A A FRZH T i A T B LA N TR
AL PR BT 3 AR 41.37% (£ 1) ;3K
AR PRI+ UK 2 PR A BEZH 0 I e IR o o 1 i A
T IR AL R, i HR 15 26.36% (% 1)

R1 BIM A RERRFELARFEEH

Table 1 Occurrence of gray mold and disease index of gray mold on tomato leaves

S EE] RS REEE A VAR R3S
Treatment Incidence rate/% Lession diameter/cm Disease index
X H8 Control 0.00+0.00 ¢ 0.00+0.00 ¢ 0.00+0.00 ¢
Bk 1 {5 Beauveria bassiana 0.000.00 ¢ 0.000.00 ¢ 0.00+0.00 ¢
PR SR+ KB 33.33+3.33 b 2.55+0.76 b 41.42+10.36 b
Beauveria bassiana+Botrytis cinerea
JKE5TH Botrytis cinerea 86.67+3.33 a 435+0.59 a 56.25£9.27 a

RPEE bR ERR . RS AN R]NG TR RS [ Ak P28 Duncan BT 2 M 28 1446960 22 5+ . #% (P<0.05) . Data are

mean+SE. Different lowercase letters in the same column indicate significant difference among different treatments by Duncan’ s

new multiple range test (P<0.05).
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TR B AR AL T A AR S, BRA P18 PR 7 2 i -
RN E RS AR — B 25 . TR K8
PR (CRE I ) I A 37, R P A AT 7
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TR AR P 3 o7 7 4R e T LA B
FE G 8 B oI B T A B (A B 0 ) B 7 i I
A7, 3RFRL P AR R 1 et B S T ) 1 im0
EARN S AR AR T o B P ER I AR R &
T B I B T 6 R A7 8 OO RS 8 ) 1 3 P
7, BRA R PR B IR 2T Il 2 AN IURE A B 2
96 h HUREIR , 1240 B AL ERTE A A 2 B A T T, 2%
ATHARE 5 300 A7 5 P BR A AR P P ARG B 2 (1R 2)
FEUH KA A8 RS 5 | RS Z it i AN TR B Bk geL
(R 5 e A A RO, BR A A B O - T S
[LEETEE AR
24 HAEAEREENERERITRAEEENER
TR B TR BRI R A BRA F i v
OXO ,CHI Fl atpA 3 PR 0 FH X 2 1k e 2440 X6 BR 4
([l 3-A~C) o JRBE TR0 5 72 h, BRI 18 1R b 2
L FIBR A i B+ R A A BRZE R e PN 3 R
3 DX B R DR R X 5 i 8 v TR BREL, 3 R O
HE PR 7E K 5 T A B PN AR X 5 A IG T  BE A (R
3-D~F). 5L, Tt &AM R, 2R A
B 2 M RRIEAE S B R I PTG (]
FeiR TR, SN e R ) 257 | RS T AT PR
PIPT AR I R ek i I %

3 i

T WA LR B AR T AR U P 4R 18 e
T 2004 4E i Ownley et al. (2004) %38 , %6757 & L
AR AL B 280 BRA PR R R A TR A 2
J& , BEAE A KA AR JE o 1) i 2 A 2Rt RO AL A R
AOEIR B B35 T %, Ownley et al.(2008) A A T
N T e s TR A 13 TR 1 B PR O AR AR O P
()52, B DA IRAED 1 1R TR B R ol 222 8 it o1 %o A )
= AR Y R AR . F, C TRk
R SR m A b U M A 5 32 B2 e, —
SERIFST SOM AR BT 1 3k AR AN R A 3 R AT
AN ) 7 A o) A s it 1 BT 0 4 FH (Barra-
Bucarei, 2019 ; Canassa et al.,2020) . ASHF57 % e
R R A0 1B AT 28 A 96 1 TR T AR AR N S B, 45
A, T AR IRA R TE T X A0 K
MIBTPE BT W TE e R N e IS AR, R
5 W Trichoderma spp. 5 127 8 B 5 5K FH RE W% 13 [7)
FEPUAR AN KN (R sm A, 2013) A B A= 9 2
FF 8 Peanibacillus spp. % i K B 9 U 2 AT 10/
AL D745 ,2022) , ASBIFGEE UCHE HE BR AL AL 1A
A SE T RE S IR ZEAE W) K TR I KL o AR ASBIFSE
TR PR TR 2 A A6 AR ) 2 B T A L T
TR AL, 2R A AR XA A T SR R ZEAE
Yy S5 Dy Wi I T 1G5, HAT0e A8CR A SE B 5 (Sui
et al.,2022) , 1 [E] P A MEE A G T 3Kk A 1 10 7 20 2 7
TAEH TR HGE , 76 )5 2e o b, a] LUF TR
o R TR 28 A 0 0 A2 W) e e v i — 2D O A OC
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Fig. 2 Relative expression level of Botrytis cinerea in different

AN RIE R
Relative expression level

positions of tomato leaves
Pl - bR . AN FRER R R AL
1] 2 Duncan [R5 22 B AG 0 22 5 {2 3% (P<0.05) . Data
are mean+SE. Different letters in the same column indicate sig-
nificant difference among different positions by Duncan’s new
multiple range test (P<0.05).
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OXORAXFFRIER Relative expression level of OXO
CHIFIXIFRIE & Relative expression level of CHI
()
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BS: Bkl F i 14 s BS+Bc: BR 1t 1 458 B + K % 14 5 Be

Botrytis cinerea; Be: Botrytis cinerea.

Control

St BS BS+Bc Be
Control

KbFR Treatment

FEAE RGBT AR AR A KA R 2 = 2 3
R X B PP (BS I 45, 2021b) o Sui et al.
(2022) Wi AR 5T 2 W1, B RAEARAE 52 21993 JiL 121 18
PG OLT Bk R B R AE 77 AR N B T L
RS R FOK I Fr R kA AR e
B, AR PR A 58 v R £ R AR R R, MeKin-
non et al.(2018) F1 Gange et al.(2019) th 42 i FE ¥ 5%
YA FEAEA Y raa i 2 FE 8 FH S B
MESTSER SR 5 S NI S8 W {29/ A7) S|
T, TR AR P R AR B AN [R) L B e A
I A [ 3 (S AR 25 s SA AN ], A ] T [ i
TR IR A, ELIA A A TR A BR A R TR AR X
Ot ey, U0 P ERTEL 48 R AR A R PN BB & AR K
B WriE T ANFEE AT AR RE R A A
HYHR N34, 25 A BB R . 2R A
PRI A A AR, BBAS 508 i BT 5w 97 0 RN 2 ]
T AP D T P 42 e e 7, [ sl ] e B4 5
SR G AR, I I AR B ) &
TR AR

1.54¢C
a
3 104
N}
k)
b —
E 0.54
=
.S
2 0.0+
BS L aNiic) BS
g Control
(&)
2.04
a =
i)
9
®
'
E
3
S

St BS BS+Bc Bce
Control

. K2 . BS: Beauveria bassiana; BS+Bc: Beauveria bassiana+

IREEEMWMKREEEME 72 W EH F AHRERE 0X0(A D) CHI(B .E)#l atpA(C .F) HIHEXT Rk 2
Fig. 3 Relative expression level of disease resistance genes OXO (A, D), CHI (B, E) and atpA (C, F) in tomato leaves before

and 72 h after Botrytis cinerea inoculation

P Bl S BRI bR R . R )N R R S [ b BB 28 Duncan [R50 22 TE A 96 22 S

2% (P<0.05), Data are

mean+SE. Different lowercase letters in the same column indicate significant difference among different treatments by Duncan’s

new multiple range test (P<0.05).



140 W BN B e A B 55 A O IR T A HA T LR 209

AN , ARG T OXO . CHI Fl atpA Hit
F D 5 81 X L A 42 o R A 11 488 T R K 2 AT ) il
2 BRERA 15 P A2 L RE 75 T2 AR AR PN AH DG 6 1R
Fiktw [, OXO HE R4 3 3 o0 K85 il ™= A=
Uk B SR IE R, OXO FE AR A2 2/ b B9 BF 7T 55
%, NI/ NAZ VR i ZEhmiC 8 R B, TEAi A=
KRG i B, SAMBBERS SR A Y 1 BT
J BE 77 (Caliskan & Cuming, 1998) . 7EAE %) B fH R
JR R AR R KGR MR R R R
FEMVEH , CHIF atpA 15 R LA I 2 253845 1) O
FL L Feak i B RS AP h0 1 % U1 AH 5C (Lorito
etal.,1998) . atpA FEH)7™= 41k ATP 4 B CF1 (4
o VA SR GRAAR S A R A G 1, LA
A=Y an 5 AR AR Wy 0 5 A AR Wu et
al. (2013) 52 W ATP & W CF 1o 30 507 REAS 2
HERER BN, FERL BT ERGaE . R L, ABF 98 Hh R
0 P B R S B S S T AR PN 3 R TR SEJE R 36
ik b F W R AR R J AR A R T R A P
{555 s AR kA AR AR YO T G 8

g5 LA AN 5 10 2o R BRA A B A -
s J TR 2 [ ) E AR ARy, ) T IR R TR 2 A A
- R B 5 T A AR T K B 1M A BR A 14
R ZE FEATL D R4 5 [n] 3% , 410 1 Dt o1 A A RN 7
P AH DG HE R ZRah 10 A EE AT T U P B T A
Prbda k(AL X HU A B S A = ) Y A G
A THERZBWRW T M. fElaseiffssd, ol isss
R FHERA U P 2F AR 0 1 A 2 R T R XA 4
I3 B BT IR IETT , BH A XA R S AR A 4 04 A= 25
VR, AR A= W B i S R HE T R AN
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