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Research progress in biological control of major grape fruit diseases

LI Yan, WANG Sijia, LIU Yutong, LI Xinwei,PANG Jie, ZHANG Ziyi,
XU Guifu, LU Weixing, FU Xuechi, WANG Qi "

( Department of Plant Pathology, College of Plant Protection/State Key Laboratory of Agricultural and Forestry Biosecurity/
Key Laboratory of Pest Monitoring and Green Management, Ministry of Agriculture and
Rural Affairs,China Agricultural University, Beijing 100193, China)

Abstract : Fruit diseases in grape production seriously affects grape yield, commercial quality, and wine-making quality. With the
increasing demand for green and high-quality development of the grape industry and reduced use of chemical pesticides, biological
control has become an important component of sustainable management systems for grape fruit diseases. In recent years, diverse
biocontrol bacteria, antagonistic yeasts, yeast-like fungi, and filamentous fungi have been reported for the control of grape fruit
diseases , demonstrating promising application potential. This review first summarizes the major types and occurrence characteristics of
grape fruit diseases in China and systematically reviews the microbial biocontrol resources reported for their control. The major
mechanisms of disease suppression,including competition for nutrients and space, direct antagonism , and induced resistance ,are then
discussed. From the perspective of fruit-associated microbiomes, changes in microbial communities during disease development and
new strategies for identifying potential beneficial microorganisms are further analyzed. The registration and application status of live
microbial products for the control of grape fruit diseases worldwide is also summarized. On this basis,future directions for biological
control of grape fruit diseases are discussed ,with emphasis on improving systematic evaluation of biocontrol resources, strengthening
assessment of the ecological adaptability of candidate resources and causal validation of their modes of action, promoting precision
mining of beneficial microorganisms based on fruit-associated microbiomes, optimizing formulations , field application techniques,and
integrated disease management. These advances are expected to improve the stability and practical application value of biological
control for grape fruit diseases.
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Microdochium ZE22REH (F 1) .
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Table 1 Representative microbial biocontrol resources against grape gray mold

WD Atk F3l IR TR AR WGP Sk
Microbial category Strain Source Target pathogen Evaluation system Mode of action/active substance Reference
" o . , . - SR R R e 4 AR R 1
Bl B. ginsengihumi S38 HRMA T B. cinerea L 24 MR i A RTR R B T [25]
" . TP AR . ez o e SRRTERHEE RIS B 114 7 445 PAL,PPO
i B. subtilis K1 Wk B. cinerea TRIMITERIB R G SR 1 POD BRI [26]
o % T (Suaeda EZ:L i g e e iturin A Fil fengyein A ZSRAK, BRI R AN IR
i B. velezensis NH-13-5 glanca) T B cinerea TRIMITERIB R G SR AR LR [27]
- B. velezensis . o o HAHZHRIR R S AR A s W 5%
s PI.P7.PI1P4S TEMACARS 5. cinees BHAFPRINE ki st 290t LR ()
} B. breais FIAT-0809- N . S SRR EHAL JEAERERTE PPO 1 CAT i HE4ER,
Bl GLX+ Baclls spp. W REERLREE B cinerea BRI F LR Y W RiT [29]
i P. fluorescens ZX SR BRI B. cinerea [RAME R YIRR 5 S S 7% Yé)ﬁ&jiﬁﬁﬁl% BOMAR ML R R F [30-31]
TR
a5 S . P PR, 338 PAL,POD,PPO,CAT K B-1,3-
Pl L. plantarum CM-3 FUFFRTER bR B. cinerea R R R A B Bk (32]
—— . bacillaris G17515; LIPS . porenmae DOERER M TR 25 058 4 ] A 2R 6
T} SRR EF . caribica G187 - B. cinerea RO RS BN T 2 FA [33]
wws M. pulcherrima DiSVA 269; - : . Ny % NI N p S Rl LB P e g
e L BB BERE LA 4. pulludans DSVA 211 TR AL E B. cinerea TR B SR SI AT i i B RS S [34]
musmursn O O g o AOBSRRMRRRCRE (O IR DR (%)
M. fructicola NRRL Y-27328
M. aff. fructicola 1-UDM; e . o
FEEAS T R M. pulcherrima;; R A B. cinerea BRI Iﬁfﬂ%\ﬁ li:zﬁﬁ#ffﬂﬁﬁ\ﬂwlvkﬁ@@éﬁﬁ P 7 [36]
H.wwaram 55 BRI S S AL
B — M. pulcherrima TR SRR . e Yor g AWM A T R A A B-1,3-
BOARDRAR  wowenaes  pwemen P WEREEERC meseonsn, ensnenmsy
HREE T. citrinoviride GUI12 AR EY B. cinerea A R A ﬁ;gﬁﬂ%ﬂﬁ%ﬁﬁ IR RN T [38]
a WA
WREE M. majus CBS 152328 T A H AL B. cinerea WU R R £ BERRAJEA AL, JHREH LN E [39]

BB 3 M TR % e

T8 SCHRLLE 5 4R0F500 32 R BT 10 4R A T A1 | R Qe sl RO ME RO AT, T 1D,

Note ; Studies from the past five years were prioritized, with representative studies from the past ten years retained when they included field

validation , systematic evaluation ,or distinctive research value. The same as follow.
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Table 2 Representative microbial biocontrol resources against grape ripe rot, white rot,and sour rot
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B. amyloliquefaciens e 1 e e 1 8 -
" TR AT AREr 15 A . i, TREMIGER SRR G A R AT UL R R T, 36
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SRR R DRI R 2 SR A 7 R I e P i EE B WA AR BRI L 1Y B. amyloliquefaciens LJBAO1
1 B. velezensis LJBV047 R FEAK C. viniferum F C. gloeosporioides 2| 1 5 sz g 32 1 o B. velezensis P1.P7.
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C. fructicola Fl C. acutatum %5 22145 i A 75 5 2 SR S5 R R B8 HH ()3 R B L0 1Y Bk i A
M H N A Brevibacillus borstelensis SB4 1 B. subtilis RF1 FEARSNFEPLFEHTIE P, (5 1 Bl = S S0 HH (8] 1) 32F
—EIUE AN AR SC AT BN A B. velezensis KOF112 Al 4] C. gloeosporioides F- 854w % Mt kk I
{EP7TEa
2.2.2 HEER EPXT ORI O BERE IR A D A R AR TR A R A T SR R Y TR B2 B (S, cerevisiae)
LFA802 124 Fl GA8 S5 HR XTI C. gloeosporioides , Frfr GAS AEME 15 7 % S 1 4k 35 40 = R RE £, JF
YRR N AR SR S R R B ) A S IR A A R I W AIC pH R LA — il B fEAE O
WFFEATS A5 R A N T3NSR S B, XA TR] Colletotrichum Fiv %5 i Rl LA B 1 SR VER AR AR Y 14 B 976 i
HATHAE
223 HENEHEE A8 N EEBA B RS 2R, 2T R S A R
FTIE . AW MRS A iRE T Alternaria . Curvularia . Daldinia . Nigrospora 1 Fusarium 2RI
PR ECT , A A B AR T W W C. gloeosporioides YT 22442 Ak, SRR T oAl AR H 4 P9 2E LA
WRIHVE F7, W 7 A B R T HD3 1 77 A= (4 & 400 S T 40 61 3 28 S JEL T C. siamense™ . 5
ZEMIAT AR L, N AE BB WFIEAT LA B ATt 18 2 32, (ol /0 48 2 SR S A0 FH ) B 0GRS . ol T80 i e s vh A
O RE A L B B TR R, LT AR R T R B VR R AR AR VIR, BB, WA
LA T SV AR BT B A RN ) e R 2 8 1 DR
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B X 2 1R T R 1 A= 97 A 0 D O e AR G A PR, M B IR DA AR B A TR R T, AR L
Bacillus M1 Paenibacillus 1% 3 B 2F M0 B 1% 20 T8, Pseudomonas 1 Burkholderia %5 3F ZE W4 B, UL K
Streptomyces S5 HUETH , SETURERE M AR B LB SEED (32 2) o e i bk 5 B0k 50T 46 4 AR e i i 4 el
5, DR A HABAE YR PR B A AR
231 DUFREAAEAERERNMEE 2P A T A0 25 AT R RN 2 25 AT TR R 2 R AR B
UM EBERE . W SR B M T GSBMOS 1 DL SRS 2 MUAT 7 GSBZ09 3443 5 [ £t B 4 4 R P, 7T
EMH) Coniella W22 ERAMALT W14, I AE B HIH R SR A B R B B AL, Horh GSBZ09 i 1F 4
AR IO UE TR A A FH B 9 R G B R B T AOR VT i IR EE MUAT B ZBSF16 HOR IR TN AR
B, (TR 2 SR SR b X 8 9 2 3L HR At B Ak, O TR, 3 2R A 4 e AR b e 7, e R AR AL 4G
[l RRAI I B2 C. vitis J5 (0 G SR A I FE ) L U B0 2 AT T gf-4 1 ST1606 1) & % =) 5 i
JHCREL B b T 400 160 A 280 B T, I 5 3 A A2 A TR R B B R B R FH S RO IR R C 7
25 NANTE BRI P R SEPEAN LA R 38 o0 2Rk A B W 16 v S 7 9 g, (B 22 KIS AT e/ i 2 el Y 1)
B 8RN A 700 A P IR
2.3.2 AEFROAERMAE R SME S, Pseudomonas A1 Burkholderia 553F 28 M 40 T -t g i 18 B A By
BT, A RPRACIR Y B8 SRR (P. piscium ) G166 XT 1 JE i i HAT SR AE LM, I 0]
VR B R R I R SRS R SR A W S R IR R E AN SR R B ( B. gladioli) ZBSF BHOT
X P S AT 2 ol 25 s Do B T R T R 0 AR B AR R S BRI —E R
TR, Burkholderia J& £ & FMEOR WL BOR BB LE " BRI, PR SCTRRR E A it T i o T i
ARG LAV
233 MHEKE A CHIE FURE IS B B ST % el b R YR A B A B R T KS AT
C. diplodiella , J. 5 WEWRAE B R4 I 92 BRI — 2 BB AR YT AR S e 2 o 945 LA TR
T AN B AT Sy 32, s A | 5 AE A0 FH T8 Bl 24 1 5 TR AIESE
24 BEBRERNERRMEDTIR

AT R AT RS T R AR W A B A S L IR B R AR b TR BURYE A R R TET
R 22 Bk ( Candida sake) CPA-1 52 HETHEFEEC N RGEMACRE R (K 2) . 4 CPA-1 5IEH 8L 2P HIkS 45
IR L, T e A A 2 R % B AR B RE T, AR A AL 2 el AR AR e T T
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(B [RIAF053 (6 B A7 A 3y, L 58 77 o B s O 0 g e sl 1) ik e W1 B — S T e RERE 48
W A AEUXE L 52 4 SEL BT P I B I TR 2 Bl R SR L[] 3K 8 14 A i 7
2.5 EMBFETENERS HEEEXREEE

A HE 7 GO 15 XSO PPN SR B of TP IR 35 0 O R A T S AR SR RS R
AR (2 1 R 2) , i B = A0 AR E T R GEVEAY B RSP B B S I S A B
PR Qi ) B AR B AR SRR RS BERE W A WA 475 10 5 B MRy S PR 4P VR T L T 1) 360 B
AR BRI e IR TR oo 55 SRS O PR IR AR e RS T AR A A B R A B it 5 552 B L A% 1 A 23
FROMA DAL, g% 22 TR R AT 2 0 106 10 P i) ST, HESC B DA T 75 B A PR SN BRI 1, i 7
T AW H R w7 A= 2SO IE P | AL 5 B 3l 25 L R AR K il 26 0F 1 B RS E 5
FHAR 2 25300 KR et A AR A P S PR PR A 2 5 IR, 228t L 24RO T E SR 3 00 T A LB 1 e A
IR , 550 326 AR R A AT DE JC ) o A FH BOR FITIC E545 BRIt AT 15 58 3, TR G S 0 28 B AL RE TR AR e AL A
MR8 AT ke = 0 MR o I 5 A 9 0 DA e 1 A A AR 8 P PP A — 8 A 2 2 30— R R i~ I 1)
TR — AR ) AN — e 80t B AR A — it A BRI PEAR 18 8 HE B ORI 1A 2, O 45 5 T R A
PRI A4y AT 2 B SR T R BFLRE 0 PRI IO 1 R 24 790 e A 1 2 2 R R R AL o7 2T 55 N
A BETT 100 e TR R B AR B 88 0 IO 37 5 R A RS, 164 0 B 0000 -5 00 e 0 HE e, L v T ] 1o A
(E T PR R

3 BEEERLRELEHMEDBIB R

Az B A 0 2 SR S R B 32 SR SR S S (A SE A KPR A BT RCR SR
AU b R PUVE S T A A s A IR MK AR A S 1 SR A R R, L BB AR
AR R A HLY A SRR AR
3.1 EREZERES

F R G A 5 e R A 1A B A W) A H A T SR AL 7 2R S S e A T s
HR S A T AOBE IR AN TCHLITER | S WA 2 98 | I TR A e N R G B 0y 118 B A i & i it
TN AP Y RE S TE RS IR AR AR OCSE o U A a R a1, IR R R R 7R, BT 4
975 J5L o BT A 094 e st 1] Metschnikowia . Aureobasidium . Hanseniaspora . Starmerella F11 Meyerozyma A 2
SR T B AR A% 78 SRR TRT S0 F b AR s IR | SR LA T A 0 11 R R %0 R T R U 1
TEBERE (S. cerevisiae ) 7E BASE T b A7 36 X E R AW w4, S5 T HXF C. gloeosporioides [
11 R

BRICER R A= Wy A= A i 22 il A1 e o7 i o0 55 1) 0 i 38 3, 0 40 2B B T T ek R A 3 1 B
pulcherrimin JE Sl A 55 2% 17 kAR R Ge B AR it 121 mT R 2R AKF- , IR iUk SE 4 M. pulcherrima
PR IR BAT pulcherrimin AHSCERIE & BE 1, SMIECRMZK AT 1) 55 HCAM T 6 PR AR SER A, B gk il 2 5
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Table 3 Representative microbial biocontrol products registered abroad for grape fruit diseases

bR E (DER7ES R fh e S ARy FR FEl 22/ X

Target disease Microbial category Representative product and registration no. Active ingredient/strain Country/region

KT M Serenade % %] s EPA 264-1152  Reg.28549/28626/  B. subtilis/ B. amyloliquefaciens FEE s K

28627 . APVMA 82242 BVL 007918-00 QST 713 FI fE

P i '?I";;st{rrlo; MAPP 19204, EPA 70127-5, Reg. 31865/ amyloliquefaciens FZB24 R

IREEH Bl Serifel ; Reg.30054/33351 , APVMA 82600 B. amyloliquefaciens MBI 600 Ji%E K KA

IKFER 4 Double Nickel LC/55;Reg.31887/31888 B. amyloliquefaciens D747 gk

KB YA Sonata ASO;EPA 264-1153 B. pumilus QST 2808 %H

S, N Botector; MAPP 20000, EPA 86174-3,Reg.31248.  A. pullulans DSM 14940+DSM 3 [E | 3¢ [® | i &

b2y - E H

P BERHEEILE . pya 82495 BVL 007417-00 14941 e RIHIT f
TRBEIR/ IRAEI AN Fungisei/ AVIV BACIX; EPA 91473-1,93505-1 B. subtilis TAB/BS03 B

T YORMRIEYEE HSE 2 E EPA &K PMRA RAHIT. APVMA W 25 51 25 A& E BVL B 7 40e e S s S 3
Note : Data were compiled from official databases and labels of HSE, USEPA ,PMRA,APVMA ,the European Commission,and BVL.

R4 BREBRCATHERIFRENRAREREDED R

Table 4 Representative microbial biocontrol products registered in China for grape fruit diseases

R E EBZE HICIE S HRORST/ TR FRZY B
Target disease Microbial category Registration no. Active ingredient/strain Formulation and content

. - SR VE 2 AT -

I 72y 4 L9 ol

WA A PD20240501 B. amyloliquefaciens KN-527 BIFA (100 {2 CFU-mL™")
- FERVER 2 AT -

b 752 4 =03 ol

R A PD20211364 B. amyloliquefaciens QST713 AIEA (10 2 CFU-g™)
N MR ;

IR 2 2 R n SR vo!

KB R L PD20212932 T harzianum 1TR-2 AR (2 12 F g7

Y AT ‘
KA Fi LR PD20150694 ORI KAEORA (1 42 CFU-g7)
T. harzianum

s . KB . .

YR 2R TR PD20160752 . AR (2 /21T g7

Trichoderma spp.
_— . KB e .
RS LRI PD20101573 IKABORFI (1 4CHF-g7")

Trichoderma spp.

T BORMR IR AR M A A R A 24 25 0 B0 A B B0 T AR A B

Note ; Data were compiled from the pesticide registration database and registration amendments of the Ministry of Agriculture and Rural Affairs.

1) 37 R 1 35 R I3 55, 5638 77 i, FH S5 30 A A5 PR AR 2R 480 2 SR S 352 7 77 il B P 1o A
B BER b R B IR VT R TSRS TE A S A S R S b . B KR A —E
e A, S5 S PE AN ] X RS SR ARG R 5 s 0 B 0 RS M 5 BRAELA 7™ it I T 7]
RN SRV ARAR YL B B I S TR MR, I8 55 2 ML 5 Colletotrichum Bl 5 1185995 7= i o 45 4 1o T 55
T PR R ROR AN R G A 2R R ST AN R 2 IR o 7™ it DU 102 2% S Sz A5 SR 552 7 L I I B T TR 4
AR N R ILF S 5 E G0 E R [RIEE, 77 PP b B DG AR B A W fEAE # LT 1 1 FR
Ji RS A A B T 8 R AR T, DA S X A DG B A R i W ) S i

2)) TG 3 N A A SR AR PR B R BT &, 5637 i AR ] A SRR A B SR I S5 R
SR ' e IR T A it DAY v S AT 55 PR 3R 147 2 5 i A B W A A e B NSRRI 7 it O s e R 3 oy SR B A
AT 28 AT BT 300 P 24 422 23 R T D R B 58 355 o7 PR A () I 3, ek e o 711 L 2t 79 BT K o
Jit) By ) 4t v R 1T B 5 % AR A R ) 700 7 o A TR A0 L R A P R R T B R M 22 R
o) 70 D) 35 D A6 105 g o B RN ) S B RE ) o 7R A R v 3 A T 5 R BRI N FH 37 AR DR
(0 BT s PSR AR , BRI PR A A b, i — 2D QT R AR 2l B A T R A | IR e 1 B B IR PR R L 24
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FUAH AR R — B4

3) PEACBE N FHEOA , A T TN PSR E Gl 9 A 7777 s 4 B 88N AR T A A ) TR
5 HAMHE P T S UIANSE . KB )™ ity ] ISR AE 3] B RE AT 5% SRR S50 35 2 R B BUE ST i
I 5 5 BAFIA 7 it O T AL S0 4l SRS OR AR st S iy ey TS M P 5 13 JE 0 7 o 7 45 5 TR PR 7 LR
JE AN SRR 1714 B G 5 TR0 ™ ot DU L5 9 2R R B e SR R0 DX B I i 2R A5
MERCES o 2 N i 20 i 22 AF 03 RIS RIS T A9 T 1) 6, 1O e T EsF 300t P 52 P 1]
1, DR SR AU, A= 24 790 e i TR P i ] B it FH AR 5 58

4) BB AL B ™ Sh AR LR 0 B P B D RERE (07, 781 40 R S T A D177 AN B ) B A T2 3% R )
AR A, AR 2550 T 00 IR 2R 00 2 il o0 08 b A 20 0 A4 97 50 45 4 Bl g ik A Ak
PR PR AR SRR O 10 5 R A R XU, 24 750 A8 40 2 5 5 it i ol I AR % 1 R A A0 1
AR AT PRI 5 SR i 5 77 P U0 07 -5 T 1R A RSR AR TS ORI s BE S RS ™ it L F A
B T 257 5 i) FEAR o IR ) AR % | HE S5 5 7 g D2 e 24530 £t AR O A R AE R AH OG T
SRR MZR G IRE.

6 SEERE

ARSI T EYIPAA C 5 S SR M ARSI O 3 B R REBIAE FIBLHI A b SR 5
FHR A LT ST L R A= B 77 i T A5 T I 7T B, AELAS TRl 7 22 [ R R 50 St e A e BE ATy AN 24016
B R R B ST AR LA 28 0 ity FE R X I R S © A Ao ade v A, EL FH ]
SR UE A ity A HE AT 75 055 5 PRI 52 525 9 PRI R AN G — BRI, AR ST SE 077 il T A ATS 5 553

A WIFTE R, 0 16 BRTRR AR PR SME BT TG -5 TR Bl 2380 22 18] AN A7 A 1 B R S 2R, LS PR Bl i 28R
32 PRI AT AL A7 5 RETHRE 7 PRBEIE NP B T & AR [ BEAR R B, R, AR SR EAY
JO7 SR AL TR R S AR SR A 10 R S D A Bl A B AR DL TEC, I A v TR 5 A AT TR R | R R A
TIE AR T [E] 186 K AR T TEEAN B9 R GEVF A AR o o SRR 22 R L W N AP 7, D S
T i MBS Colletotrichum FhAVANIRIEON J1BRIRE , FUB A RLAS 5 FE R SRR AN 1A, TG Ao I 75
RHRERS WA B R I A 2 o B 2 450 O AR R | 18 AT R BRI P AL 27 > 45 05 TR B 6 TR RS A
A ACHHRAIE 2 B RE ) BRI IE I R TR B 25 S50 8, B vos i e W DT O 8 R AR

VEFIBLRIBT AT 5 2t — A s AR e, F AT, BTG 1R T s % A P TRt sl R A 2 v A bt
R ) 5 I R R AR 4 2R, 22 R BE UL IR AR A, i AN 2 Lt E R B R SEBR T ik, 5 Jm D45
W PEY By 1 5 5 i DI RESEDN R AN IRAD TS UL B AG B AR By AR R DL P k2 2 B0 B, WA
[RIAILA 7305 A A6 AF R A T SRR ik, R, SRR SR A Wy LT TS 2 T, 30 2 SR S 35 9 kA B
BE ol A e Vs S5 A RN D B, B — o D B RS A AN BE 5 B T E A L RS I A S B 70 A e il
b aE AT B SRR B OB KBRS (kb AR AL AR AL OV A, S0 EA VA W S
T Z 1R] Y PR OG-, Do e A By B IR R 4 A

TE R 2 10T 78 4 RS AR B A AN BRI R T LA SR — R e 7= il B A S A BRI 1) T I AR Bl 7 &
AR 7 XA IR 75, 0 A R0 Y e IR 39 B TE 5 A8 BRI , O 2 )7 7 ot A 25 5 I LA
Fo BRTE  ARRMIFFE LS N A= B 5% PR A A 2505 IO AR B B¢ PR R BRI LA SRR W e v DO REAY
figp AT, $HE Sl H A SR S T A MBI IR R — BRTRR BN DUIE AL R 2 R T A R S AR B (R A A A 259
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