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Abstract: [Objective] To investigate the diversity of bacteria and fungi in the pathosphere of
Plasmopara viticola and screen out the strains with potential biocontrol effects on grape downy
mildew. [Methods] The leaves infected by P. viticola were collected from seven representative
grape-producing regions in northern and southern China in two consecutive years. The
collected leaves were cultured in a humid environment, and the newly growing downy mildew
was aseptically picked by forceps to prepare the sporangial suspensions of P. viticola. The
strains were isolated by the conventional culture method and identified based on the
morphological characteristics, BOX-PCR fingerprints, and molecular sequences. Furthermore,
the clustering analysis of different strains was conducted. Sporangial inhibition was tested with
equal volumes of strain suspension or fermentation mixed with the sporangial suspension of
P. viticola, and the control effects of isolates and their sterile fermentation against grape downy
mildew were tested on detached grape leaves. [Results] A total of 90 bacterial strains and
110 fungal strains were isolated, belonging to eight bacterial genera and 14 fungal genera,
respectively. The pathosphere of P. viticola in the same province and the same year exhibited
similar microbial community composition. Notably, strains of Pseudomonas spp. and
Cladosporium spp. exhibited stable populations on grape cultivars collected from different
provinces. A majority (over 80.0%) of strains with stable populations in two consecutive years
demonstrated significant biocontrol effects against grape downy mildew. Six Acremonium
strains with ubiquitous distribution demonstrated the biocontrol effect up to 100.0%. Sterile
fermentation of the fungal strains Aspergillus niger NX2F, Thecaphora amaranthi BJ1G, and
Rhizopus stolonifer BM1L showed the control effects of 100.0% against grape downy mildew.
[Conclusion] The culturable bacterial and fungal communities in the pathosphere of P. viticola
were mainly affected by geographical factors in different provinces, and most of the culturable
microorganisms presented stable and strong biocontrol effects on grape downy mildew. To the
best of our knowledge, it is the first comprehensive report that Acremonium spp. were epibiotic
fungi and consistently associated with P. viticola, providing rich and valuable biocontrol
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resources for grape downy mildew.

Keywords: biocontrol; culturable microorganisms; diversity; grape (Mitis vinifera); Plasmopara
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x1 #HilEERM KR
Table 1  Cultivars and sources of grapes
Treatments Locations Cultivars Years of Soil texture ~ Coordinates
2017a 2018 a cultivation classification
LJ1 LJ2 1L 7L ## Beizhen, Liaoning Kyohd 34 Silty loam  41°24'38"N, 121°72'40"E
BJ1 BJ2 LR Baoding, Hebei Kyoho 5-6 Silty loam 38°48'21"N, 115°25'39"E
BM1 BM2 Manicure

fingers
BHI1 BH2 Hongru
NX1 NX2 TR #H £ Xinxiang, Henan Summer black  3—4 Silty loam 35°17'14"N, 113°56'39"E
HCl  HC2  #imfFH Hengyang, Hunan Spine grape 13-14 Silty loam  26°52'46"'N, 112°3029"E
SJ1 SJ2 VY1 ‘E 2 Yibin, Sicuan Kyoho 4-5 Silty loam 28°47'44''N, 104°42'0"E
SX1 SX2 Centennial

seedless
GH1 GH2 Hift 2 M Lanzhou, Gansu Red globe 4-5 Silty loam  36°6'21"'N, 103°41'40"E
XX1  / BrEE 44 K57 Urumgi, Xinjiang Summer black  7-8 Silty loam  44°18'35"N, 86°3'52"E

/: Not available.
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Number of culturable bacterial and fungal strains in the pathosphere of Plasmopara viticola.

Figure 1

Number 1 and 2 under the horizontal axis represent the years of 2017 and 2018, respectively.

http://journals.im.ac.cn/actamicrocn



1632

SHI Xiaomeng et al. | Acta Microbiologica Snica, 2024, 64(5)

AN R AE A5y 1 AH W] 3 B K 2 800k T IR — 43 32 HOE
G ZAGIT, AEAS[R] M DX R[] B B K 2 BOE 2%
KRB E BRI EARRMZERE, RIAFE
by X2 7 B0 7 A P TR L P R R A R 22 S
M FEERE

AR FRFE, WEEH 1.0x10°4~/mL 94
25 A FUNRE AR B, TR A P T R Y
JEALE 1-10° CFU/mL £ /5 34.4%,10°~10° CFU/mL
M 61.1%, 10° CFU/mL L i 5 E 4.4%, F
JE f R 4 ARANTRE 23 3] AT A6 AR D )1 0 e
Az R TR A B ER L TR T L )T 1 X i
Az B R TR L ) A AT TR e AL T B U
A R LR 2R AT R R . 2B
IbF 5.0%10%-5.0x10° CFU/mL.
222 EHEEMHBEREESN

W 2B PR, MK T HRIE S FFIE . BOX-PCR
FROCEIE R A T2 e 452, B s iiasm
110 #RA % A A S W B H w0 14 18,
4% W b A% 70 J& (Cladosporium) . i i % )&

m Serratia
o Bacillus

2 100 000
1 400 000
700 000

o Pseudomonas

u Sphingobacterium
8 Methylorubrum

o Curtobacterium

® Rhodococcus

" Leucobacter

(Lecanicillium), FAEF A E (Simplicillium) . H
fiJ& (Fusarium) . k7% J& (Sarocladium) . 515
fJ& (Acremonium) . #2%5 J& (Rhizopus) . 12 1L
P4 J& (Fomitopsis) . #2423 14 J& (Thecaphora) .
21 ¥ +) & (Rhodotorula) . $U1  2¢ & (Paecilomyces) |
T %5 J& (Penicillium) . 55 )& (Aspergillus) Fil44 %
ft1)J& (Alternaria), MIEHRIES FRE, [A—Hb
DX [6]) it Ao FRRAN (] 4 3 1) A ) T R 72 A3/
EOR A X AR R R R R 2 HOE S E 78K, &
PPN [, XA 2 ) 260 2 B3 2 T L P 35 97 LA
ZHMFENEK,

MFEE FRF, WeEH 1.0x10°4>/mL [
A R TR T, W R R
JE7E 1-10° CFU/mL ¥ i 51.8%, 10°-10° CFU/mL
)1 46.4%, 10° CFU/mL A F# (5 EE 1.8%, F
FERZ 0 2 BRECTA 430 R DU )1 06 ) 2 A S 2h
B AT 1 %) 21 P B i RN T g B P ) 28 A B B R
FmwHER, ZHAERENFELT
5x10*-5x10° CFU/mL 2 [,

B 8 Cladosporium

8 Lecanicillium
n Simplicillium
" Fusarium

A Sarocladium
o Acremonium
o Rhizopus

o Fomitopsis

u Thecaphora

B Rhodotorula
8 Paecilomyces
B Penicillium

u Aspergillus

B Alternaria

1 800 000
ﬂl 200 000

600 000
0

? AEERBBERENEFMEMERAMNRBRRFE

Figure 2 Clustering and abundance analysis of culturable bacteria and fungi in the pathosphere of

Plasmopara viticola. A: Bacteria. B: Fungi.
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Figure 3 Composition of culturable bacteria and fungi in the pathosphere of Plasmopara viticola and
stability analysis of these strains. A: Composition and clustering charts at the genus level for culturable
bacteria. B: Composition and clustering charts at the genus level for culturable fungi. C: The bubble chart
shows the stable presence of genera and their abundance, and bar chart shows the total percentage of stable

presence of genera.
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Inhibition effect of microbial strains on sporangial germination of Plasmopara viticola and

biocontrol effect against grape downy mildew (GDM) on detached leaves. A: Bacterial strains. B: The top 4
bacteria with the best biocontrol effects. C: Fungal strains. D: The top 8 fungi with the best biocontrol effects. E:
Fungal strains of Acremonium spp. with better biocontrol effects. F: Symptoms of GDM on detached grape
leaves in control. G: Symptoms of GDM on detached grape leaves treatment with Acremonium strain SJ1E.
Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s

new multiple range test (the same below).
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HCI1A | NX1A BiGCRM S5 L E 3 PRC i 2
S, 0 96.3%. 98.8%. 97.5%F1 92.5%.
2.6 BELEENEEMFBBUFRNE

AN [F) VA B P AS [] A 3 ) 2 o A4 {5 i 2
MR, 25 °CIRIBREFR 6-8 d Ji, MRk
PRIE W, 2 WA 7 15k H A 40 T R L T T R ) A 4
5 2 TE B0 1

<l actamicro@im.ac.cn, & 010-64807516

* 2 TREMAEABREGEEERMER T
BHAMNEERREESKH R EXNESHE
SB1ER

Table 2 Inhibition effects of sterile fermentation
of different strains on sporangial germination of
Plasmopara viticola and biocontrol effects against
GDM on detached leaves

Treatments Species Inhibition = Biocontrol
effect (%) effect (%)
BJ1d C. herbarum 50.6+0.8d 96.3+1.3a
NX2F A. niger 87.3+6.6a 100.0+0.0a
BJ1G T. amaranthi 58.3+6.0cd 100.0+0.0a
BMI1L R. stolonifer 87.8+6.4a 100.0+0.0a
BJ1E1 A. sclerotigenum  52.54+5.4cd 98.8+2.4a
HC1A C. cladosporioides 81.7+5.5ab 97.5+1.9a
NXI1A C. cladosporioides 86.3+2.0a  92.5+1.1ab
SJ1E Acremoniumsp.  49.6+7.9d 86.3+1.3b
NX1J A. alternata 84.3+4.6a 76.3+1.0c
HCII Penicillium sp. 66.9+6.2bc  76.3+6.6¢
HCIE Acremonium sp. 88.0£3.2a 63.8+1.9d

Data were presented as mean+SE. Different lowercase
letters in the same column indicate significant difference at
P<0.05 level by Duncan’ s new multiple range test.

3 W54 ®

7 78] 7R B9 O A B R AL TR TR . A R R
FLIH . U4k f04% 55 B (Streptomyces viridospor us)
HH1 GRS A A = A e A A A s
A3 88 F A A ) N AE AR B ZEAAT IR (B. subtilis)
JL4 WIFER A R AN TR 5, DMBE A i
FFEFERE; My A E (Trichoderma harzianum)
T39 w] =& M A PLIL G P (volatile organic
compounds, VOCs)is A4 X F i A= pi>,
FZ R RR E B A i 551 Trichodex (Makhteshim
Ltd.), {HA )3z 0 4 2 5 20 i iR,
B A B B IR A B0 . ok KRN T IR AR
ARG

B AR A A P IR R B A LA, T
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