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Identification of grapevine root rot and screening of antagonistic bacterial strains
in Ningxia wine grape growing region
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Abstract: To identify the pathogens causing grapevine root rot in Ningxia Hui Autonomous Region
(hereinafter referred to as Ningxia) and to explore indigenous antagonistic microorganisms for develop-
ing biocontrol agents, grapevine samples with root rot symptoms were collected from representative
winery vineyards in five cities and counties of Ningxia. The pathogens were identified through isola-
tion, identification and pathogenicity tests. Using the more virulent pathogens as indicator strains and
the wine grape cultivar Cabernet Sauvignon as the experimental material, the biocontrol efficacy of bac-
teria isolated from the rhizosphere soil of healthy grapevines was evaluated through plate confrontation

assays, mycelial growth inhibition tests and pot experiments. The results showed that the pathogens
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causing grapevine root rot in Ningxia were Fusarium acuminatum, Fusarium solani, Rhizoctonia solani,
Neofusicoccum parvum and Lasiodiplodia theobromae, among which R. solani, N. parvum and L. theo-
bromae are new records as pathogens of grapevine root rot. Fusarium acuminatum, R. solani, N.
parvum and L. theobromae exhibited stronger pathogenicity. A total of 62 bacterial and actinomycete
strains with distinct colony morphologies were isolated from the rhizosphere soil of healthy grapevines,
and four strains exhibiting over 60% inhibitory activity against all four highly pathogenic fungi were
selected, namely Bacillus velezensis, Streptomyces alfalfae, Amycolatopsis orientalis and Streptomyces
griseus. Among these, the 10.0% sterile culture filtrate of B. velezensis exhibited the strongest inhibitory
effect against the four pathogens tested, with inhibition rates ranging from 80.56% to 84.65%, and its
volatile compounds exhibited the strongest inhibitory effect against L. theobromae, with an inhibition
rate of 73.67%. The three antagonistic actinomycetes showed differential inhibitory effects against dif-
ferent pathogens. Inoculation with the four antagonistic strains via wounded root irrigation inhibited
grapevine root rot to varying degrees and promoted an increase in root branch number, indicating that
these four antagonistic strains exhibit significant growth-promoting and disease-suppressing effects and
possess potential for development as biocontrol agents against grape root rot.

Key words: grapevine root rot; pathogen identification; antagonistic bacteria; antagonistic actinomy-

cetes; inhibitory effect; biological control; Ningxia
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MRIRFE JE 1, A8 A @, A: Healthy grapevine plants; B: diseased grapevine plants; C: yellowing leaves with scorched edges
on diseased grapevine plants; D: root morphology of healthy grapevine plants; E-G: necrosis and rot in the root collar and root

system of grapevines, turning dark brown in color.

1 TEEERE R EEER

Fig. 1 Symptoms of grapevine root rot in filed in Ningxia
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0.050 99, EIRT28RJIE Fusarium tuaranense NRRL 22231 (KC691570.1 )
(IR 87) DERERIIE Fusarium oligoseptatum NRRL 62579 (KC691566.1)
S8R IIE Fusarium obliquiseptatum NRRL 62611 (KC691576.1 )

100/ FR25
85 JE B8R TIE Fusarium solani RSGI (MF356592.1)

82 LTI Fusarium martii CBS 115659 (MH582405.1)

99

Y|

o5l | IR

00  XXK

FR2

BERE SRR TISE Fusarium staphyleae CBS 502.94 (MH862478.1)

SR R IIE Fusarium sublunatum CBS 189.34 (MH855485.1)
FELLBRTITE Fusarium lateritium CBS 633.76 (MH861014.1)

l%gﬁﬁﬁﬂ% Fusarium nurragi CBS 393.96 (MH862577.1)

99l BiTRIIE Fusarium acuminatum Pb-1.85 (PP774210.1)
WREMLTERIIE Fusarium aethiopicum CBS 122858 (MH863244.1)

1
N TR Neofusicoccum parvum 3-bye-10 (MN121536.1)
100 BB KZEEB Lasiodiplodia missouriana CBS 128311 (MH864853.1 )
WL‘—FWW‘%@:@E Lasiodiplodia pseudotheobromae DOREEN19 (OR211547.1)
97\ WA B =W Lasiodiplodia theobromae BT06 (KM357554.1)

| FR13
100 | SEAS224% 8 Rhizoctonia solani MML4008 (JX535011.1)

100 — XA L% Rhizoctonia bicornis BN (MN265843.1)
100— WA 241ZH Rhizoctonia endophytica CBS 257.60 (MH857976.1)

A1~A5: F#k FR18 FR25 FR13 FR2  XXK I ¥4 4 ; B1~B5: i #k FR18 ,FR25 FR13 \FR2 . XXK 434 70 1 M 22 I 255
C: R AR RS K B MW . A1-AS5: Colony morphology of pathogenic bacteria FR18, FR25, FR13, FR2, and XXK in
sequence; B1-B5: conidia and hyphal morphology of pathogenic bacteria FR18, FR25, FR13, FR2, and XXK in sequence; C: the
phylogenetic tree was constructed using the neighbor-joining method.
2 SHRREKRNESHEA-B) RETFITS FIMNRFEXZEWSH(C)
Fig. 2 Morphological characteristics (A-B) and ITS sequence phylogenetic tree analysis (C) of five isolated strains
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7 FRAS 45 BRI TS A %0751, A FH AR 3
WHRGEREBW . 4558 R, FkFR25 58 B k]
W F. solani BN—37 , A% SZRFE R 100%; F AL FR18
5B T 0 R R — 3, B2 SCRHEH 99% 5 TR PR
XXK 5/ Nt R N — 3, AZESLRHEN 100%;
PR FR2 SR AT B8 R RN — 32, A2 SCRHE
H97% ; IR FR13 57 R 22 A% R — 3, A2 K
FHEN 100% (K12-C) . B5GIEASHRHERITS 741
ARG KRG AT A F LU PR FR2S AR 1Y 35 Bk
B MRS58 I K2 ik T oA F. solani , VA RR FR18 Y,
P 19 BRI R4 A BTk T . acuminatum ,
PR XXK % /N se R AT N. parvum , UL TE
FR2 AR Y 3 PR R % ] 1] B 8 A1 L.

IR CK FR18 FR25

AT A AR 5 B« R A 4 RS AR RIRSLE |

theobromae , VAT #F FR13 A3 1Y 3 R A AR 9 48 22
RNIAGLLALTA R. solani
2.3 fRIEE R ERIIE

5 it BRI % AL PR AL LL L TR R FR2 \FR13 \FRI8,
FR25 FI XXK % 7 7 4 205 B2 BRI A o 1, EAR
7 dJEHEAR TR A B i A TT bR R v =
G, 40 dJ5m F RRAR B 2 ) 9 B EE kR AR
B (B 3-A) 5 B AF R AR ZE 5B U1 AT DL ) Kz R AR
F A AE A, HAR FR IR SEI SE T A 5 34 ) AR 253
J7 i) Ve 0 | S A R BUR R R A LU IR
A IRAE (K 3-B) o Atk —25 B SO B AP 2,
XPIR AR A AUHEAT T 6 R T 5, AR B MR S R
TE5 JFAZ R ik —32 (B 3-C) .

FR13 FR2 XXK

JEERE AR Ry R C AT B AR I VA TE & . A: Symptoms of

diseased grapevine plants after inoculated; B: necrosis and rot of root collar and root system of diseased grapevine plants inoculated,

showing dark brown discoloration; C: colony morphology of re-isolated strains.

B3 sHRARMES BERHEFERIE

Fig. 3 Pathogenicity verification of five representative isolated strains

24 HEREREDEKGEREINEER
241 HIAARG S BIHRLEBEFEL

DA it 5 I TP 7 2 AR s - g b Ay s el AR 15 2
62 MR TR VR TE A FFIEAAAE 25 5 TR , DA P
A4 9% JE 7 FR18 ,FR13 \ FR2 A1 XXK A ¥ FR B , X 43
B 62 KR PRI T 3 PRI A | I 15 2] 4 AR

il 2R KT 60% WIF5E LI , 4351 4 NVA-37 \NVA-
42 NVA-43 FINVA-60 ([ 4-A) o 2% R YL A 251
TR A RRFE DU R Y M BHPE B, HL7E GA LOA NA |
PYEB.YPME FI LB &l {4355 A AR A7, BN
22 K Fa e (B 4-C) s AR NVA-37 7E OA 1 72 4 I
PAPETE A IR R TR RE I Y R
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ZARY HL(E 4-B) , OSBRI AR AFTIR Sopm (51 HR:
W12 %58 N 2 OAT BB Bacillus TR ; # 7k NVA-42
FINVA-60 7F OA 55 5L T HLTR ¥t A0 ., i
T 28 HYUIR (K 4-B) 75 2R R 536 1
V& 1E S T S 3 AN ] (7 (181 4-C ), B Ao 8 TR

Fusarium Rhizoctonia

A8 Ny =
acuminatm 5 2 solani

PRA 22 IR IR , W20 %28 Wik 25 4 & Strepto-
myces Bk ; B & NVA-43 75 YPME & /R85 775 - 51
PR TR AU W, TRIVE I 2k SN EL e TR IR [
W, (a2 RH A (K 4-B), B OIS 12
B WIS A TCA R TR & Amycolatopsis TRIAK o

TR

& Neofusicoccum
Lasiodiplodia 73 NVA- g:zrvum
theobromaes - A8

A SR G B R A B s BT 3 OA Bi FR 3k L 555 14> YPME [EMAKE 37 88 5 C: A2 247435 GA
PYEB.YPME.OA NA I LB [E{A& 55 F2 5, FHEIETE , FHEM S IE . A: A longer and darker band indicates a higher inhibition
rate; B: the first three are OA medium, and the last one is YPME solid medium; C: left to right are GA, PYEB, YPME, OA, NA and
LB solid media, top row are front side; bottom row are back side.
E4 WERES BRI A E R R R A KA EER (A RERSLERE (B-C)
Fig. 4 Inhibitory effects of rhizosphere-isolated strains on the growth of grapevine root rot pathogens (A) and morphological

identification of antagonistic strains (B—C)

FRAE AR, HRVE R BB = A B P, SR 4 PR
PRI T 2 WAVE oy It B- 781 SR 2T 4 2R il 45
AN, i HA PR RERR R ME A BE )] . TR NVA-42,
NVA-43 FINVA-60 i 1] 4335 i .

242 ARG AT A HHE

FFE NVA-37 NVA-42 NVA-43 F1NVA-60 £ A]
TEVEA AN 55 37 5L | B- A SR AR B RSN 5 7 3k (47 4
BRI 15 73 A ARG 355 77 5 A B 20 DL FC G
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2.4.3 FEH A 16S IDNA F-5) o1

FT 16S IDNA JFHI I R G R B W Wos , 18
PR NVA-37 5 UM 2F AT I 3R o — 32, A28 SCHF
8} 97%; Itk NVA-42 5 E T5 5585 18 S. alfalfae
H—, H 2 T HHE N 93%; 1k NVA-43 5 45 1
TCALPFR R A. orientalis T H—32, 28 X HHE N 99%;

P Bk NVA-60 5 K (U 5ERE 18 S. griseus T — 32, H
2 SCRHE N 100% (K 5) . G5B TEAFHIE K ok 1%
SE L5 AL A TR R NVA-37 %58y DU 28 I AT 14 B.
subtilis , FIAK NVA-42 %52 W E 15 #5854 S. alfalfae,
PR NVA-43 %58 J AR JT A TSR TR A. orientalis
IR NVA-60 %858 N K EHER T S. griseus .

0.02 49| FERI L TE BEBRBE Amycolatopsis tolypomycina DSM 44544 (NR114882.1)

NVA-43
86 99

87

60 NVA-42

46| 8

100

i RINTCR BB B Amycolatopsis bullii SF27 (NR109301.1)
Y WIUTBEBRE Amycolatopsis plumensis SBHS Strpl (NR042809.1)

| T ERITHEBRE Amycolatopsis halotolerans N4-6 (NR043452.1)
D197 WL TSR EERE Amycolatopsis hippodromi $3.6 (NR117915.1)

R EBRE Amycolatopsis orientalis CUM-H002 (FJ455098.1)
94| MBI TCALBIREE Amycolatopsis rhizosphaerae TBRC 6029 (NR180744.1)

96 FRNBEHEEEE Amycolatopsis dongchuanensis YIM 75904 (NR109504.1)
9 rFERTHEEBRE Amycolatopsis xuchangensis CFH S0322 (NR164869.1)
44 BRI TSR B BR B Amycolatopsis antarctica AU-G6 (KX084450.1)
BB TR B BRE Amycolatopsis persicum 4NS15 (MN947980.1)

N EF/REEE Streptomyces thinghirensis S10 (NR116901.1)
63| | BETERBE Strepromyces typhae p1417 (MN737146.1)

T0(|L EBIREEBEE Streptomyces chromofuscus DSM 40273 (CP063374.1)

SRERE Streptomyces caeni HA15955 (KX090569.1)

90| IRLLBEBE W Streptomyces griseorubens JCM 4383 (MT760529.1)
HIREEERE Streptomyces albogriseolus ICM 4616 (MT760585.1)

o3| BB E Streptomyces alfalfue XY25 (NR147713.1)

1 R L BB Streptomyces abikoensis JICM 4002 (MT760471.1)

I~ S4B Streptomyces hiroshimensis NBRC 3720 (NR041211.1)
NVA-60

10017k 85 BB Streptomyces griseus NBRC 13037 (NR112347.1)

| EHEERFFE Bacillus altitudinis 41KF2b (NR042337.1)
WEEZEMUAFE Bacillus subtilis DSM 10 (NR027552.1)

AR HEEMUATE Bacillus nematocida B-16 (NR115325.1)

7] NVA-37
74 |J|'l SERTSEMFTE Bacillus velezensis SBB (OP218504.1)
75 WA ZERAFTE Bacillus licheniformis ATCC 14580 (NR074923.1)

33 AR AT B Bacillus licheniformis ATCC 14580 (K'Y034391.1)
99 | RBEKE HJUFFE Bacillus glycinifermentans GO-13 (KT005408.1)

69l ¥ RZEMIFF B Bacillus haynesii NRRL B-41327 (0Q921694.1)

5 ET16S rDNA F 5| USRI EME RN ERRBEXERNRELE I

Fig. 5 Phylogenetic analysis of antagonistic strains and related strains based on 16S rDNA sequences

using the neighbor-joining method

244 RRAMLARZIFRGITE LR

ARRAEBT R MRAN IRV JBE ) T R RS TR0 4 B i
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(R ) T ST B T T A g, HE 10.0% TG 15 FR 0 4 Fh

5 DL FR AT A R 44 KT 80.00% , 15 80.569%0~84.65%,
5.0% TG 15 37 WO [ B FR2 A1 XXK 4 il %43
R 64.79% F1 66.67% , 7] A5 5 il o 5L B A 22 /4
K 5 FE 0 TR Bk NVA-42 \NVA-43 F1 NVA-60 f 10.0%
TCTREE FE WX 4 Bl i T B0 — 2 ny ikl /R L B
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XF A T JE o P ol 5 SR ok 25 5, P S BT
Bk NVA-42 X955 J5 5 FR18 I ER2 [0 28 w5, 4%
R 53.25% F152.89% , 5 BT R NVA-43 X J7 B

Concentration
r 2.5%

NVA-374 5.0%
L 10.0%
r 2.5%
NVA-421 5.0% 36.58 26.14
L10.0% 53.25 32.20

L10.0%
r 2.5%

56.32

NVA-604 5.0% 34.03
L10.0% 54.47 33.32
FR18 FR13

FRI8 (MR =, N 56.32% , 53T H Ak NVA-60 Xif
I U PR FR 18 1 XXK 41 il R 55 15y , 405 R 54.47%
F153.49% ; X5 A IR A i R 55 22 (K1 6) .

k=
Inhibition rate/%
80.00
26.67 60.00
44.05 85102 40.00

52.89 44.14

950, 20.00
NVA-434 5.0% 46.75 35.49

44.19

43.92
53.49
FR2 XXK

6 HEFS dHEMEKTEERRRERELEKNNHER
Fig. 6 Inhibition of pathogen hyphal growth by 5-day antagonistic strain culture filtrates
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FEGERETE 7K O IO FGeES P AR B R
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5 PU A B NVA-37 X5 J5L & FR18 ,FR13 . FR2
FTXXK 5 | L AR 95 1 B TR AR i, A BT AL oy
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FHEA — e
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FH 4 BRAE DU R PR 10 15 32 W5 I ab 2+ 4 15 d
J& L 45 A RS A AR AR R A 1 22 SRR (& 10-
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FR18 FR13 FR2 XXK

A~D: X IRAT R 22235 3 E - NVA-42 To s H SR AR B] , 15 3k 7 O 17 22 1 BT MK 5 F - NVA-43 TC R IR OR35Sk s
W22 1B 3 G- NVA-37 TR TR AL B, 5 Sk 7 S T 22 HH M K T8 2 4 S5 &/ 7™ A R 453 5 H - NVA-60 TG 1 4%
FEWAL PR, 7 3k B 7R A B 22 SRl B Ik . A-D: Hyphal morphology of the control groups; E: after treatment with NVA-42
sterile culture solution, hyphae exhibited twisted and swollen, which marked with an arrow; F: after treatment with NVA-43 sterile
culture solution, hyphae showed swelling, which marked with an arrow; G: after treatment with NVA-37 sterile culture solution,
hyphae displayed twisted and swollen, ruptured cytoplasm leakage, and produced a large number of vacuoles, which marked with an

arrow; H: after treatment with NVA-60 sterile culture solution, hyphae manifested twisted and swollen, which marked with an arrow.

BE7 HERERIEE SRR EZLH R0
Fig. 7 Effects of sterile culture filtrates of biocontrol strains on pathogenic fungal hyphae
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FR2 FR13 FR18
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Bl 8 HEHEMIEL MY BRXH RS E 2 E K HER
Fig. 8 Inhibitory effect of volatile compounds on hyphal growth of pathogenic fungi

PR B g S P BB 22 o TR R 48 A S TR AR 25 57 (T35 (P<0.05,P<0.01 A1 P<0.001) . Data are meanSD.
* *¥* or *** indicates significant difference by ¢ test (P<0.05, P<0.01 or P<0.001).
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Fig. 9 Pot control efficacy of biocontrol strains against grapevine root rot in pot experiments
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Agusti-Brisach et al. (2012) B I 18 /1N A A B
J& Cylindrocladiella Y] C. parva 1 C. peruviana TE KX
A 23 77 X AT 5| 3B 4 4 AR 5 Alleinikova et al.
(2022) 7E 5 LUK %8 56 1+ 58 76 W & Dactylonec-
tria 1) D. macrodidyma K ] % AR 65 o5 B0 8 2P
Holkar et al.(2025) 38 1 [ 7 46 AR J o s Jirt
18 K Pl Fusarium acutatum ; Zhang et al. (2023) 7£
FE It 50T & B Fusarium commune B9 EC0 W HE 1] 5]

Xt e CK

NVA-37 NVA-42 NVA-43

S 7 %9 AL B 995 ; Wang et al. (2023) I 1 Y33 C.
peruviana £ E BT 51 A BRI . A5
W1 IS A T P 2 R R R T
TV B 2 T B ST 24 /N e i A ]
AL A, P BRI R RN, X Leh
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B R4 8E Number of root branches

xtHE CK
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10 4RERERN R BT HAREER
Fig. 10 Effect of antagonistic bacterial strains on root branching of potted grapevine plants

el A B i A IR U 2 R R R R 28 e R IR PR KGR 25 57 1 3 (P<0.01 A1 P<0.001) . Data are mean+SD. ** or ***

indicates significant difference by ¢ test (P<0.01 or P<0.001).
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