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Antagonistic activity of Bacillus amyloliquefaciens X60 against
tobacco phyllosphere microorganisms and its impact on
phyllosphere microbial community structure

ZHANG Qinye"?, CAI Liuti’, WANG Hancheng®’, CHEN Xingjiang®, LU Ning?, LI Fei'

1 School of Life Sciences, Guizhou Normal University, Guiyang, Guizhou, China

2 Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China

Abstract: [Objective] To investigate the antagonistic activity of Bacillus amyloliquefaciens X60
against tobacco phyllosphere microorganisms and its effects on the phyllosphere microbial
community of tobacco.[Methods] Bioactivity assays were conducted to evaluate the antagonistic
effects of B. amyloliquefaciens X60 against 20 species of pathogenic fungi, 15 species of non-
pathogenic fungi, 2 specialized forms of pathogenic bacteria, and 15 species of non-pathogenic
bacteria. Amplicon sequencing was employed to assess the influence of this strain on the
phyllosphere microbial community structure. [Results] B. amyloliquefaciens X60 exhibited strong
antagonistic activity (inhibition rates of 60.00%-80.00%) against 13 species of pathogenic fungi
(e.g., Rhizopus oryzae) and 12 species of non-pathogenic fungi (e.g., Trichoderma harzianum).
Moderate antagonism (inhibition rates of 10.00%-59.00%) was observed against 7 species of
pathogenic fungi (e.g., Alternaria tenuissima) and 3 species of non-pathogenic fungi (e.g., Thielavia
microspora). Significant antibacterial activity (inhibition zone diameter >20 mm) was detected
against 2 specialized forms of pathogenic bacteria (Pseudomonas syringae pv. tabaci and pv.
angulata) and 7 non-pathogenic bacteria (e.g., Exiguobacterium). After application, X60 showed
the control efficacy of 52.35% against tobacco leaf spot. Following treatment, the relative
abundance of Pantoea—a genus of opportunistic bacteria dominating the infected tissue—
increased, whereas bacterial diversity and richness initially declined and then recovered. Fungal
richness decreased throughout the observation period, while fungal diversity exhibited a transient
decrease followed by a rebound. The relative abundance of phytopathogenic fungi declined from
44.87% to 6.71%. [Conclusion] B. amyloliquefaciens X60 possesses a broad antimicrobial
spectrum and exerts strong antagonistic activity against 25 fungal and 9 bacterial species
colonizing the tobacco phyllosphere. Under field conditions, the strain provided 52.35% control of
tobacco leaf spot and significantly reduced the abundance of foliar phytopathogens, demonstrating
the potential as a biocontrol agent for the management of this disease.

Keywords: Bacillus amyloliquefaciens; antagonistic activity; disease control efficacy; amplicon
sequencing
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ZFAUAF R KN-527 (ROURHA A= YRR By A R
A, HERZGERR)S, YT R E R
Z R LR H AR

FARE PR A R O A S 3R B, WS
KREEE ., H . WEE . JRE Y Lk U35
. AR, MEMBREES RS T
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Table 1 Tested isolates

Strains Pathogenic strains Non-pathogenic strains

Fungi KAREE Rhizopus oryzae MR A%E Trichoderma harzianum
WMz R JH Colletotrichum fructicola W T 2290 Arthrinium phaeospermum
%45 JE EE T Botryosphaeria dothidea N Neofusicoccum parvum
PR Nigrospora aurantiaca SRR SR Arthrinium urticae
RAGA Fusarium graminearum WS I Colletotrichum camelliae
SIAL 22K F AG-6 Rhizoctonia solani AG-6 HERIUEE ) Torulopsis candida
ST 224% H AG-5 Rhizoctonia solani AG-5 YR T 5 Penicillium chrysogenum
S22 4% AG-1B Rhizoctonia solani AG-1B INIAEL 35 Z2 T4 Pestalotiopsis menezesiana
JH B BB Cercospora nicotianae A A% f 14 T8 Pleospora herbarum
£ FHEAHE Corynespora cassiicola H[RARTF Trichoderma reesei
= 5L BRTE Epicoccum sorghinum 2515 %5 Diaporthe actinidiae
JRELPERE Phytophthora nicotianae S5 Wi B85 Mucor fragilis
J&5 B¢ B0 Fusarium solani IR IS Thielavia microspora
YRR A Alternaria tenuissima AR RS Stemphylium globuliferum
RIS Fusarium equiseti J&7CHE Verruconis panacis
Rt Fusarium oxysporum
KANBERS A Alternaria longipes
VP& Didymella glomerata
WIS Fusarium asiaticum
BEMS A Alternaria alternata

Bacteria T B T A B A e T/INFFR Exiguobacterium sp.

Pseudomonas syringae pv. tabaci

T A BT B A B AR

Pseudomonas syringae pv. angulata

Z1EKB Rhodococcus sp.

ZIEEATE Paenibacillus sp.
FERRAT 1 Alcaligenes sp.

BRI 7 & Leclercia adecarboxylata
TH B AL Pseudomonas syringae
M BB ML TE Pseudomonas putida
AT B Microbacterium sp.

W2 B Pantoea agglomerans
{RF5FTF I Pseudarthrobacter sp.

R KRR A Delftia sp.

B H T Comamonas sp.
NEFTHE Acinetobacter sp.

I [CSEFT T Leucobacter sp.
XA Erwinia sp.

1.3 #ETMFEFE X60 =¥ M8 M A
NI T R BRI E A R & S
1.3.1 4EpEEREI%

i % T2 o) 4% 19 X60 & W 50 mL, T

4°C, 8000 r/min B5.L» 15 min, /NOFEESAHRE
FREr 0 B W . B S SRRV i C
BB 5 28 W% (0.05 mol/L, pH 7.2) 3 2 H B
ytyE, JFEE LR 2 Wk, DR KRR E &
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= e RO 2O

S B LEL 15 HE B A TR i H B
o B 2 5 8

2 MBREMEREMRNERRERR
Table 2

phyllosphere microbial community structure analysis

x100% (2)

x100%  (3)

X Bl =

x100% (4)

Sample collection information for

Sample type Healthy tissue Infected tissue

0d 1d 10d 0d 1d 10d

Sample number XJ11 XJ21 XJ31 XB11 XB21 XB3l
XJ12 XJ22 XJ32 XBl12 XB22 XB32
XJ13 XJ23 XJ33 XBI13 XB23 XB33

Group number  XJ1 XJ2 XJ3 XBl XB2 XB3
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Vo L T) SR A ) 4kt e 5 JRei AR - 20 2R 1 AT TG
WAL BE, IO 55 7 57 O A 5 10 g A
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30 min WHE TR, TEE L LT 3 IR, K3k
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10 d fE A LS, B E 3 RER ., T
2025 4F 7 H ik Bl AR BERHE B AR A R
H) AT BRI AR ) DNA 38 B 3 4% 1 3 1
T -

P VAN <R S L S A
(cetyltrimethylammonium bromide, CTAB) % #£47
FHH BRI DI ZH DNA FRH, T3 s e
JRE FL KA iy DNA B2, KUY DNA B
TEOE Y, HICRE/KMBERIRIE N 1 ng/ul /EH
M, o 4 E OB 51 9 ITS1-5F-F (5'-
GGAAGTAAAAGTCGTAACAAGG-3') Fi ITSI1-
1F-R (5'-GCTGCGTTCTTCATCGATGC-3"). 4l i
5% 515F (5'-GTGCCAGCMGCCGCGGTAA-3")
F1 806R (5-GGACTACHVGGGTWTCTAAT-3")
X B A0 3 T PCR §7 34 . X 14 58 1
FEY AT S IR AR Al S A IR S,
Mlumina V& #EF 04T 7% Mullis 2191
kT 2R 500, DAL PCR 9714 &
WP ZEFedb i AR BB e A R w52 AL,
3 B TR A PR 1 A R VR 454 L o 2
FEME . B ZHEME . DRE I A5 A B2 43 A X60 i
FHJE R BRI A B 520
1.4 HIELE

JR BRI K A AE QIIME 2 W gb 38, fifi
cutadapt i 7418 55 $2 3k M5 9 ¥ 9] . FfH
QIIME 2 % AF ) DADAR i {4 X B s A7 i & i
UE L FEME . PRHEAEmAR, IFRTY T

1| A% 5 (amplicon sequence variants, ASVs)i# 17
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. YR RAIEE L T KA X R
OIATRE A U E IR A S5 2R . B
UNIT (8.2)#E47 7 ERE, 4 B A SILVA 132 (1)
SSU rRNA Bedli s i . LA bad B et iy
REERH A A BRA R SE M f#H Excel 2022
XV A B AT ST AT A 3, 15 X60 X
FL I 355 19 FH 8] B 2% . K H] Adobe Photoshop
CS5 XJAHICE kA T Ak 3

2 BERS54M

2.1 FEEMIFHEATE X60 XAt FRE
RIS M
2.1.1 FEEEEE

FE UG PR E 45 2R WoR, X60 X K AR A
(Rhizopus oryzae). 4 i JH T (Colletotrichum
# % JFE W& W (Botryosphaeria
dothidea) . FKEAEE (Nigrospora aurantiaca), K
2 W 6 (Fusarium graminearum). Ik 22 #%
(Rhizoctonia solani) AG-6. . Hi % ¥
(Rhizoctonia solani) AG-5. 3. Hi % ¥

fructicola) .

B2 B OB B

(Rhizoctonia solani) AG-1B, M & E I
(Cercospora  nicotianae), % =+ #
(Corynespora cassiicola). 1= % [l Ek

(Epicoccum sorghinum) . &£ % (Phytophthora
nicotianae) . & K 9 0 (Fusarium solani)%§ 13 Ff
o LR HA B i SR, A0
80.00%. 78.75%. 77.50%. 71.25%. 71.25%.
68.75% . 68.75% . 67.50%. 66.67%. 66.67%.
65.38%. 63.64% Fl 62.50%; Xt 41 e B 4% 12
(Alternaria tenuissima). AN W % 8 (Fusarium
equiset) . R (Fusarium oxysporum). 1< HHHE
& 46 (Alternaria longipes). . [ 761 5¢ (Didymella
glomerata) . WM f (Fusarium asiaticum). #%

K&t (Alternaria alternata)5 7 FRECH E 1 A4 ]
YE Bess , 3 5050 o 59.46%. 58.00% .
56.34%. 55.00%. 53.85%. 53.62% F1 10.00%
(F 1A, 1B),

X60 XF 15 Fh=lEF0w H R R IR 54T

WPk, X60 XM K K & (Trichoderma
harzianum), W5 8 7 ZF M W (Arthrinium

phaeospermum) . /I 72 182 71 T (Neofusicoccum
parvum) . K13 ZZ2 {0 (Arthrinium urticae). 117%
% IH W (Colletotrichum camelliae) . [ ER il % £}
(Torulopsis candida). 7= ¥ & B (Penicillium
chrysogenum) . /N $l £ Z2 & 1 (Pestalotiopsis
Hi w A% f R (Pleospora
herbarum), W[ A (Trichoderma reesei), 18125
15 %% I (Diaporthe actinidiae). % Wi & B (Mucor
Sragilis) 55 12 FilE B0 FC R B AT B0 9 6 AR
L A= 5R 77.50% . 77.50% . 75.00% .
73.75%. 72.97%. 72.00%. 71.25%. 69.09%.
68.97%. 68.75%. 68.00% F1 66.25%; Xf/NMEHE
2 R /NI T =
(Stemphylium globuliferum) . J& 7t 5 (Verruconis
panacis) 3 FPAEECR B AN EHIVE B,
oy B N 54.29%. 45.45% F1 37.50% ( K
1C. 1D),
212 MHEBFEHUSME

X60 X T A R BN M R OECHE R
(Pseudomonas syringae pv. tabaci). 1 & % ¥}
& ff BE & fb B (Pseudomonas syringae pv.
angulata) 2 FREUHR AN A mIEPUEE, MEERE
gy %1k 33 mm Al 30 mm. X LN FF OB
(Exiguobacterium). 213K & (Rhodococcus). FEF
KT & (Paenibacillus) . 77 W FT & (Alcaligenes)
AR R ) 58 i (Leclercia adecarboxylata) . RSP
(Pseudomonas syringae). % R & ¥ M &
(Pseudomonas putida) 7 FhAE 0w 40 & B A 58 5
PUig vk, Hw I 45, 320 32, 32, 27,
25, 20 mm; XTIHFT & (Microbacterium) . A
fix K

menezesiana)

ftl 5¢ (Thielavia microspora).

17 W (Pantoea agglomerans).
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Figure 1  Antagonistic effect of Bacillus amyloliquefaciens X60 to phyllosphere fungi. A: Antagonistic activity
of B. amyloliquefaciens X60 against 20 pathogenic fungi (a: Rhizopus oryzae; b: Colletotrichum fructicola; c:
Botryosphaeria dothidea; d: Nigrospora aurantiaca; e: Fusarium graminearum; f: Rhizoctonia solani AG-6; g:
Rhizoctonia solani AG-5; h: Rhizoctonia solani AG-1B; i: Cercospora nicotianae; j: Corynespora cassiicola; k:
Epicoccum sorghinum; 1: Phytophthora nicotianae; m: Fusarium solani; n: Alternaria tenuissima; o: Fusarium
equiset; p: Fusarium oxysporum; q: Alternaria longipes; r: Didymella glomerata; s: Fusarium asiaticum; t:
Alternaria alternata); B: Inhibition rates of B. amyloliquefaciens X60 against 20 pathogenic fungi; C:
Antagonistic activity of B. amyloliquefaciens X60 against 15 non-pathogenic fungi (a: Trichoderma harzianum;
b: Arthrinium phaeospermum; c: Neofusicoccum parvum; d: Arthrinium urticae; e: Colletotrichum camelliae; f:
Torulopsis candida; g: Penicillium chrysogenum; h: Pestalotiopsis menezesiana; i:. Pleospora herbarum; j:
Trichoderma reesei; k: Diaporthe actinidiae; 1: Mucor fragilis; m: Thielavia microspora; n: Stemphylium
globuliferum; o: Verruconis panacis); D: Inhibition rates of B. amyloliquefaciens X60 against 15 non-pathogenic
fungi.

(Pseudarthrobacter) 3 #iAEEL I 40 o B 55 s T 2.2 ﬁ@ FEE *ﬁ +5E }(@ 7H: _Iil'_ X60 _'Iil— ﬁlj 5(71' I:H' Bﬂ%

MR, PR 18, 140 11 mm; XEUR g BRSO B BR A A 7S HO 220
B FE T (Delftia) . \E B J0 T (Comamonas) . AN 22.1 HERG

B AT # (Acinetobacter). Y & K 5% FF H# FF 61 7 9825 S 5 225 0 5 % . X60 T 3 i
(Leucobacter) . BRHF I (Erwinia) 5 FhaEEUR 40 HJE 10 d, X BE SR 7Y R BE 50 2K Sk (35.00+
BEOCHPUAETE(E 2). 2.46)%, BIFARCR}(52.3541.22)%.
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Figure 2 Antagonistic effect of Bacillus amyloliquefaciens X60 to phyllosphere bacteria. A: Antagonistic
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activity of B. amyloliquefaciens X60 against 2 pathogenic bacteria (a: Pseudomonas syringae pv. tabaci; b:

Pseudomonas syringae pv. angulata); B: Inhibition zone diameters of Bacillus amyloliquefaciens X60 against 2

pathogenic bacteria; C: Antagonistic activity of B. amyloliquefaciens X60 against 15 non-pathogenic bacteria (a:

Exiguobacterium; b: Rhodococcus; c: Paenibacillus; d: Alcaligenes; e: Leclercia adecarboxylata; f: Pseudomonas

syringae; g: Pseudomonas putida; h: Microbacterium; i: Pantoea agglomerans; j: Pseudarthrobacter; k: Delftia;

I: Comamonas; m: Acinetobacter; n:. Leucobacter; o: Erwinia); D: Inhibition zone diameters of Bacillus

amyloliquefaciens X60 against 15 non-pathogenic bacteria.

222 BERE
Jite F A B 2E AT B X60 IERIAT S, MRt
FEAL 16S rRNA FEH P HIFN ITS 5 Zead i Ak
AR5 23 1355 1499 835 451 1 398 009 4515 Ji
A A BE, 600 550 067 4~F1 306 393 637 /M
I, JP AR B 5351 0h 426 bp Fl1 226 bp. Jit
G e BUE E A7 A% T NCBI B9 GenBank %504 %2
(https://www.ncbi.nlm.nih. gov/genbank/), i &5
L SR IR I U 9 GenBank B 5% 5 43 ik
PRINA1414225 Fl PRINA1414174,
2.2.3 MERE IR E RGEMIFHE
ZRAHT, A REARILIRAG 445 AR
P38 F 7 51 A R (ASVs) Al 1 454 I~ E B ASVs.

FALHAFEAY) ASVs Bm A&l 3 fis: it
HTER(XB D) FMERRXIDEEAR F 51 52 4
18 A~ 40 B ASVs L K 229 41 335 > H
ASVs; JitiZja 1 d B (XB2) M (XI2)FEAs b
RS 35 NF 43 AN4HEE ASVs LUK 166 4 F
216 EE ASVs; JtiZh)5 10 d /B (XB3)Fifat
(XIBVREA 5545 99 4~A11 30 M4 ASVs LA
K 70 1 129 I E I ASVs, Firf 6 MIEEEA
HIEHEA 14 4> ASVs, A B 3.14%; Iif B
HWEEA LI 34 36 4~ ASVs, 5 EEAY 2.48%,
A ZHE T AT H (Enterobacterales, 33.93%)
A7 b s, LR R B RN TR JE (Pseudomonas,
11.91%). 72 1% J& (Pantoea, 7.19%) Fl 5 22, 1zt B g

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



ZHANG Qinye et al. | Acta Microbiologica Sinica, 2026, 66(7)

3588
A XBI
XJ3 X1
30 8

Core
14 4

xB3 35 xm2
43
XJ2

B XBI1
XJ3 XJ1
129 335
ore
364
70
XB3 166 B>
216
X2

E3  FEEMF AT E X604 IR G R M R E (A) FNE E (B) L &
Figure 3  Petal plots of bacterial (A) and fungal (B) communities in tobacco phyllosphere after treatment with

Bacillus amyloliquefaciens X60. The numbers in the diagram represent the number of unique and shared ASVs

among different treatment groups. XB1: Diseased tobacco leaves before application; XJ1: Healthy tobacco leaves

before application; XB2: Diseased tobacco leaves 1 day after application; XJ2: Healthy tobacco leaves 1 day after

application; XB3: Diseased tobacco leaves 10 days after application; XJ3: Healthy tobacco leaves 10 days after

application.
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Bacillus amyloliquefaciens X60. ***: P<(0.001; **: P<0.01; *: P<0.05.
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Figure 5 Beta diversity index of bacterial (A) and fungal (B) communities in tobacco leaves after treatment with

Bacillus amyloliquefaciens X60.
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after treatment with Bacillus amyloliquefaciens X60.
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Figure 7 LEfSe analysis of significantly differential taxa in bacterial (A, B) and fungal (C, D) communities

among different treatment groups.
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