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Abstract: [Objective] Pear diseases pose a substantial threat to the pear industry in China. The use of
traditional chemical pesticides has led to increasingly prominent environmental pollution and resistance
problems. Therefore, there is an urgent need to develop environmentally friendly disease control meth-
ods. In 2024, a newly emerged bark canker disease was observed on pear trees in Harbin City. Infected
trees developed water-soaked and swollen lesions on the bark of 1-3-year-old branches, typically sur-
rounded by a halo. As the disease progressed, multiple lesions formed on a single branch, eventually
darkening, cracking open, and producing distinct black pycnidia. The bark desiccated, and in severe cas-
es, branches fractured, severely impairing tree growth and productivity. This study aimed to identify the
causal pathogen of this emerging disease and to screen for effective biocontrol bacterial strains, thereby
providing a scientific basis for its prevention and management. [Methods] Symptomatic branches were
surface-sterilized, and single-spore isolation was used to obtain pure fungal cultures. The pathogenicity
of the isolate was tested using Koch’s postulates on healthy pear twigs cultivated hydroponically, apply-
ing non-wounded, wounded, and heat-injured inoculation methods. Pathogen identification was based
on both morphological characteristics and multi-locus phylogenetic analysis using /7S, LSU, and Tef-1a
gene sequences. Endophytic bacteria were isolated from healthy pear branches using tissue separation.

Candidate biocontrol strains were screened through dual culture and co-culture assays with the patho-
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genic isolate. The most effective antagonistic strain was further characterized based on morphological,
physiological, and biochemical properties, and identified using phylogenetic analysis of 16S rRNA and
gyrB gene sequences. [Results] (1) A fungal isolate designated LA-1 was obtained and found to re-
produce field symptoms under wounded and heat-injured inoculations. These symptoms included wa-
ter-soaked swelling and black pycnidia formation. The same fungus was re-isolated from symptomatic
tissues and showed identical morphological and molecular characteristics to the original LA-1 isolate.
ITS sequencing confirmed 100% identity with LA-1. (2) Morphological observations revealed that
LA-1 formed immersed to semi-immersed, discoid, and dark brown to black pycnidia, measuring 650
to 950 pum in diameter (mean: 740 um, #=30). Pycnidia were multi-locular with shared walls, and indi-
vidual locules measured 40 to 120 pm (mean: 75 um, n=30). Conidiophores were hyaline, clavate, occa-
sionally swollen, and 0.75 to 2.25 um wide (mean: 1.5 pm, #n=30). Conidia were unicellular and oval to
cylindrical, containing oil droplets, and displayed a frontal central depression. They transitioned from
hyaline to dark brown upon maturation and measured (15.5-) 17.0 to 20.5 (=22.5) um x (6.0-) 6.5 to
8.0 (=8.5) um, averaging 18.5 pm x 7.0 um (#=50). Colonies on PDA were initially white and floccose,
later producing olive pigment and forming pycnidia after 13 days of incubation in the dark. These fea-
tures were consistent with descriptions of Aplosporella ginkgonis. (3) Gene sequences obtained includ-
ed 603 bp (ITS), 1341 bp (LSU), and 170 bp (Tef-10). BLAST analysis revealed that the /7S and Tef-/a
sequences of the isolate exhibited >99% similarity to those of A. ginkgonis and A. longipes in the NC-
BI database. However, LSU comparisons were inconclusive due to length variation. To resolve species
identity, maximum likelihood and Bayesian phylogenetic trees were constructed using the K80+R2+FO
and K80+I models via IQ-TREE and MrBayes 3.2.6, respectively. Both analyses yielded identical topol-
ogies, with LA-1 clustering with 4. ginkgonis with full statistical support (BS/PP = 100/1). Notably, sev-
eral strains formerly designated as A. longipes were also nested within the A. ginkgonis clade. Based on
morphological traits, multi- gene phylogeny, and ecological context, LA-1 was conclusively identified
as A. ginkgonis. (4) Furthermore, eleven bacterial strains were isolated from healthy pear branches. Du-
al culture and co-culture screening identified strain B10 as exhibiting the strongest antagonistic activity
against LA-1. Colonies of B10 were milky white and opaque, with wrinkled surfaces and irregular edg-
es on LB agar. Biochemical tests confirmed it was a Gram- positive bacterium. Phylogenetic analysis
based on 16S rRNA and gyrB sequences identified B10 as Bacillus velezensis. Importantly, B10 pro-
duced heat-stable antimicrobial metabolites; even after autoclaving at 121 °C, its fermentation broth re-
tained strong inhibitory effects on LA-1. Additionally, B10 suppressed the growth of other wood-infecting
fungi, including Cytospora, Phaeobotryon, Diaporthe, and Phomopsis species. [Conclusion] 4. ginkgo-
nis was identified as the causal agent of a newly emerged bark canker disease on pear trees in Harbin,
marking the first report of this pathogen affecting pear in China. Moreover, the identification of Bacil-
lus velezensis B10 as an effective biocontrol agent offers a promising alternative to chemical fungicides.
Its broad-spectrum activity and thermal stability highlight its potential for integrated management of
wood-infecting pathogens in pear orchards.
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Fig. 1 Symptoms of natural infection and results of pathogenicity assay
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Fig.2 Morphological characteristics of the pathogen
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Fig.3 A three-gene phylogenetic tree based on ITS-LSU-Tef-1a
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Fig. 6 Comparison of the inhibitory ability of strains B2 and B10 against the pathogen LA-1 under different conditions
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Table 1 Inhibition of growth of 10 pathogenic bacteria by strain B10

J¥ 5 Number %53 JiL 7 Pathogenic bacterium i (%F F ) Disease (Host) B 2 Inhibition rate/%
a Aplosporella ginkgonis W RAEH G Physocarpus amurensis branch blight disease 74.63+0.86

b Aplosporella javeedii S AGF P Morus alba branch blight disease 88.06+2.03

c Cytospora elaeagni ZLER A B2 95 Cornus alba bark rot disease 77.19+0.67

d Nectria ulmicola H ZERH99 Rosa chinensis branch blight disease 70.13+0.52

e Phaeobotryon rhois P A A 95 Ulmus pumila branch wilt disease 74.09+1.53

f Diaporthe cotoneastri IR HEASIEL K597 Fraxinus mandschurica blight disease 74.50+0.83

g Cytospora ceratosperma 5 MRS K Quercus mongolica branch canker disease 75.55+1.03

h Phomopsis sp. HRP1 W Hippophae rhamnoides 61.88+1.04

i Cytospora sp. TACI LRI Tilia amurensis 68.77+1.11

j Cytospora sp. RDC2 Mz ¥ RS Rhododendron dauricum 91.25+0.42

3 W ® Y5 A. ginkgonis I JRIGRIRAAAEZE 77, 40, #1213

KH.71 )& Aplosporella FLH 734 ) V2 , /& —FhEE
BT EAEYE R R, W A AR TR B 7
R ARSI S5 » IR Gt B, Xl AR
b A = BA B AR R, 8 R 2 A
HOR I, RO AR S A E K RS BT IS . 1E
TR T T A A SR R A A TR A 8, DG AR R 2
BEL, 25 1717 5 B AR K 35 32 0R PO 18R A, D s i T 1)
Y 5 E Y RAIE AR BOw e 45 3R
B PUESE, 78 3 AR BT 2R o5 i At 20 5t
R A RE 15 AR TR, R HBUR 18055, AR &
AR N A MR T R R B 2 B VR o
FRIETHE . AW IS E 9 )5 B LA-1 TR S RHIE

EER SRR e B e e N N O 1 o P R =
ARG , IX —RFIELE Aplosporella W) bt R
ead g, BT FRIEA T E RS Blast 45 R 1
AN AE RGN T, B LR T
TR TT AR TG R AT B R DR A A A R A S
ERE AT, iat = AR R E Ar, 45 SR WoR
LA-15 A. ginkgonis P3R4 R ZMWONEY) . PRI, B
2 LA-1 %7 N A. ginkgonis. 1F 41 Jeewon 55 filf
W, 7525 8 JR VPRI, ROTEE XS R 8] 2 52 30 58
UM ) SR A 22 S 91 T B TR R /N
FRE. RUL, BRAE RS B 7 i At 4 it A 710 3¢
R 5 WA A I Lo 22 S >k S b . AL
R JXHE SRR 1993 i 1R 4 7 N A. longipes , R 5
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A FI9RTHRAL, B HID9AL AL AT MR R 1, R e A g £E PDA 3570k L3EFR A 30 d BRI -
A is listed as the control group and B is listed as the treatment group; the test strains are shown in Table 1, and pathogens ¢ and g were cultured on
PDA medium until 30 d when the plates were still not full.
El7 Etk B10 33 10 MR EE KAHIER
Fig. 7 Inhibition of the growth of 10 pathogenic bacteria by strain B10
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A. Colony morphology; B.Gram staining result, Bar = 20 pm.
El8 Etk B10 BIFZS
Fig. 8 Morphology of strain B10
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Table 2 Physiological and biochemical assay results of strain B10
KM 48 Fx Test indicators Far 45 5 Test results K48 H Test indicators ¥ 45 5 Test results

R K Anaerobic growth -
V-PiREE V-P test +
FPIEIR &5 Citrate -
R £ Propionate -
D-AK W D-xylose

L-Fi[$7{F1H¥% L-arabinose

D-H #& ¥ D-mannitol

WAk Liquefaction of gelatine
T%FEAMANE K 7% NaCl growth
pH 5.7 44 pH 5.7 growth

TH B2 £h 14 )5 Nitrate reduction
YEN KA Starch hydrolysis

+ o+ o+ o+ o+ o+

93

B10
100 B. velezensis B31
93fB. velezensis NNO1
N B. amyloliquefaciens CMS5
moB' amyloliquefaciens PHODG36
B. siamensis LS5
B. siamensis XKPY?24
B. mojavensis BCRC17531

100 [B. subtilis QH667
1%L, subtilis DY3

B. atrophaeus QH588

B. safensis FO033

o1 B. pumilus KEL12
‘Ui B. altitudinis S2
g stratosphericus MCCC1A08157

0.050

Burkholderia pyrrocinia ATCC15958

BRI R, e KR TE B R ABAE 7 SR

Study strains are indicated in bold and maximum likelihood method autotaxis values are indicated at the branches.

&9

ET 16S rDNA-gyrB HZHIRKIURRF A EW

Fig. 9 A Maximum likelihood phylogenetic tree constructed based on 16S rDNA-gyrB

LA-1 R4 K RBUL B M AFX1-AFX3  [HEE 51
AHAZ N 12 SR R 30 H 9 TR S Bm . 2 A. ginkgonis™
X A fE 2 B T NCBI #U 48 FE 1 14 #k CFCC 89660/
89661 f11157 44 e AR ST (BB 2 H I 2025 4F 6
H19H). £ A. ginkgonis H 1 d H# AT , i 46 SC
BRHE H BT A7 EAE Y B ORER , R S N A
FRNEWI A. longipes, I+ EALE T4 FF 5. Btk
A. ginkgonis 5 A. longipes TE 23S A AR, B 3k
FECT X RN, W T AT L Aplo-
sporella J& L TH R G 1) E N & il . 455 DAE
M 5T S NCBIEUE e 190 %8, A. ginkgonis T ARIE 1]
R QLAY S MOAC L BIAZ KRB XGRS DA R A
W5 2 Bl M PR AN BE R Fh, R T HEE
(87 F 2R SRR fEFE /). X —IRHIRE
B, AN B 2 1R A 3R T 3R R P 6 B b A A
FHAEL S, Aplosporella J& S 75 T & R G 1) 43 FKAEIT
AR, E AR B, A S0 B 1 i X 3k
P M O SR (1) XA SR R R AR HAY 20 1 km, 1X

SE7R YA T IA) AT AL R S B0 R AR RN
R TE N ERTRUE S, A ginkgonis 1] DLl
Tk XU A% 4, L REAE B IE BT T R AE N T4 AE h o Hi.
USRI BOR BE SN R, AEAE BT R sk Z A7 250
T BE A, Y5 RT B 0 AR AN [RIR A [) (A 4 5
E o PRI, AR T SRA AT Bl 2R e 5 1209 TR T
A58 B HOXRSE 49 52 £ 2 6 R PR B et 2R 2
XA R X 5 RAEMAT . R TR E K
T R AT S A% 5 R, B LB BT + ARG P -
2IIa + AR N YA g . R R
ZRHEMRBAT BT, BRI % R 2%, Bag il KUE DG 2%
A 5 N R I B 3o B O A P A B 2 8T T B A TS
JSLVH B , 38 G N AR 4k R AR R AR Bt R PP R TR
T R S B IS o7 1 245 70 BE AT s i FH A %
A BB AR, S SRR AT S5 S A R
BT A. ginkgonis (1)) 75 £V, FF R EUE DT B
MICviE ). HEPD A A TR 2 B AR A TR,
Hh 2 AT B SR AN B 2 AR TR YR BERS A RGN
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HR 2 BOR R " R RIS R A 5 T A A
A5 T ORAFA F B A BRI R AE AR ) 50 Hp o A ek
ELAg*%, Bacillus velezensis %} 2 P HH ) 9 Ji= 41 T
A B A HAA BOm s, 9 B R AR Y
KPR R EEPIN H B. velezensis B i P2-
1 B ¥ B e 0 I B0 T B R 30 L AN AN T
W BA R HE AR, Re A HOE FEAE AT
T s 2R 7K AN S R RIE T4 HE M EFSE RR Si 7 S
B. velezensis [Pk Mr12 X} SE SR E 800 B Botryosphae-
ria dothidea FAT RIF WG ROR , 3F H A& 4%
b K S0 | SR DRSSPIt b & ) % 4 B BE K A B )
Ae77o DA R IE A BR B B R S 7 B H 2
Toh ZF FRLAT BT , 1 6 B R R AH G 5L R A R B I AR
YIBTIEAE . BN, B 2 5 PO NE R TR L 5
1) 16 o 27 FRLAT TR7 J8 4 17 %) B 2 R TR i J5 1T A lter-
naria alternata 357 H — & FIH0HI/E A, Fp 2R
W FEMI RN B. velezensis NY2 FINY7; 5 g 4ECY
M LIZL R 7 B PR, 5 2 ST 1 (B. subtilis )DSL-9
X7 LU AL IR JELE I iR B Colletotrichum gloeospori-
oides J& L HH B8 v (R ATV BRI 1 L 2 R RO 6 SR S N 1K)
Z W AL (PPO) i A AL Sl (POD) 4 AL 105
1L (SOD) Al it S8 AL Ml (CAT) 7% 1 3474 1E 7] 1
TER . LA EWFTE AR50 R 1 28 A B B
Bz e i) Fa S A S RIS 02 R bR A e 1
MEE, pfa et Bm, £ TE R, FE8H R4
A 55 G FH R] 5 BB 8 77 PR R 5 R B T2, DA
FER AT R T SRR AR A F 87 8 I AR B 7 i o

4 4w

AR TIE TR 7RV T () B 9 5 iR TR 4
N Aplosporella ginkgonis , \NFE B K7 7 43 &5 1) 11
5k 7 ZF F AT B B10 X 995 J5 18 Aplosporella ginkgonis
LA-1 B A REFmss b/ H BB, R A8
1) 5 F 8
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