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Abstract: [Objective] Blueberry gray mold, caused by Botrytis cinerea, is a serious disease in blueber-
ry production. Under greenhouse cultivation conditions, high humidity, poor ventilation, and insuffi-
cient resistance in cultivars exacerbate the prevalence of the disease, more prevalent and severe, leading
to significant economic losses. Currently, control of gray mold relies primarily on chemical agents, but
this can lead to the development of resistance in the pathogen, complicate fruit quality management,
and pose potential environmental risks. Therefore, breeding disease-resistant blueberry germplasm is
the most cost-effective approach to disease control. This study aimed to identify the pathogen of blue-
berry gray mold and screen out highly pathogenic representative strains. Furthermore, the study sought

to identify high-quality disease-resistant germplasm and explore the differences in its physiological re-
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sponses during infection. [Methods] Eureka blueberry plants displaying typical gray mold symptoms
were collected from three blueberry cultivation bases in Yunnan, Changchun, and Dandong, and disease
symptoms were observed. The pathogen was isolated, purified, and cultured using tissue isolation meth-
od. Fungal genomic DNA from single colonies was extracted using a modified CTAB method, and PCR
reactions were performed using universal fungal primers ITS1/ITS4. After purification and sequencing,
sequences were aligned using DNAMAN software and NCBI database BLAST analysis. A phylogenetic
tree was constructed in MEGA 12.0 with the NJ method. Based on the clustering results, molecular iden-
tification of the isolated strains was performed to confirm their taxonomic status. Hyphal morphology
of the selected gray mold strains based on molecular identification was observed using conventional lac-
tophenol cotton blue staining. Healthy intact leaves from six blueberry cultivars were inoculated in vi-
tro, and the pathogenicity of the strains was assessed by comparative analysis four days after infection.
Representative highly pathogenic gray mold strains were selected and evaluated for resistance to the dis-
ease in common evergreen blueberry cultivars grown in greenhouses using the same in vitro inoculation
method. Leaf lesion area was quantitatively analyzed using ImagelJ software to compare resistance dif-
ferences among different blueberry cultivars. Resistance was graded based on the percentage of lesion
area, allowing for the identification of representative resistant and susceptible cultivars. References to
relevant literature on plant physiology and pathology were used to determine cell wall enzyme activity
indices associated with pathogen infection response. Dynamic changes in the activities of these en-
zymes in resistant and susceptible varieties under infection with B. cinerea were compared to further as-
sess the relationship between cell wall physiological responses and disease resistance. [Results] Based
on diseased samples collected, gray mold was found to damage flowers, stems, leaves, and fruit of blue-
berries, with the flowers being more severely affected. Seven pathogen strains were isolated and puri-
fied using tissue separation methods and designated YN1, YN2, YN3, CC1, CC2, CC3, and DL1. Fol-
lowing PCR amplification of ITS sequences, strains were aligned in the NCBI sequence library and a
phylogenetic tree was constructed. Strains CC1, YNI1, DL1, and YN3 were identified as members of the
genus Botrytis and clustered closely with several known reference strains of B. cinerea. Strains CC2,
YN2, and CC3, on the other hand, belong to the genus Cladosporium and are more distantly related to
Botrytis. Morphological comparison of four gray mold strains following molecular identification re-
vealed CC1 to be the fastest growing, with dense and robust hyphae, white tomentose colony, and bot-
ryose conidiophores. Pathogenicity assays revealed significant differences among the strains, with CC1
exhibiting more pronounced tissue destruction and possessing stronger infection and spread capabilities
than the other strains, making it a representative inoculum strain. An in vitro inoculation method was
used to evaluate the resistance of 13 common greenhouse blueberry cultivars. Based on lesion area sta-
tistics and a resistance grading standard, no blueberry germplasm was found to be completely immune
to gray mold. However, the moderately resistant cultivar Y42 and the susceptible cultivar F6 were iden-
tified, with significant differences in resistance (P<<0.05), making them representative cultivars for sub-
sequent physiological response studies. Changes in cell wall-related enzyme activities during gray mold
infection revealed distinct differences in the response mechanisms of the two cultivars. Polygalacturo-
nase (PMQG) activity in F6 peaked at 48—72 h post-inoculation and was significantly higher than that in
the control (P<<0.05), indicating that the pathogen induced a strong response in cell wall-degrading en-
zymes, promoting tissue softening and disease spread. Y42 activity remained low, close to that of the
control, suggesting that it inhibited cell wall decomposition and enhanced structural defense. Carboxy-

methycellolose (CMC) activity decreased in both varieties after inoculation, but was higher in F6, re-
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flecting more severe cell wall damage. f-1,3-glucanase (GLU) activity in F6 initially declined rapidly
before significantly increasing at 48—72 h (P<<0.05), demonstrating a typical delayed response. Y42 in-
creased at 24-48 h, suggesting that it may effectively inhibit pathogen spread early on. Chitinase (CHI)
activity decreased rapidly in both varieties, with the greater decrease in Y42 suggesting that their defens-
es do not rely on sustained CHI accumulation and may limit disease through early physical barriers and
immune responses. Overall, while F6 had high chitinase activity, it was lower than the control, in con-
trast to Y42, indicating weaker defense and disease resistance. [Conclusion] This study identified the
pathogen of blueberry gray mold using morphological and molecular biological methods and screened
CC1 as a highly pathogenic representative strain. F6 (susceptible) and Y42 (moderately resistant) were
identified as typical materials for blueberry resistance to gray mold. The different physiological re-
sponse characteristics revealed the differences in the defense mechanisms of blueberries under gray
mold stress, providing an applicable material basis for the identification of blueberry gray mold resis-
tance and the utilization of resistant germplasm. It also provides clearer research targets for further anal-
ysis of the resistance mechanism under gray mold stress and for the breeding of resistant varieties.
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A and B. Infected blueberry floral organs with shriveled and browned calyx and petals, showing dense gray mold on the surface; C. Infected blue-

berry stem; D and E. Infected blueberry leaves with brown spots on the leaf surface; F. Infected blueberry fruit covered with abundant grayish-white
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Fig. 1 The symptoms of blueberry gray mold
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G.CC3 BRI FRIG L
A. CC1 strain culture status; B. YN1 strain culture status; C. DL1 strain culture status; D. YN3 strain culture status; E. YN2 strain culture status;
F. CC2 strain culture status; G. CC3 strain culture status.
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Fig. 2 Isolation and culture of strains

®1 BHXE#RSBEIRERER

Table 1 Isolation status and strain information of strains in various regions

HuIX Area 43 B T i Isolate strain I 1 AT J& Strain type B3R5 Accession number 51 %995 Cause disease
2 Yunnan YN1 Hi% 1)@ Botrytis MZ648248.1 K299 Gray mold
YN2 i@ Cladosporium ON307222.1 164597 Flower wilt
YN3 W% 188 Botrytis ON171307.1, ON171315.1 JK %59 Gray mold
47 Changchun cCl1 Hi %] 1)@ Botrytis ON171313.1, ON171316.1 JK %9 Gray mold
CcC2 ¥t )@ Cladosporium JN227013.1 TEH7 Flower wilt
CC3 ¥ )& Cladosporium MT786364.1 e Flower wilt
#}% Dandong DLI Hi%] 1)@ Botrytis 0Q933102.1 JK %93 Gray mold
51— CCl
37 L NI
17 Botrytis cinerea strain PEABOT2 (ON171313.1)
29 39 DL1
YN3
Botrytis cinerea strain BC-2 (0Q933102.1)
465[: Botrytis cinerea strain 827-3 (MZ648248.1)
76 Botrytis cinerea strain XGBOT2 (ON171316.1)
477‘: Botrytis cinerea strain FQBOT2 (ON171307.1)
Botrytis cinerea strain XGBOT1 (ON171315.1)
87 YN2
463’—(: o2
100 Cladosporium sp. isolate Z7M-55 (JN227013.1)
g7 CC3
91 Cladosporium sp. isolate FPN-1 (ON307222.1)

Cladosporium cladosporioides strain JZY 1-25 (MT786364.1)

3 BT ITS FHHBNARLER

Fig.3 Phylogenetic tree constructed based on /7 sequences
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A.CCl PRI LZTEEMEE B YN BIbK I £ TB 0% C. DL WK TS %E D, YN3 R 225 M
A. Observation of mycelial morphology of CC1 strain; B. Observation of mycelial morphology of YN strain; C. Observation of mycelial morphol-
ogy of DL1 strain; D. Observation of mycelial morphology of YN3 strain.
4 ARRBRERLESUE
Fig. 4 Observation of hyphae morphology of four strains of Botrytis cinerea
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Fig. 5 Pathogenicity detection of 4 strains of Botrytis cinerea
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Table 2 Pathogenicity of four strains of Botrytis cinerea to BH S BT, 0 B B0R M 58, 1] R 5 MR VE M B A 1
different blueberry varieties & &‘ﬁﬁ 9\% , Mﬁzﬁ %ﬁ( /E\: ﬁ[ %ﬁ ﬁE jjif{ ﬂiﬁ i é,% % u i

H.egﬁ% FERIT R Inoculated cultivar ZERL CCT bR B L S0 MR I 5 ) 4 S R
Strain code  Hg X3 X7 X13 L29 L1l N Lo . s
™I . . - - . - ROR S A AE g AR MR B R T )5 2 i A T &
YN3 + - ++ - + ++ 7 m A BT EAR
CCl e e e e w24 REBRSMEERIETH
DLI ++ * + ++ ++ o JHI CC1 MR B A 4 d, LLBORBE IS K

SRR AR RO RRE R e TR g AR SRR 13 43 TR VU R R B AR B
IR m BRI Se e G VRV (23, T 6) » L OMRO B H U5 8
Note: “+” indicates browning at the inoculation site; “++” indicates

. o o e B BOR SOFPR BRI S A . KER > W ARAE 3 d IR
lesion expansion; “+++” indicates extensive lesion development;
=} S OH P 3 Z5 >
indicates no visible change at the inoculation site. I i Eﬁ S E(J E 'H( ’ 3\: ':P Y42(MR) ﬁ ﬁ}‘ﬁ*’[{ ZLFX /J\ el
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Table 3  Botrytis cinerea resistance grading of 13 evergreen blueberry germplasm resources in greenhouse

HiUR s L BUHEACT
Resource Disease severity/% Resistance level
Y42 24.75+0.04 ¢ MR

L1l 35.02+0.05 ¢ MR

02 35.28+0.01 e MR

1502 35.51+0.04 ¢ MR

HE3 - Eureka 38.710.06 de MR

H5 40.36+0.02 de MR

D19 41.13+0.02 de MR

VeI s L B ACF
Resource Disease severity/% Resistance level
L 44.22+0.01d MR

49 50.78+0.01 ¢ S

Y122 54.51+0.001 be S

45 58.57+0.01 ab S

L25 61.56+0.08 a S

F6 63.24+0.02 a S

T FFIAE/ NG PR 2 7 23 (P<0.05) .

Note: Different small letters in the same column indicate significant difference (P<<0.05).
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XX

1502

A 13 (R E AR

Y2 he
LU He
(0] S
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fedtif Burekaf Hde
HSf __ Hde
D19 Hde
L ld
49 Iic
Y122 Jbe
45 hab
L25 —a
Fo6 lHa
0.0 0.2 0.4 0.6 0.8 1.0

HERIRAE CC1 Bk AR e P BEA AR B, & BHR IR 7)™ dEZLL BT, AN RN PR FROR 2 57 i 3% (P<<0.05) .

A. Lesion occurrence of 13 evergreen blueberry cultivars in greenhouse infected with strain CC1; B. Comparative analysis of disease severity

among various cultivars. Different lowercase letters indicate significant differences (P<<0.05).
E6 BHERESREFRRERBRERTHMMELESER

Fig. 6 Resistance identification results of 13 evergreen blueberry resources infected with Botrytis cinerea in greenhouse
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