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Abstract: Root rot represents a significant disease affecting the cultivation of Platycodon grandiflorum. The
screening of biocontrol strains with antagonistic properties against this disease can provide valuable microbial
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resources for the environmentally friendly prevention and control of Platycodon grandiflorum diseases. In this
investigation, high-throughput bacterial isolation techniques were utilized to isolate and purify endophytic bacteria
from the roots of Platycodon grandiflorum. An antagonistic bacterial strain R34B7, was identified through the plate
confrontation culture method, exhibiting a notable inhibitory rate of 52.18% against the pathogen causing root rot.
Morphological characteristics, physiological and biochemical properties, and molecular identification results
collectively confirmed that the antagonistic endophytic bacterium R34B7 belonged to the species Serratia
plymuthica. The control efficacy of strain R34B7 against Platycodon grandiflorum root rot was assessed using
tissue-cultured seedlings of Platycodon grandiflorum, revealing a disease control efficacy of 44.44%. Furthermore,
the fermented supernatant of strain R34B7 demonstrated considerable inhibitory effects on both the mycelial
growth and spore germination of the pathogen. By examining the extracellular hydrolytic enzymes and growth-
promoting factors of strain R34B7, it was discovered that this strain possesses the abilities to produce protease,
chitinase, fix nitrogen, solubilize phosphorus, synthesize siderophores, and produce indole-3-acetic acid, indicating
its potential for growth promotion. The antagonistic bacterium R34B7 identified in this study exhibits promising

biocontrol activity against root rot and holds considerable potential for further development and utilization.
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Figure 1 Inhibition effects of strain R34B7 against four pathogenic
fungi
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Figure 2 Morphological characteristics and phylogenetic tree of strain R34B7. A: Colonial morphology; B: Gram stain (1 000x); C: Phylo-

genetic tree based on 16S rRNA

Table 1  Effect of strain R34B7 on root rot of Platycodon grandiforus. n =3, x +s. 'P < 0.05 vs F. oxysporum

Treatment Plant height/cm Green weight/g Disease index Control efficiency
Control 1027 +1.59" 1.55+0.09° 0 -
F. oxysporum 6.90 +0.53 0.37+0.89 100 -
F. oxysporum~+R34B7 9.00 £ 0.70" 1.15+0.07" 55.56 44.44%
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Figure 3 Morphology of Platycodon grandiforus seedlings under different treatments. A: Controls; B: Pathogen treatment; C: Pathogen

and strain R34B7 co-treatment

Figure 4 Detection of extracellular enzymes and growth pro-
moting indexes of strain R34B7. A: Cellulase; B: f-1,3 Glucanase;
C: Protease; D: Phosphate solubilization; E: Chitinase; F: Sidero-
phore; G: Nitrogen fixation; H: Indoleacetic acid (IAA), CKI1:
10 mg-mL™" TAA; R34B7: Bacterial suspension; CK2: TSB
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Figure 5 Effect of fermentation supernatant of strain R34B7 on
the morphological features of F. oxysporum (400x). A: Control; B~
D: Mycelium treated with different volume concentrations of fer-

mentation supernatant (50%, 20%, 5%)
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Figure 6 Microscopic observation of spore germination of £ oxysporum (400x)

& UATAESRI KRS, IRR 2 A R H S
By BR C ORI TR i, e, R AR A4 B v R
PUE AR A — RO (1 B 4 i 1250
P SCHRE VRS, VD E KB AT DA AR K E IR B A I
J N B, FE AR BRI RN B IR AR ) B R I
IR FH A 5o HoA B Ikvb B IR (S, plymuthica) f¢
B 22 PG SIS DA A e 40 PR B[] N 7= A A L TR 2R
MAEK R UL Z M EA A SR ET, 7] MEAE
AR 7 96 R RV 4 A BT, T O A [
FERIFEM AR L KT H RE LG
Jr TR, B A5 AN B RE H L. Shen 5P
I TR H, B IRV R (S, plymuthica) A21-4 GEf% .
25 1 SR AR 0T BB B 1R (RSB 7T, I HLX U
IAEKE R TR HEE R . He S5 1 AR Hh i i 3R 15
— RN R RV IR (S, marcescens) BZ-8, A7
R AN P2 15| Wk 2R A BE 1, WA AR B B A A1
H o Kim ZEC90 57 2 B 7 B IR B (S, plymuthica)
C-11E R — AW B 36 7, %132 6 & i S R 5 % B
H R EMA . Gong P IR R b R Tl 7 B HE —
PRSP T IR (S, marcescens) Pt-3, 1% # Pk RE 16 7= 4
— PR R PR R R R A, X R A 5T B A
i 445 ) B A e Z (R B IR AR L, AT R 7 A 42 9 i
BABZERMRAIER . AU BER &R i 5Rk15
— R AR AR TR, SRR PG R B R AR R T B (F
oxysporunt) ] ZIE 52.18%, I F 3 Fiea WL A%
JR L A B A A BUE R . A SCHE T 16S tIRNA JF
IR K G 0B A B A A Re 1 DL ST 38 SRR AE 1
B, T TR EEGUAR B 9 N ZE T R34B7 1 bR O
Wb IKHE (S. plymuthica). B R34B7 B &
Ak L o D B TR, R ZEL RS T, R A8 1 4R BRI
% 55.56. FH UGB B Ak R34B7 B A 7 itk — 2D

RSN R RS AR B s B AR ve F B . T B
DAL S BRSO, 5 SR T A R = AR R AT A
R, 75 K H PRI A it 2R M v i, DAk 4
TH 6% TIF T R R34B7 8 455 A5 AR FE 93 (11 9 V3 A0SR «

AW RE— BRI T B Bk R34BT () TE T K B b
TEAEA R EE T X SRR T (F oxysporum) HH 22
AR TR R B s . 25 SR B, Jo il 2 1 hn
Aab BN A A A T R T LT VR VR B, S UL 5 F 417
PRI B B35 . X SRR W BRVA K T B bk R34B7
PR 2 RS PO T B LT AR, X L
WS AE R 5 B ) AR P AR T A T E A A
W FECS2 B, 4 B b T DLIE Ik B AR D5 TR 1 248 i i B
g0 BE S5 A, B Dy Re sz 40, AN ARk, I i
A5l RMMWILT: . A 6 BB W 8, & W
R34B7 &b 2 J5 9 f 8k J1 1 (F oxysporum) W 42 2 1
AT B, HER 0 IR AR BE DT AR SRR
fiE o Li %60V [R5 B, R4 AN [ BE (R 45 e ik R
P BT AL B S, 998 5 TR B 22 2 3 HH AR DN L 2 i e
KIS, HAEBE A N AR R &SN, S8 24K
THORE JRkAR, I IS TS AR K SR ARRAE

PR bR R34B7 B B AT §U SR B i 1 2 4k, I8 FE B
XPEY)AE KA 28 R0, B A&V 0 | B AR R U
DA 5| Wk 2 BRI RE 77 o AL (I A= Bl e 22 FhL A,
FE R 0 VA AR T RO R DL R R AR
&, OREHEEMNAERKKEY. CAEMAREGRER, B
TR T A2 B R AR B 6 5 A 55 0 D A 5 S R D AR T
] = 38 FR 2k B U, T A X A A ) A
AT B $E A R T EKRE . R, AN
AR RV W 20T R 1% Yk 2 PR ISR 0 B 46 8 7o 2 1R RO
&, IR B R 2, TR AR S A
TP N L AE I FES . 4 B HET, Bk R34B77EH



\

832 - 222224 Acta Pharmaceutica Sinica 2025, 60(3): 825-833

OB RO E (F oxysporum) H= K FIFEIRF, 1] GEIR
10 Tk A A A AR R AR G R Ok Y 5 HL T 0 B B R Bt R
o SR, ABEFRYIDEE T — e AR AL A7 AE,
R AT RS, DAOR VR R 5T Rk R34B7
AR A= B o

B3 ST I 5T SR AR R A VBRI SC R R
ARBRSL RO SR R BRI 5 15 B U
B RAT EEUIE X85 9 53 SR 8 B AN ST A

FUZENSE: FTAT 1 24975 B AR STAFE A 28 05

References

[1] Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (F 48 A [ 440 [F 24 dit) [S]. Vol 1.
Beijing: Chinese Medical Science Press, 2020: 320, 1601.

[2] Wang X, ShiY, Man JH, et al. Specific DNA barcodes screening,
germplasm resource identification, and genetic diversity analysis
of Platycodon grandiflorum [J]. Acta Pharm Sin (2§ %% %% ),
2024, 59: 243-252.

[3] Zhao ZJ. Research on the Classification and Disease Diversity of
Parasitic Nematodes on Platycodon Root (F5 i 75 A= 28 L 432
J% 97 Z FEPEWFFT) [D]. Shenyang: Shenyang Agricultural Uni-
versity, 2022.

[4] Shi YL, Yuan LF, Yang Y, et al. Key points of efficient cultiva-
tion techniques of Platycodon grandiflorum under forest [J].
World Tropical Agric Inf (t: 5 #17 RlkA5 ), 2022, (8): 7-9.

[5] Chen XY. Prevention and control of root rot disease and stan-
dardized cultivation techniques of Platycodon grandiflorum in
Yimeng mountains [J]. Bull Agric Sci Technol (4 Mh A} % 38 iR),
2018, 9:291-292, 341.

[6] Tang FF. Preliminary report on pathogen identification and
chemical screening for the control of root rot disease of Platy-
codon grandiflorum [J]. South China Agric (F§ Ji 4% k), 2020,
14:26-29, 37.

[7] Cao XM, Li SB, Zhang HL, et al. Identification of the pathogens
causing root rot of Glycyrrhiza uralensis Fisch [J]. Acta Phyto-
pathol Sin (49 B 2% 4), 2014, 44: 213-216.

[8] LiJH. Research into Root Rot Disease of Ligusticum chuanxiong
Hort Investigation of the Incidence and Identification of the
Fungal Pathogens ()11 R J& 7 1 7 5 755 i B 19 25 %2 #F 7%) [D].
Chengdu: Chengdu University of Traditional Chinese Medicine,
2016.

[91 Guo SH. Identification of Pathogens of Root Rot Disease and
Anthracnose of the Panax quinquefolius L., Screening of Biocon-
trol Agents and Evaluation of their Biocontrol Effects (75 VS 1R
B 995 5 JEL 05 9 Ji T 4 L AR BT T O ik B RUR VAN (D]
Taian: Shandong Agricultural University, 2024.

[10] Chen QH. Identification of Pathogens Causing Chrysanthemum

morifolium wilt Disease, and Study on Rhizosphere Microor-

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

ganisms of Wilt Plants (24 F 5 T8 20 3 Jid 1 24 52 I S8 A
PR AR B3 43 2E #0 5F 9T) [D]. Wuhan: Hubei University of Chinese
Medicine, 2022.

Sun ZQ. Identification of Tobacco Root Rot Pathogen and
Screening of Control Agents (I AR Ji 973 95 J5i 4 78 A B ¥ 24 711)
§ifi 1) [D]. Hefei: Anhui Agricultural University, 2023.

Pan WH. Identification of the Pathogen Causing Root Rot of
Sand Pear and Screening of Fungicides in Laboratory (#} %4 4R
J65 993 9 T % o 5 By 45 24 70 = N 0 3% ) [D]. Wuhan: Huazhong
Agricultural University, 2022.

Zhang JN, Xie TP, Yang LH, et al. Research progress on root rot
disease in medicinal plants [J]. Chin Wild Plant Resour (+ [H #f
LRI BIR), 2024, 43: 60-67.

Ling N, Wang TT, Kuzyakov Y, et al. Rhizosphere bacteriome
structure and functions [J]. Nat Commun, 2022, 13: 836.

Shi ZG. Research progress on control of Fusarium wilt of plants
[J]. Mod Agric Sci Technol (AR AL AH), 2016, 20: 102-103.
Li K, Wang HY, Guo XZ, et al. Advances in research and
application of Trichoderma for inducing resistance against root
rot diseases in root and rhizome of Chinese medicinal materials
[J]. China J Chin Mater Med (' [ 1 24 44 &), 2023, 48: 4942-
4949.

Bai TF, Liu YQ. A survey of synthesis mechanism of antibiotic
secondary metabolites by Serratia spp. [J]. ] Microbiol (fi 44
k&), 2017, 37: 115-119.

Zhang P, Xie G, Wang L, et al. Bacillus velezensis BY6
promotes growth of poplar and improves resistance contributing
to the biocontrol of Armillaria solidipes [J]. Microorganisms,
2022, 10: 2472-2479.

Zhang JY, Liu YX, Guo XX, et al. High-throughput cultivation
and identification of bacteria from the plant root microbiota [J].
Nat Protoc, 2021, 16: 988-1012.

Dong XZ, Cai MY. Handbook of Identification of Common
Bacterial (& W41 1 & 4t % %€ F M) [M]. Beijing: Science Press,
2001.

Bergey DH, Holt JG. Bergey's Manual of Determinative Bacte-
riology [M]. 9th ed. Baltimore: Williams & Wilkins, 1994.

Li DS. Study on oligosaccharide-induced resistance to root rot in
Platycodon grandiflorum [J]. Jiangsu Agric Sci (VL7 & MLl 2%),
2018, 46: 65-68.

Zou L, Wang Q, Li MY, et al. Identification, biocontrol and plant
growth-promoting potential of endophytic bacterial strain JY-3-
IR from Aconitum carmichaelii Debx. [J]. Biotechnol Bull (4%
HAR@), 2023, 39: 246-255.

Chen Y, Zhu L, Guo FX, et al. Isolation and identification of the
pathogens causing Astragalus membranaceus var. mongholicus
root rot in Weiyuan of Gansu Province [J]. Acta Phytopathol Sin
(PR EESAR), 2011, 41: 428-431.

Wang J, Liang ZS, Kang B, et al. Identification of root rot patho-

gen of Panax notoginseng from Wenshan [J]. J Northwest For



T IG5 A REAR B8 95 3 70 1 110 5 226 % ZE B L 0 4R

833

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Univ (7 bR &R 224H)), 2015, 30: 158-163.

Wu XL, Wang Y, Liu F, et al. Identification of Coptis chinensis
root rot disease pathogenic Fusarium spp. fungi [J]. China J
Chin Mater Med (1 [ #1245 7% %), 2020, 45: 1323-1328.

Zhang JJ, Zhang N, Hua S, et al. Identification and pathogenicity
detection of the pathogen of ginseng root rot [J]. Mol Plant
Breeding (> THEYIE ), 2021, 19: 6448-6452.

Wang Y, Lu BH, Yang LN, et al. First report of Fusarium
armeniacum causing stem and root rot on Platycodon grandiflorus
in Jilin Province, China [J]. Plant Dis, 2015, 99: 1644.

Han XY, Liu LM, Liang RY, et al. Screening of Platycodon
grandiflorum root rot control agents [J]. Spec Econ Anim Plants
(RN TEBNHEYD), 2024, 27: 20-22.

Xu WF, Li HY, Zhang H, et al. Efficacy and its mechanism of
bacterial strain HX0037 on the control of anthracnose disease of
Trichosanthes kirilowii Maxim [J]. Biotechnol Bull (2E4) 5 A il
i), 2024, 40: 228-241.

Wang ZW, Liu ZM. Advance in study and application on chitinase
produced by microbes [J]. Lett Biotechnol (4 4 £ K i iR),
2006, 17: 439-442.

Matilla MA, Drew A, Udaondo Z, et al. Genome sequence
of Serratia plymuthica A153, a model rhizobacterium for the
investigation of the synthesis and regulation of haterumalides,
zeamine, and andrimid [J]. Genome Announc, 2016, 4: ¢00373-
16.

Hong CL, Chen XH, Zhu FX, et al. Study on the control effect of
biocontrol bacterial fertilizer on watermelon fusarium wilt [J].
Mod Agric Sci Technol (AL FHE), 2012, 14: 93-96.

Shen SS, Chang SX, Zhu HY, et al. Growth promoting and root

[35]

[36]

[37]

[38]

[39]

[40]

[41]

colonization ability of Serratia plymuthica A21-4 and its effect
on induced resistance in pepper against Phytophthora blighte [J].
Acta Phytopathol Sin (T4 B2 %% 2), 2013, 43: 636-642.

He Y, Xu SY, Hu XJ, et al. A plant growth-promoting bacterium
in Atractylodes macrocephala Koidz: isolation, identification,
and optimization of culture conditions [J]. Microbiol China (f#t4=
P58 iR), 2023, 50: 3983-3996.

Kim HJ, Kim YC. Complete genome resource of Serratia
plymuthica C-1 that causes root rot disease in Korean Ginseng
[J]. Plant Dis, 2021, 105: 202-204.

Gong AD, Wang GZ, Sun YK, et al. Dual activity of Serratia
marcescens Pt-3 in phosphate-solubilizing and production of
antifungal volatiles [J]. BMC Microbiol, 2022, 22: 26.
Elsherbiny EA, Dawood DH, Safwat NA. Antifungal action
and induction of resistance by f -aminobutyric acid against
Penicillium digitatum to control green mold in orange fruit [J].
Pestic Biochem Physiol, 2021, 171: 104721.

Li Y, Ou T, Jiao WL, et al. Isolation and identification of an
endophytic Bacillus subtilis from mulberry and preliminary
exploration of its biocontrol mechanisms against mulberry fruit
sclerotiniose [J]. Acta Microbiol Sin (il 4 47 2% ), 2024, 64:
3253-3268.

Vacheron J, Desbrosses G, Bouffaud ML, et al. Plant growth-
promoting rhizobacteria and root system functioning [J]. Front
Plant Sci, 2013, 4: 356.

Deng XX, Xie X, Pan YM, et al. Screening and identification of
strains against Fusarium solani isolated from Camellia sinensis
and analysis of its biocontrol and growth promotion charac-

teristics [J]. J Tea Sci (Z5 M £L47), 2023, 43: 67-77.



