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Abstract: Citrus is one of the most important economic crops in China at present. During the
cultivation, it is threatened by multiple diseases. Citrus canker, as the most common disease in
citrus cultivation, has caused great harm to the development of the citrus industry. The long-term
use of chemical control agents has led to problems such as enhanced resistance of pathogenic
bacteria, chemical residues on the surface of citrus fruits, and environmental pollution. Microbial
control has attracted increasing attention due to its safety and pollution-free advantages. This
review summarizes the sources and species of biocontrol microorganisms for citrus canker in the
past decade, analyzes the biocontrol mechanisms of these microorganisms, evaluates the
development and field control effects of biocontrol agents, and points out the problems existing in
the microbial control of citrus canker, providing a reference for the research on biocontrol
microorganisms for citrus canker.

Keywords: citrus canker; biocontrol microorganism; mechanism of action; biocontrol agent
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Table 1 Representative biocontrol agents against citrus canker and their efficacy and mechanisms
Microbial Representative Source Biocontrol Evaluation Application  Key References
type genus/species efficacy (range) system method mechanism
Bacteria  Bacillus spp. Soil, 50%-100% In vitro assay, Foliar Secretion of  [16,28-31,
(B. subtilis, phyllosphere, (detached leaves), detached spraying, leaf lipopeptides;  35-37,
B. velezensis, endophyte 30%-70% leaves, inoculation  defense 41-53]
B. amyloliquefaciens, (greenhouse/field) greenhouse enzyme
B. tequilensis, pot activation;
B. pumilus) experiment, biofilm
field trial inhibition
Pseudomonas spp. Phyllosphere  50%-80% Greenhouse  Leaf Secretion of  [17,28,
(P. aeruginosa, pot inoculation,  antibiotics; 54-56]
P. geniculata, experiment root irrigation biofilm
P. protegens) inhibition;
induction of
ISR
Enterobacter sp. Endophyte 40%-50% (field)  Field trial Leaf Endophytic [16,18,46,
(GN223), inoculation colonization;  57-58]
Kosakonia cowanii metabolite-
mediated
antibacterial
activity;
induction of
ISR
Acinetobacter Soil 55.20% Greenhouse  Foliar Secondary [59]
baumannii pot spraying metabolites;
experiment strong
environmental
adaptability
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(1)
Microbial Representative Source Biocontrol Evaluation Application  Key References
type genus/species efficacy (range) system method mechanism
Serratia marcescens,  Soil 80%-95% In vitro assay, Fermentation Secretion of  [60]
Vibrio diazotrophicus (in vitro assay) greenhouse broth antibiotics;
pot inoculation induction of
experiment ISR
Lactobacillus sp. Phyllosphere  40%-50% (field) = Greenhouse  Foliar Phyllosphere  [19]
Kx48, pot spraying colonization;
Gluconobacter sp. experiment, niche
Kx15 field trial competition
Fungi Diaporthe sp. HT-79, Phyllosphere MIC: In vitro assay, Foliar Biofilm [61-63]
Diaporthe 0.007 8~10 mg/mL greenhouse spraying inhibition;
WZMG-Y-12, pot cell
Schizophyllum experiment membrane
WZMG-J-8-1, disruption
Fusarium LJZ-Y-20
Aspergillus unguis Endophyte MBC: In vitro assay Metabolites  Cell [63]
200 pg/mL membrane
disruption
Pseudogymnoascus Antarctic soil  97.40% In vitro assay, Foliar Production of [39]
sp. LAMAI 2784 greenhouse spraying dichlorinated
pot selenides; cell
experiment membrane
disruption;
increased
membrane
permeability
Aspergillus terreus Deep sea BIC: In vitro assay, Foliar Biofilm [40]
0.078 mg/mL, greenhouse spraying formation
superior to CuSO4  pot inhibition;
(0.312 5 mg/mL)  experiment cell
membrane
disruption;
ROS
accumulation
Phage Phage XacF1 Soil Lesions were Detached Leaf EPS [64]
significantly leaves inoculation reduction;
reduced reduced
motility;
virulence
attenuation
Phage XacN1 Soil XacNT1 infected In vitro assay ~ Co-culture Infection and  [24]
9 of 10 X. citri lysis of Xcc,
strains from Japan with possible
biofilm
disruption by
lysins

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; BIC: Biofilm inhibitory concentration.
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Table 2 Biological control agents for citrus canker

No. Microbial agent Strains and other components used Target diseases and pests Publication References
type date
1 Compound Bacillus pumilus, Trichoderma Citrus canker, citrus root-knot nematode 2025-05-27 [87]
microbial agent viride
2 Compound Bacillus subtilis, Trichoderma Citrus canker 2019-11-15 [88]
microbial agent Aarzianum, and organic fertilizer
carrier
3 Compound Beauveria bassiana, Paenibacillus ~ Citrus canker 2025-04-29 [89]
microbial agent polymyxa, fermented citrus peel
and aged tangerine peel products,
sodium alginate, polyvinyl alcohol
4 Compound Bacillus subtilis, copper-based Citrus canker 2019-09-27 [90]
microbial agent formulation
5 Single-strain Desmospora profundinema GS1 Citrus canker, peach crown gall, tobacco 2025-05-13 [91]
agent bacterial wilt, rice bacterial blight, pear
fire blight, bacterial fruit blotch of
cucurbits, soft rot of Chinese cabbage
6 Single-strain Bacillus subtilis Citrus canker 2025-01-28 [92]
agent
7 Compound Bacillus mucilaginosus, Citrus canker, citrus green mold, citrus 2024-02-09 [93]
microbial agent Bacillus subtilis Huanglongbing, citrus root-knot nematode
8 Compound Amycolatopsis sp., Bacillus Citrus canker 2023-11-03 [94]
microbial agent velezensis, Penicillium oxalicum,
Lactiplantibacillus plantarum
9 Compound Trichoderma harzianum, Citrus canker 2022-10-11 [95]
microbial agent pesticides, and chemical fertilizers
10  Compound Burkholderia sp., Bacillus pumilus ~ Citrus canker, wax gourd wilt, cucumber 2022-07-01 [96]
microbial agent damping-off, or tomato bacterial wilt
11 Single-strain Paenibacillus polymyxa Citrus canker 2022-01-18 [97]
agent
12 Single-strain Paenibacillus polymyxa Citrus canker 2021-08-31 [98]

agent

TETE MG I BR N 2R BAR B 25 S B A 2507 o
it 126 e B2 FE BE 1 5 2 T RE R IE A DL Ak
IFEsA el I e 5 D e sk T B, b AR
KRB AR P I A SO L EAR SRR, A
AE AR AR B AIIE A . () FEWLI AT ST )2 0, B
Jinsie ot 22 Al FHAIL G B6 R 5 28 A A e, I B
NP o AL PR RN S P S A A
B 4 R A P R ECR o B g BE AR ) B E AR
BI7 Bl BE A 70 SR 1R e G AR E AP AR, IR
PESZ MR X Xee 09 ELAEAMHIOCR , 5= pUrE N

P4 actamicro@im.ac.cn, 7 010-64807516
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T 5106, KGRl E B (synthetic microbial
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