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Abstract: Rubber tree anthracnose is one of the two major foliar diseases of rubber trees, ranking second in severity
only to powdery mildew. It has caused significant economic losses to rubber latex production during rubber tree cultiva-
tion in China. Against this backdrop, this study focuses on the pathogen of rubber tree anthracnose, investigating its
fundamental biological characteristics, molecular identification, antifungal spectrum determination of biocontrol agents,
and green prevention strategies. The research begins with a survey of anthracnose incidence in major rubber tree culti-
vation areas of Hainan province, collecting diseased leaves from rubber forests in Qionghai, Baoting and Chengmai.
Pathogenic fungi were isolated and purified, followed by molecular identification and antifungal spectrum analysis by
biocontrol agents. Finally, a strain (HZS-BT) isolated from Baoting was subjected to fundamental biological characte-
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ristic studies. The findings reveal that, through field surveys of rubber tree anthracnose in various regions of Hainan,
it was observed that currently predominant rubber tree varieties in Hainan, such as RY73397, PR107 and RRIM600,
exhibit poor resistance to anthracnose under current climatic and ecological conditions. By amplifying core genes,
multiplex gene sequencing, and specific primer detection, followed by BLAST comparison with genome sequences of
standard strains in the NCBI database, the anthracnose pathogen strain HZS-BT isolated from Baoting was identified as
Colletotrichum siamense. The optimal growth temperature for the tested anthracnose strain is 28 ‘C, with a preferred pH
of 8.0, though the strain demonstrates a broad pH adaptability range. The most suitable carbon and nitrogen sources for
its growth are sorbitol and beef extract, respectively. Antifungal spectrum analysis indicates that all 11 biocontrol strains
possess potential for biological control applications against anthracnose. This study provides a theoretical foundation for
the green prevention of rubber tree anthracnose.
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Tab. 1 Culture medium Tab. 2 Genes and primers

gk ikt i (1L) FEH GE/] 519F5 (5-3")
Media Ingredients and dosage (1 L) Gene Primer Primers sequence (5'-3")
PDA E428 200 g, #%H 20 g, BiiEk 18 ¢ ITS ITS1 TCCGTAGGTGAACCTGCGG
NYG [HEHAWE 10 g, BEEF S g, BUEK 18 ¢ ITS4 TCCTCCGCTTATTGATATGC
SDA JREFWR 10 g, HAE M40 g, HEM 18 ¢g TUB2 Tl AACATGCGTGAGATTGTAAGT
SDAY [RE MM 10 g, FEWE 40 g, B 10g, BBk 18¢ Bt2b ACCCTCAGTGTAGTGACCCTTGGC
MBM [REFNE S g, Wi S50 1 g, BREREE 0.5g, MERLK ACT ACT-512F ATGTGCAAGGCCGGTTTCGC

2g, WM 20g, B 18¢ ACT-783R  TACGAGTCCTTCTGGCCCAT
CZ  THMRHR 2 g, WA B 1 g, SMLHH 0.05g, LKIRM sOoD?2 SODglo2-F CAGATCATGGAGCTGCACCA
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Tab. 3 Incidence of anthracnose disease in major rubber tree cultivars in Hainan primary production regions
Hb X Region PR107 RRIM600 DAFENG95 REYAN7-33-97 Haiken series Other series

T - - - - ++- - - - - - ++ - -
HT - - - - - - - - - -
B - - - - - - - - - - - -
g B ++- - ++- - ++- - ++- -

Vi - - - - - ++ - - - - - - - -
(=3 - - - - ++- - - - - -
A e+ - - - ++- - - - - - ++ - -
o= - - - - - - - - - - - -
=i ++ - - ++ - - ++ - -

R - - - - - - -

E il - - - - +- - - - -

&R - - - - - +- - - - - - ++ - -
Tirh - - - - ++- - - - - - ++ - -
ET - - - - i+t - - - - - - - -

TE: +FORBMAIH R, —RRRIRIH R .

Note: + indicates C. gloeosporioides, — indicates C. acutatum.

1 BRI E 7 H w1

Fig. 1 Field symptoms of anthracnose in rubber trees
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Fig. 2 Pathogenicity determination results
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Fig. 3 Pathogen morphology
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X RS T A RGO 2 R o TR AU B A 877 TR YT S AT 1 A T 3
98% I: HZS-BT
98% OM327674.1 Colletotrichum siamense isolate Kalyani
98% - MT450691.1 Colletotrichum siamense isolate ALSKN-CG5
98% MT450690.1 Colletotrichum siamense isolate ALSKN-CG4

98%

100%

MT450689.1 Colletotrichum siamense isolate ALSKN-CG3

MT450688.1 Colletotrichum siamense isolate ALSKN-CG2

0K254006.1 Colletotrichum siamense isolate KT4

0K254007.1 Colletotrichum siamense isolate KT5

100%
90% 100% 0Q137312.1 Colletotrichum gloeosporioides isolate CG1-Mad
o
100% { ORO018809.1 Colletotrichum siamense isolate COUFPI291
100% MK326903.1 Colletotrichum siamense isolate C-526
OM250082.1 Colletotrichum gloeosporioides isolate BL-1
NR 164424.1 Fusarium falciforme CBS 475.67
B4 ETFITSEEKHZSBT REXEMMEE
Fig. 4 Construction of HZS-BT phylogenetic tree based on /7S gene of HZS-BT
) 93% 0K254006.1 Colletotrichum siamense isolate KT4
90% 90% PV382868.1 Colletotrichum gloeosporioides isolate CG1
90% ° KX197390.1 Colletotrichum gloeosporioides strain F210332
2 KX197389.1 Colletotrichum gloeosporioides strain F210035
100% I KX197388.1 Colletotrichum gloeosporioides strain F210008
HZS-QH
99% . MF188861.1 Colletotrichum siamense
. 90% o OM802402.1 Colletotrichum siamense isolate HN-3-2
98% % 50%% PP619444.1 Colletotrichum sp. strain GW?2
99% MZ664290.1 Colletotrichum gloeosporioides isolate KFRIMCC
0K509508.1 Colletotrichum viniferum isolate LIP15
95% MZ148627.1 Colletotrichum siamense isolate WS2019y2
0Q932780.1 Colletotrichum sp. isolate KFRIMCC 010
PP539986.1 Colletotrichum gloeosporioides isolate R CTCRI
95% 96% — MT570096.1 Colletotrichum sp. strain INZG14
95%, 0OP802362.1 Colletotrichum pandanicola isolate MFLUCC 22-0137
100% JF710557.1 Colletotrichum gloeosporioides isolate OMC7
? 5 PP541847.1 Colletotrichum gloeosporioides isolate x CTCRI
95% 98% PP538755.1 Colletotrichum gloeosporioides isolate P CTCRI
° 949, PV523172.1 Colletotrichum gloeosporioides isolate ATH-9

NR 164424.1 Fusarium falciforme CBS 475.67
5 EFITSEREMHZSQH RELERME

Fig. 5 Construction of phylogenetic tree based on /7S gene of HZS-QH

MH863435.1 Colletotrichum tropicale culture CBS:124949 strain CBS 124949
84 | OL708422.1 Colletotrichum sp.WJL-2021a strain ZHKUCC 21-0103
NR 163538.1 Colletotrichum cobbittiense BRIP 66219 ITS region from TYPE material
NR 171186.1 Colletotrichum yulongense CFCC 50818
10 JX010171.1 Colletotrichum siamense culture ICMP:18578
OR828933.1 Colletotrichum rhizophorae isolate MFLUCC 17-1927

49 - HZS-CM
— NR 144781.1 Colletotrichum carthami SAPA 100011
91} NR 177596.1 Colletotrichum schimae CGMCC 3.20526
99| 1MZ595885.1 Colletotrichum schimae strain LC13880

70|, MH863178.1 Colletotrichum simmondsii culture CBS:122122 strain CBS 122122

79 L KJ846762.1 Colletotrichum fragariae strain CBS 14231
NR 176755.1 Colletotrichum pereskiae COAD 2995
38 100" MZ262421.1 Colletotrichum pereskiae strain COAD 2995

MG792811.1 Colletotrichum parallelophorum isolate MFLUCC 14-0083

DQ286209.1 Colletotrichum dracaenophilum strain MEP1532

O\g\]
—_

20,

JX076871.1 Colletotrichum zoysiae isolate MAFF238573
JQO005779.1 Colletotrichum lindemuthianum culture-collection CBS:144.31
100'0Q701081.1 Colletotrichum menezesiae strain COAD3523

JK989157.1 1-F9 Fusarium oxysporum SSH Library cDNA similar
to RTA1-like protein mRNA sequence

El6 ETITSEEMWHZSCM RE4EhitaE

Fig. 6 Construction of phylogenetic tree based on /TS gene of HZS-CM
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Fig. 7 Agarose gel electrophoresis detection
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B HEH S C. siamense A3 3N PR

85%
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100%

ACT 55K 90%, ITS KKKy 84%, TUB2 H:MH
H 92%, CHS-1 3PN 78%, SOD2 H:P (&l 8
HibRric i HZS-BT SOD) Hj 78%, GADPH A
K 97%, XL RFRRY], ZRESRAE ST
(AT SEPERIRREE, A JJIER T HZS-BT 5 C.
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G H AT Z M C. gloeosporioides. C. fructi-
cola. C. boninense. C. nupharicola W/JJ¥ 5%} Lt
R HZS-BT 5 X Se W i) 73 S A e W 0 2
Ho» SRR, #E— LW HZS-BT 5 C.
siamense TEHEAL LA PR 25 B TiR, HZS-BT
BN C. siamense.,

KJ485878.1 Colletotrichum siamense isolate OOC68
KJ485880.1 Colletotrichum siamense isolate OOC70
KJ485879.1 Colletotrichum siamense isolate OOC69

@ HZS-BT ACT

@® HZS-BT ITS

XM 036643767.1 Colletotrichum siamense

@® HZS-BT TUB2

OP094061.1 Colletotrichum siamense voucher LM 1462
0OP094060.1 Colletotrichum siamense voucher LM 1461
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Fig. 8 Phylogenetic tree construction of HZS-BT based on ACT, ITS, TUB2, CHS-1, SOD2, GADPH, CS multiple genes
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Fig. 9 Colony diameter of HZS-BT under
different pH conditions
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Tab. 4 Average inhibition rate of biocontrol bacteria

A B TR S-HJIN TR Average inhibition rate/%
Biocontrol

bacteria HZS-QH HZS-BT HZS-CM
CK 0 0 0
TH21 59.57° 51.28¢ 60.16"
K13 73.77 64.30" 71.99°
Aghncj 77.32° 59.37¢ 74.16°
Yg-1 79.49° 69.92° 74.85°
2N1 83.04° 71.70° 80.67¢
30 86.59" 78.21¢ 71.89"
1 84.91° 86.29° 83.93°
PBST-9 84.42° 70.02° 68.05¢
10 82.94° 82.84° 73.37°
13 83.93° 90.43* 87.67°
KHPR 73.57¢ 81.85° 91.12°

T ARVNG FRERIR2E 7 BE (P<0.05),
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).
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CK Ygl 2N1 30 1 PBST-9 K13 13
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Fig. 14 Antagonistic effect of some biocontrol bacteria
against three tested pathogenic strains
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