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Fifty-nine naturally-infected isolates of Colletotrichum gloeosporioides causing ‘Nam Dok
Mai’ mango anthracnose disease were collected from markets and orchards in Thailand;
consisting of 6 isolates (10.17%) from leaves and 53 isolates (89.83%) from fruits. In
preliminary studies conducted in vitro with potato dextrose agar amended with carbendazim
at various concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/l. The phenotype-resistant
levels evaluation was grouping into four representative phenotypes of reactions as highly
resistance (HR; > 500 mg/l), moderately resistance (MR; < 100 mg/l), weakly resistance
(WR; < 10 mg/l) and sensitive (S: < 1 mg/l). The result showed 49 isolates (83.05%) were

HR phenotypes; consisting of 2 isolates (3.39%) from leaves and 47 isolates (79.66%) from
fruits, and 10 isolates (16.95%) were S phenotypes; consisting of 4 isolates (6.78%) from
leaves and 6 isolates (10.22%) from fruits. The differences in the carbendazim-resistant
phenotypes were conspicuous in sequence analysis of the second beta-tubulin (TUB2) gene
compared with C. gloeosporioides f. sp. aeschynomene (accession No. U14138). HR
phenotypes were revealed a single nucleotide mutation; an adenine (A) to cytosine (C)
transversion, resulting in a substation of codon 198, which encodes glutamic acid (GAG) in
S phenotypes, was converted to a codon for alanine (GCG) which is closely associated with
conferring carbendazim-resistant phenotype. This indicates that careful management of
carbendazim fungicides applications is necessary to achieve effective control.

Key words: anthracnose, beta-tubulin gene, carbendazim resistance, Colletotrichum
gloeosporioides, mango (Mangifera indica)

Introduction

Mango fruit cv. ‘Nam Dok Mai’ (Mangifera indica L.) is one of the
important economic fruit crops in Thailand because of its good smell,

%
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delicious taste, excellent flavor, and attractive fragrance (Singh et al. 2008).
And Thailand is one of the major producers and exporters of this mango
cultivar (Office of Agricultural Economics, Department of Agriculture,
2008). However, one of the constraints of markets is disease, especially
anthracnose disease caused by fungus Colletotrichum gloeosporioides. Tt
causes a problem after harvest due to disease expression starting at the
ripening stage. These cultivar mangos are highly susceptible to this disease
and can be infected as latent infection in high levels compared with other
cultivar (Sangchote, 1987). In order to control this disease, in over time,
benzimidazole fungicides such as carbendazim, benomyl and thiabendazole
have been widely used to manage the mango anthracnose, because farmers
believed that the chemical fungicides are able to control plant diseases better
than other methods. In fact, the chemical fungicides effectively suppressed
and controlled a wide variety of plant diseases at beginning; however, a
consequence of a long term utilization of chemical fungicides, particularly
systemic fungicides, reduced the significant of fungicide effects to the
disease pathogens. Because the pathogens often become resistance to
chemical fungicides, and the increase in number of these fungicide resistant
isolates give the main problems for the farmers (Farungsang and
Farungsang, 1992; Farungsang et al., 1994; Steffen et al., 1996; Yoon et al.,
2008). The appearance of fungicide resistance has become an important
factor in limiting the efficacy and useful lifetime of important disease
control strategies, and therefore the cost spending for the fungicides also
increase because the farmers are forced to increase the dosage of the
chemical fungicide. Therefore, this resistance may also be an important aid
to our understanding, at a molecular level, of the fungicidal mechanism of
action.

To effectively control this disease, it is necessary to determine the
resistibility of isolates of C. gloeosporioides causing anthracnose disease to
fungicides. The objectives of this study were to examine resistance of
C. gloeosporioides isolates obtained from ‘Nam Dok Mai’ mango to the
carbendazim fungicide using phenotypic response and to sequence the
partial second beta-tubulin (TUB2) gene which has been reported to be
responsible for benzimidazole resistance (Orbach et al. 1986; Koenraadt et

al., 1992; Yarden and Katan, 1993; Buhr and Dickman, 1994; Ma and
Michailides, 2005).

Materials and methods

Isolation of Colletotrichum gloeosporioides from ‘Nam Dok Mai’ mango
anthracnose

Naturally-infected fruits and leaves of ‘Nam Dok Mai’ mango were
collected from markets and orchards in Thailand. Isolations were made by
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cutting small sections about 5x5 mm from lesions and asymptomatic tissues,
wetting the sections briefly for 1 min in 70% ethanol, surface disinfecting in
1% sodium hypochlorite for 2-3 min, and rinsing in sterile distilled water.
Sections tissues were placed on potato dextrose agar (PDA) media plates
and incubated at room temperature. Those plates were observed daily until
the mycelium grows and subculture to the new PDA media plates. Cultures
were prepared by plating each strain on PDA media plate at room
temperature for 5 days productions of mycelial plugs.

Carbendazim resistibility assays

Screening resistibility of all C. gloeosporioides isolates to
carbendazim were tested using mycelial growth assays. Each isolate was
cultured on PDA media plates at room temperature. Mycelial plugs, 5 mm
diameter, was cut from the margins of colonies and transferred onto
carbendazim supplemented with PDA media at the concentration of 0, 0.1, . I
10, 100, 500 and 1,000 mg/l. Carbendazim was added to PDA after
autoclaving. After inoculation at room temperature, the diameter of each
colony was measured and the percentages of growth were calculated and
data expressed as percentage of the control. Values obtained were

categorized as phenotypes carbendazim resistibility was evaluated into 4
levels shown in Table 1.

Table 1. Phenotype-resistant levels of Colletotrichum gloeosporioides to
carbendazim at various concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/1
amended with potato dextrose agar (Modified from Farungsang and

Farungsang (1992); Farungsang et al. (1994); Koenraadt ef al. (1992) and
Peres et al. (2004)).

. Carbendazim concentration (mg/l)

P =

henotype-resistant levels o1 1 10 100 500+ 1,000

3 v X X X X X

Sensitive (S) v v X X X X
Weakly resistance (WR) v v v X X X
Moderately resistance (MR) v 4 v v X X

. . v v v v v
Highly resistance (HR) v v W v v )5

* = the field recommendation rate

v = the percentage of growth > 10% compared with the control

X = the percentage of growth < 10% compared with the control
Partial sequencing of the second beta-tubulin (TUB2) gene

DNA extraction and PCR amplification

Some isolates of field carbendazim-resistant C. gloeosporioides were
selected to represent different phenotypes. Genomic DNA was extracted and
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purified followed NucloSpin® Plant Kit (MACHREY-NAGEY) was used
as the protocol described by the company. Primers TB2L (5’-GTT TCC
AGA TCA CCC ACT CC-3’) and TB2R (5’-TGA GCT CAG GAA CAC
TGA CG-3’) (Peres et al., 2004) were used to amplify a portion of the
partial TUB2 where carbendazim resistance mutations occurred.
Amplification of partial TUB2 sequences were carried out in a total reaction
volume of 50 ul. Polymerase chain reaction (PCR) reaction mixtures
contained 1 ul of purified genomic DNA, 5 ul of 10X PCR buffer (iNtRON
Biotechnology, Inc.), 25 mM MgCl, (iNtRON Biotechnology, Inc.), 10 mM
dNTPs (iNtRON Biotechnology, Inc.), 50 pmoles each primer, and 1 unit of
Taq ﬁolymerase (Fermentas). All PCR reactions were carried out in PTC-
100" programmable thermal controller (MJ Research, INC.) with a hold of
5 min at 95 °C, followed by 30 cycles of 1 min at 95 °C, 1 min at 35 °C, and
1 min at 72 OC, and a final extension for 5 at 72 °C. PCR products were
separated by electrophoresis on 1% agarose gels (Research Organics, INC)
with 100-bp sharp DNA maker (RBC Bioscience, Corp.) as a size standard.

DNA sequencing and alignment

Purified PCR products were direct-sequenced on both strands using
cycle sequencing with TUB2L and TUB2R primers. Sequence of PCR
products were obtained from both strands by the dideoxy chain termination
method (Sanger er al. 1977) using an ABI PRISM Dye Termination Cycle
Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, USA)
and an automated fluorescent DNA sequencer (Model 310, Applied
Biosystems) following the manufacturer’s instructions. DNA sequences
were aligned with the BioEdit version 5.0.6 software was used to assemble,
edit, and generate high-quality sequences. Using Blast, we searched
GenBank, NCBI database for sequences that were similar to those isolates
in our study. Alignment of sequences was performed with the implemented

ClustalX software automated alignment tool, and alignments were refined
manually.

Results

Isolation of Colletotrichum gloeosporioides from ‘Nam Dok Mai’ mango
anthracnose

Colletotrichum spp. was isolated from naturally-infected leaves and
fruits of ‘Nam Dok Mai’ mango collected from markets and orchards in
Thailand (Fig. 1). Isolation was made by tissue transplanting technique. The
mycelium grows and then subculture to the new PDA plate. Cultures were
prepared by plating each strain onto PDA media plate at room temperature
for 7-10 days. Fifty-nine Colletotrichum spp. isolates were successfully
isolated, consisting of 6 isolates (10.17%) from leaves and 53 isolates
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(89.83%) from fruits. Studies on morphology characteristic were carried out
by examinations of their characteristics of colonies and conidia. The results
showed that aerial mycelium of the colonies of all isolates are white and
grey. They form cylindrical conidia (4.2-5.1 x 15.4-20.6 pum) and also some
isolates produced slimy spore mass and/or sclerotium (Fig. 2). These

morphology characteristics were identical with that of C. gloeosporioides
referred by Sutton (1980).

Fig. 2. Characterizations of Colletotrichum gloeosporioides causing ‘Nam Dok Mai’

mango anthracnose; (A) Colony on PDA 10 days, (B) Conidia (X100), (C) Slimy spore
mass, (D) Sclerotia.

Carbendazim resistibility assays

Starter cultures were prepared by incubating each C. gloeosporioides
isolates on PDA plates for 3-4 days. Mycelial plugs, (5 mm diameter) were
cut from starter plate. The carbendazim-resistant test was conducted to each
strain on PDA amended with carbendazim at various concentrations: 0.1, 1,
10, 100, 500 and 1,000 mg/l, unamended PDA served as control. The result
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showed that 49 isolates were highly resistant (HR) phenotypes; consisting 2
isolates from leaves and 47 isolates from fruits. Four isolates were sensitive
(S) phenotypes; consisting 2 isolates from leaf and 2 isolates from fruits.
None showed weakly resistance (WR) and moderately resistance (MR)
phenotypes in this examination (Table 2, Fig. 3).

Table 2. The phenotypes of carbendazim-resistant Colletotrichum
gloeosporioides causing ‘Nam Dok Mai’ mango anthracnose base on Table 1.

No. of isolates of carbendazim-resistant phenotypes
Mango

parts Sensitive Weakly resistance Moderately Highly resistance Total
(S) (WR) resistance (HR)
(MR)
Leaves 4 2 6
(6.78%) 0 0 (3.39%) (10.17%)
Fruits 6 47 53
(10.22%) 0 0 (79.66%) (89.83%)
Total 10 49 59
(18.60%) 0 0 (83.05%) (100%)

Partial sequencing of the second beta-tubulin (TUB2) gene

Partial TUB2 gene sequences from representative of HR and S
phenotypes of C. gloeosporioides from ‘Nam Dok Mai’ mango anthracnose
were 430 bp in lenght. The nucleotides at 878-1,308 and amino acid at
codon 147-289 sequences of TUB2 gene from the thirteen HR phenotypes
and four S phenotypes were compared with wild type C. gloeosporioides f.
sp. aeschynomene (accession No. U14138) (Buhr and Dickman, 1994). In
this study, there were both silent and missense mutation. In missense
mutation, the single nucleotide point mutation which resulted in deduced
amino acid altered was observed at some codons in TUB2 fragment, but the
single nucleotide point mutation occurred at 1,032; an adenine (A) to
cytosine (C) transversion, resulting in a substation of amino acid at codon
198; glutamic acid (GAG) in all S phenotypes, was converted to a codon for
alanine (GCG) in all HR phenotypes which is closely associated with
conferring carbendazim-resistant phenotype (Fig. 4).

NDM_F116 (HR) NDM_L0O57 (S)

control control

300 1000 mg; 200 1000

Fig. 3. The carbendazim-resistant phenotypes of highly resistance (HR> 500 mg/l) and
sensitive (S< 1 mg/l,) Colletotrichum gloeosporioides isolates on PDA amended with
carbendazim at control, 0.1, 1, 10, 100, 500 and 1000 mg/l.
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Phenotypes
U14138'" wild type TTCTCCG’I‘CGTTCCCTCCCCCAAGGTCTCCGACACCGT’I‘GTCGAGCCCTACAACGCCACT
S v S S .V V E

P P Y [y
NDM_F006 S TTCTCCGTCGTTCCCTCCCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACT
\4 S K T E 2y N A T
NDM_FO057 S 'I‘TCTCCGTCG'I"I‘CCCTCCCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACT
F ISsV PIK SiD T 4% XN A T
NDM_F118 S ’I‘TCTCCGTCGTTCCCTCCCCCAAGG’I‘CTACGACACTGTTG'I‘CGAGCCC’I‘ACAACGCCACT
S P P D P
NDM_L068 s TTCTCCGTCGTTCCCTCCCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACT
v S K STDEGT VvV ENE ¥ N
NDM_F002 HR ’I‘TCTCCGTCGT’I‘CCCTCCCCCAAGGTCTCCGACACTGTTG’I‘CGAGCCCTACAACGCCACT
S i P SLIBAR. VS D Y E ¥oN_ A T
NDM_FO012 HR TTCTCCG’I‘CGT'I‘CCCTCCCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACT
S V V P SUpER X T AvVaEY TP Y BN JdR T
NDM_F014 HR TTCTCCGTCGTTCCCTCCCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACT
ENS Vv P & S b P N
NDM_F018 HR TTCTCCGTCG‘T’I‘CCCTCCCCCAAGGTC’I‘CCGACACTGTTGTCGAGCCCTACAACGCCACT
B s v S P K S Dph "W V' E Y T
NDM_F026 HR TTCTCCGTCGTTCCC’I‘CCCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACT
P \% S P vy S8 D T v P N
NDM_F027 HR TTCTCCGTCG’I‘TCCCTCCCCCAAGGTC‘I‘ACGACACTGTTGTCGAGCCCTACAACGCCACT
B v S P DT V V E Y N & T
NDM_F038 HR TTCTCCGTCGTTCCC’I‘CC CCCAAGGTCTACGACACTG’I‘TGTCGAGCCCTACAACGCCACT
o W Np K L E L4 A
NDM_F061 HR TTCTCCGTCGTTCCCTCCCCCAAGGTCTCCGACACTGTTGTCGAGCCC’I‘ACAACGCCACT
S V P._S BEFK Vs D My IR A
NDM_F106 HR TTCTCCGTCG’I‘TCCC'I‘CCCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACT
S VvV P S P YHS D T Sy S Y N A
NDM_F110 HR TTCTCCGTCGTTCCCTCCCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACT
F 58 V S S.=B DWW X N A T
NDM_F116 HR TTCTCCGTCGTTCCCTCCCCCAA(:(; TCT LLL,ACAL TGTTG L‘LbAGCCCTACAACGCCACT
S Vv Y P 8 P \4 ¥V P N
NDM_F130 HR TTC’I‘CCGTCGTTCCCTCCCCCAAGG’PCTCCGACACTGT'I‘GTCGAGCCC'I‘ACAACGCCACT
8 4 S XK.V s I V'E P N T
NDM_LO078 HR 'I‘TCTCCGTCG’I‘TCCCTCCCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACT
S B2 RV S M ¥ N A T
Hucleoridesinpameens 5ok BT S SN * i - ------------------------ 60
Amino acids = = TSNS S CTEEEREEN B - ER- e B B 20

.1, Phenotype Target site for benzimidazole'’’ 198
U14138 wild type CTCTCCGTCCACCAGCTGGTCGAGMCTCCGACGAGACCTTCTGCATTGACAACGAGGCT

S H QO L S T C I D N E
NDM_F006 s CTCTCCGTCCACCAGC TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCT
E S V H V E N S D TR REeCoILD N ENA
NDM_F057 S CTC TCCGTCC AC CAGCTGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGC T
] H Q v N S D E F € T b N E
NDM_F118 S CTCTC CGTC CAC CAGC TGGTC GAGAACTCCGACGAGACCTTC TGCATTGAC AACGAGGCT
L ¥ H L' V E N S E NN E C D N E
NDM_LO0O68 S CTC TC CGTC CACCAGC TGGTCGAGAACTCCGACGAGAC CT’I‘CTGCATTGAC AACGAGGCT
S H L V E S D T b D N E A
NDM_F002 HR CTCTCCGTCCACC AGCTGGTCGAGAACTCCGACGCGACCTTC TGCATTGACAACGAGGCT
Lo gt S H Q 8. & F C I DN A
NDM_F012 HR CTCTCCGTCCACCAGCTGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCT
S H \4 S DN T C BB SN E _J3A
NDM_FO014 HR C TCTCCGTCCAC CAGC TGGTCGAGAACTCCGACGCGACCTTCTGCA’I‘TGACAACGAGGCT
S H L Vv N D A Roan ST N A
NDM_FO018 HR C! TCTCCG’I‘CCACCAGC TGG’I‘CGAGAACTCCGACOCGACCTTCTGCATTGACAACGAGGCT
Le S V H L V E N S D A Ca'l DN E A
NDM_F026 HR CTCTCCGTCCACCAGC TGGTC GAGAACTCCGACGCGACC’I‘TCTGCATTGACAACGAGGCT
S Q V E S D e C D N E
NDM_F027 HR C 'I‘C TCC GTCC ACCAGC TGGTCGAGAACTCCGACGCGACCTTC TGCATTGACAACGAGGCT
SimV H V E S DA T F € TIThD E A
NDM_F038 HR CTCTCCGTCCAC CAGCTGGTC GAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCT
S V H E N S D A c D N E
NDM_F061 HR CTCTC CGTCCACC. AGC TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGC 3
L S Vol O L E =N © SDARAS ST s 0 - ¥ o E
NDM_F106 HR CTCTCCGTCCACC AGCTGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGC T
S WiLH-IagS T, & NS D P G ERD A
NDM_F110 HR CTCTCCG'I‘CCACCAGCTGGTCGAGAACTCCGACGCGACCTTCTGCAT’I‘GACAACGAGGCT
L § H Q L N D A B € I D N E
NDM_F116 HR CTC’I‘CCGTCCACCAGC’I‘GG’I‘CAAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCT
Vo H TN S.BEANT F C D A
NDM_F130 HR CTCTCCG’I‘CCACCAGCTGGTCGAGAAC'I'CCGACGCGACCTTCTGCATTGACAACGAGGCT
I S H Q V E N S D T C I D A
NDM_LO078 HR CTCTCCGTCC ACCAGCTGGTCGAGAATTCCGACGCGACCTTCTGCATTGACAACGAGGCT
L H Q L V E N S D A F € I B N E A
Nucleotides = = = oo G S L S 120
Amino acids = m we e e wm ow R o= @ om ok

= e 40

Fig. 4. Comparison of deduced nucleotide sequences and amino acids in TUB2 gene of
Colletotrichum gloeosporioides f. sp. aeschynomene" between carbendazim-resistant
C. gloeosporioides isolates causing ‘Nam Dok Mai’ mango anthracnose. ("Buhr and
Dickman (1994), ®Peres et al. (2004).
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Phenotype
U14138'Y wild type CTCTACGACATTTGCATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAAC
Y G="M R E L S "Neab 50 %G
NDM_FO006 S CTCTACGACATTTGCATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAAC
B ey~ D I € M Rl ¥ 2 S N P S S B
NDM_F057 S CTCTACGACATTTGCATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAAC
L I C ML RoT Tn KM §S 8 Y 6 D .L
NDM_F118 S CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
I Y S T T M L N Y e DL "
NDM_L068 S CTCTACGACATTTGCATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAAC
N D 1 R L S P 8 Y.6. B L N
NDM_F002 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
Ya@D)" T i i K L S N S L N
NDM_F012 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
i C M R T S PO "G
NDM_F014 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
L M R Talank L S N BEEEYEG: D N
NDM_F018 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
Y T ol R T L L S N S Y G B
NDM_F026 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
L. ¥ DT M R T S N & Y 6 D I N
NDM_F027 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
Y D AELCMER TR K S B S G B L
NDM_F038 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
Y abh S M 7 i D L N
NDM_F061 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
5. X i@ C EMsR T K LS N P S G D
NDM_F106 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
L i C R % D K LS P N5 a8 G L N
NDM_F110 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
e D I C R T, L R L S agN"PwS ¥ G D L N
NDM_F116 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTgTTACGGCGACCTGAAC
¥ D _I.C M S ¥ L N
NDM_F130 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAAC
L I ¢ R IESTSREI S N BFS YalGoh L. N
NDM_LO078 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAAC
° g ¢ Ky SN P S YWiGe B LN
Nucleotides = = = —-cmmmmmm K me e e e 180
Amino acids Eame = = E@le Ao ieinl sl = Belhs s o o 60
Phenotype
U14138'Y  wild type CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTG
H L V.S AsV'M S Ge¥y T T C L R'E P @6 O L
NDM_F006 S CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTPCCTGCCTGCGTTTCCCGGGTCAGCTG
S VM S G T THRC 2G
NDM_FO057 S CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTG
L S A V M & Ve TEE B ROF P Q
NDM_F118 S CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
Beh V M8 G V T T CWl
NDM_LO068 S CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTG
V S A V S G W T '3 C MR F G 9 L
NDM_F002 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
V S V M v T T € R F P G &L
NDM_F012 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
M. 8 A M S 8 VT cCn P G L
NDM_F014 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
B L ¥V M SV T T C "5 BN -Shaal Q L
NDM_F018 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
\4 A VN M SG C REF" Pi'G Q
NDM_F026 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG x
B He VS WA V M .S16 IVIT 'L RuF P G L
NDM_F027 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
H L V "Sal2 V 5 .6 VT T Cal R F GCiadl' L
NDM_F038 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
S A V MTSEgEyty g C FE PG QO b
NDM_F061 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
L A M8 6.V 5 @ 5C 1 P GOl
NDM_F106 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCPCTACCTGCCTGCGTTTCCCGGGTCAACTG
L V SExeN FMES @& V L R F P €& 0
NDM_F110 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
H L V.S A V M 8 G V o E G
NDM_F116 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
H L V S A M S (e B - A - 9 L
NDM_F130 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTG
H L V 8§ M §S G vV T (G r G L
NDM_LO078 HR CACCTGGTCTCTGCTGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTG
H L Vv S ¢ ¥ T T & I G Q
NECLEOLRAER = = e oo i i € S S B s s e *—-- 240

Amino acids - - - - - - - - - - - - 80

Fig. 4. (continued) Comparison of deduced nucleotide sequences and amino acids in TUB2

gene of Colletotrichum gloeosporioides f. sp. aeschynomene'” between carbendazim-

resistant  C. gloeosporioides isolates causing ‘Nam Dok Mai’ mango anthracnose. ’Buhr
and Dickman (1994), ®Peres et al. (2004).
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U14138‘" wi‘?§°§§§é
NDM_F006 s
NDM_F057 S
NDM_F118 S
NDM_L068 S
NDM_F002 HR
NDM_FO012 HR
NDM_F014 HR
NDM_F018 HR
NDM_F026 HR
NDM_F027 HR
NDM_F038 HR
NDM_F061 HR
NDM_F106 HR
NDM_F110 HR
NDM_F116 HR
NDM_F130 HR
NDM_LO078 HR
Nucleotides

Amino acids

U14138"Y _wi
NDM_F006
NDM_F057
NDM_F118
NDM_L068
NDM_F002
NDM_FO012
NDM_F014
NDM_F018
NDM_F026
NDM_F027
NDM_F038
NDM_F061
NDM_F106
NDM_F110
NDM_F130
NDM_L078

Nucleotides
Amino acids

Phenotype
1d type

S

S

S

S

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

Journal of Agricultural Technology 2010, Vol.6(2): 365-378

AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTTC
S L \ M K R R L
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTTC
N S D_L JR L v v P F R L 3
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTTC
NUS* D L K 8L R N8 M JVEPe Palp RYL "HLF F
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
L N M~ VEFP EyPwRshy SOP
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTTC
D L R V N M F P L H
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
N K A PHUE P R L

M VvV F
AACTCTGACCTGCGCAAGCTGGCTGTCAACAlbbllLLL11LLLLLb1L11LACTTCTTC
S R M V P F P R L

A HF
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGG1LLLl1rLLLLLbLL11LACTTCTTC
S D L L N \'4 - L H J¥ JF
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
S D B F R L H F F

L R K N M
AACTCTGACCTGCGCAAGCTGGCTGTCAACAlbb1lLLlLPLLLLLbLLl1LACTTCTTC
N S D L R K \4 M R

Vv P H 4
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC

N LR RIENL A B F P R I B F
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC

S L N BNE P L H OF P
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
N S A B

K B R
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
N S D K N M V P F R" L F
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGbllLLlLLLLLLLblLllLACTTCTTC
S D K M VP BEOR L

L A F _F
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
N s K A M E R L ¥
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
N K L v. N M.V P F R H Fr F
AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTTC
N K L v BV P M B L H  FPF

ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
G BA L S G H F AV v
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGTGCCGTCAGTGTT
M G FPFA P & S G S P R A S v
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M vV L S s Vv

G F P R G He oS5 F AR \4
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCALlLl1lLLhLGCCGTCAbth1
M V G F A P G H

L T S S F A V S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
AN BT S R. V a5

R G H F
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M G F A P LT § G A S F R A S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
G A L T S R G A H R A s Vv
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
v A T v

R G & H"S R & V S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M V G S G A r A S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M G F A A

T R \4
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M G B T S S

G A S A
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M B 4 S G F Bt Vil S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
B AA NP S A S

M R H F
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
G S A T NS

P H 8 FER A S
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M 6. F A P T 8 G A H F R AV 8§
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
VG A L H R S

M S G F
ATGGTCGGCTTCGCTCCCCTGACCAGCCGTGGCGCCCACTCTTTCCGCGCCGTCAGTGTT
M G S G H 8§ F R A V S8

300
100

360
120

Fig. 4. (continued) Comparison of deduced nucleoude sequences and amino acids in

TUB2 gene of C. gloeosporioides f. sp. aeschynomene™"

between carbendazim-resistant

C. gloeosporioides isolates causing ‘Nam Dok Mai’ mango anthracnose. ’Buhr and
Dickman (1994), ®Peres et al. (2004).
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Phenotype
U14138'"" wild type CCTGAGCTCA
£ ExrL
NDM_FO006 -4 CCTGAGCTCA
P E L
NDM_FO057 S CCTGAGCTCA
PaE L
NDM_F118 S CCTGAGCTCA
B E L
NDM_LO068 S CCTGAGCTCA
B _E 5
NDM_F002 HR CCTGAGCTCA
BPVE L
NDM_FO038 HR CCTGAGCTCA
P'E L
NDM_F061 HR CCTGAGCTCA
P__Eal
NDM_F106 HR CCTGAGCTCA
P E L
NDM_F110 HR CCTGAGCTCA
P E L
NDM_F116 HR CCTGAGCTCA
P E_Jb
NDM_F130 HR CCTGAGCTCA
P E L
NDM_LO78 HR CCTGAGCTCA
P E L
Nucleotides = = --—------- 430
Amino acids - - - 143

Fig. 4. (continued) Comparison of deduced nucleotide sequences and amino acids in
TUB2 gene of C. gloeosporioides f. sp. aeschynomene'” between carbendazim-resistant
C. gloeosporioides isolates causing ‘Nam Dok Mai’ mango anthracnose. ’Buhr and
Dickman (1994), PPeres et al. (2004).

Discussion

C. gloeosporioides causing ‘Nam Dok Mai’ mango anthracnose,
according to their differential carbendazim-resistant phenotypes. HR
phenotypes of C. gloeosporioides were developed naturally under conditions
of continuously applied fungicide that resistance in field. It showed that
continuous  application enhanced fungal pathogen development against
chemical fungicides as reported by many researchers (Sariah, et al., 1989;
Farungsang and Farungsang, 1992; Farungsang et al., 1994; Steffen et al.,
1996; Sander et al., 2000; Kim et al., 2007 and Kumar et al., 2007). The
appearance of fungicide resistance is a key factor in limiting the efficacy and
lifetime of important disease control strategies. This is the worldwide problem
of farmer. Therefore, resistance may also be an important aid to our
understanding, at a molecular level, of the fungicidal mechanism of action.

Carbendazim fungicide act by inhibition of tubulin biosynthesis
(Davidse, 1973 and Ma and Michailides, 2005). Several researchers have
reported that fungicide-resistant mutations of almost all fungi are closely
associated with the single nucleotide mutation, and results in the mutation of
amino acid as well as the structure of fungicide binding point in the TUB2
(Fujimura et al., 1992 and Gafur et al., 1998). These mutations that confer
fungicide resistance have been identified in the TUB2 homologs from several
fungi. This region of the gene was amplified because every identified
mutation which confers fungicide resistance in the phytopathoginic fungi
(Table 4). In this study, we were analysis of partial sequences of the TUB2
gene in C. gloeosporioides from ‘Nam Dok Mai’ mango in Thailand that is
responsible for carbendazim resistance showed that the typical single
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nucleotide mutation converting codon 198 caused HR phenotypes. Only the
amino acid mutation at residue 198 was closely correlated with all HR
phenotypes. The amino acid mutation of codon 198 in the TUB2 gene has
been identified in fungicide-resistant fungi such as Botrytis cinerea causing
gray mold disease of a number of crops in Israel (Yarden and Katan, 1993),
C. gloeosporioides causing postbloom fruit drop disease of citrus in Sao
Paulo, Brazil and Florida, United States (Peres et al., 2004) or causing
anthracnose diseases of fruit crops in Japan (Chung et al., 2006) or causing
anthracnose disease of Limonium spp. in Israel (Maymon et al., 2006) or
causing anthracnose disease of mango in south China (Ru-lin and Jun-sheng,
2007), C. gloeosporioides f. Sp. aeschynomene from northern jointvetch
(Buhr and Dickman, 1994), Monilinia fructicola causing brown rot of stone
fruits in California (Ma et al, 2003), Penicillium expansum causing blue
mold disease of stored apples in north America (Sholberg et al., 2005),
Venturia inaeqalis causing scab disease of apple in Michigan and other plant
pathogenic fungi (Koenraadt et al., 1992). Besides, different mutation points
such as codon 50 in Fusarium moniliforme (Yan and Dickman, 1996) or 200
in C. gloeosporioides (Chung et al., 2006), P. aurantiogriseum Venturia
inaeqalis V. pirina (Koenraadt ef al., 1992). There were the different codons
in the TUB gene may result in different resistance levels to chemical
fungicide (Koenraadt er al., 1992; Albertini et al., 1999 and Chung et al.,
2006). In the present study, C. gloeosporioides highly resistant phenotypes to
carbendazim also had the amino acid substitution of glutamic (GAG) with
alanine (GCG) at codon 198. Therefore, we conclude that mutations in codon
198 of the TUB2 gene confer phenotype of carbendazim resistance in C.
gloeosporioides. However, the fungicide resistance may result from single or
multiple gene mutation. Resistant phenotypes typically arise from a very low
natural rate of genetic mutation, and these isolates are less affected or not
inhibited at all by a labeled application rate of this fungicide (Ma and
Michailides, 2005). This indicates that careful management of chemical
fungicides applications is necessary to achieve effective control.
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Table 4. Point mutations of some phytopathoginic fungi at the second beta-
tubulin (TUB2) gene causing the resistance to fungicide.

Phytopathoginic Amino acid Growth on concentration of kind Refereince
fungi Substitution Position fungicides (phenotype)
Colletotrichum Glu (GAG)to-Ala (GCG) 198 10 pg of benomyl/ml (resistant) Peres et al. 2004
gloeosporioides > 100 mg of thiophanate-methyl/1  Chung et al., 2006
(highly resistant)
1,000 pg of carbendazim/ml Ru-lin and Jun-sheng,
(high resistant) 2007
Phe (TTC)to-Tyr (TAC) 200 10-100 mg of thiophanate-methyl /1 Chung er al., 2006
(intermediately resistant)
C. gloeosporioides Glu (GAG)to-Ala(GCG) 198 1 pg of benomyl / ml (resistant) ~ Buhr and Dickman,
f. sp. aeschynomene 1994
Fusarium moniliforme Tyr(ATC)-to-Asn (AAC) 50 1.5 pg of benomyl / ml (resistant)  Yan and Dickman,
: 1996
Monilinia fructicola Glu (GAA)}to-Lys(AAA) 198 slow growth on 50 mg of benomyl/l Koenraadt er al., 1992
(highly resistant)
Penicillium Glu (GAG)to-Ala (GCG) 198 rapid growth on 50 mg of benomyl/l
aurantiogriseum (very high resistance)
Glu (GAG)to-Lys (AAG) 198  slow growth on 50 mg of benomyl/l
(highly resistant)
Phe (TTC)-to-Tyr (TAC) 200 5 mg of benomyl /1
(medium resistance)
P. digitarum Glu (GAG)to-Lys(AAG) 198 slow growth on 50 mg of benomyl/l
(highly resistant)
Glu (GAG)}o-Val (GTG) 198 slow growth on 50 mg of benomyl/]
(highly resistant)
P. expansum Glu (GAG)to-Ala(GCG) 198 rapid growth on 50 mg of benomyl/1
(very high resistance)
Glu (GAG)-to-Ala or Val 198 1,000 of benomyl or Sholberg et al., 2005
(GCGor GTG) thiabendazole/ml
(highly resistant)
P. puberrulum Glu (GAG)t0-Ala (GCG) 198 rapid growth on 50 mg of benomyl/1 Koenraadt ef al., 1992
(very high resistance)
Glu (GAG)to-Lys (AAG) 198 slow growth on 50 mg of benomyl/l
(highly resistant)
P. solitum Glu (GAG)}to-Lys (AAG) 198 1,000 of benomyl or Sholberg er al., 2005
thiabendazole/ml
(highly resistant) i
P. viridicarum Glu (GAGHo-Lys (AAG) 198 slow growth on 50 mg of benomyl/l Koenraadt et al., 1992
(highly resistant)
Sclerotinia homoeocarpa  Glu (GAG)to-Lys (AAG) 198 slow growth on 50 mg of benomyl/l
(highly resistant)
Venturia inaeqalis Glu (GAG)-to-Ala (GCG) 198 rapid growth on 50 mg of benomyl/l
(very high resistance)
Glu (GAG)}to-Lys(AAG) 198 slow growth on 50 mg of benomyl/1
(highly resistant)
Phe (TTC)to-Tyr (TAC) 200 5 mg of benomyl /1
(medium resistance)
V. pirina Glu (GAG)10-Ala(GCG) 198 rapid growth on 50 mg of benomyV/1
(very high resistance)
Phe (TTCto-Tyr (TAC) 200 5 mg of benomyl /1
(medium resistance)
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unAango

\Ta T Colletotrichum spp. auna liauauunsa luguaanzainedan 150 lalaan wonlapis tissue transplant-
ing technique ﬁﬁmmaaumwﬁmmudamsﬂaaﬁuﬁ’m“m%aﬁms‘mum%u 6 ITAUANUTUTY 61"\117: 0.1, 1, 10,
100, 500 waz 1000 VadnIudaday wumaﬂmuwuﬁmumu (Car’) $waw 115 lalaan (76.6%) ua,vnaﬁmuwuﬁ
sauue (Car’) $wau 35 lalaan (23. 4%) vhamaaulsrininwrassstlasiuisatan 6 Tia (benomyl, cap-
tan, carboxm carbendaZIm copper oxychloride, W8z mancozeb) AUAATILUEIN WU’]"\ captan, carboxin WRx man-
cozeb ﬂ'mﬂm'ﬂaﬂmuwuﬁ Car uas Car 'lﬂﬂs.ammwaoaﬂ 100% uam)’mu 8137 benomy uWar carbendazim
munumaﬂmuwuﬁ Car 'l& 100% iuiu dumstlasnuiiaden copper oxychloride 'LiifiuszanTawlunis
muam-namm 2 MuWug uﬂTﬂTaunﬂﬂnguﬂnmomn‘mmuau anasaulszanE ATz 11 uas B4
#i 6 szuANUTUTY ”lau.n 0.1, 0.3, 0.5, 1, 3 uax 5% wmwma-mnmwwu'uu 5% uﬂsmmmwuummaﬁmn

wuq Car winny 56.34% W8 54.83% @NRAU KQ“ﬂ?:’H’lUﬂﬂ’ﬂ”L'ﬂUﬂu 5% UUUOLQW"I:I.'HEJT’IH’]UW“): Car (innu
61.91%
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Abstract

One hundred and fifty isolates of Colletotrichum spp. were isolated from mango anthracnose disease by tis-
.sue transplanting technique. The carbendazim resistance test was conducted to all isolates at various concentra-
tions: 0.1, 1, 10, 100, 500 and 1,000 mg/l. The result showed that 115 isolates (76.6%) were carbendazim highly
resistance (CarR) and 35 isolates (23.4%) were carbendazim sensitive (Cars). Six fungicides (benomyl, captan, car-
boxin, carbendazim, copper oxychloride and mancozeb) with a final concentration of its standard field recommenda-
tion rate were assessed for their effectiveness to control CarR and CarS strains. The results indicated that captan,
carboxin and mancozeb showed 100% effectiveness to control both CarR and Cars strains, but benomyl and carben-
dazim were only able to control Cars strain (100%). Copper oxychloride was not effective to control both strains, but
the colony appearance distinct from control. The efficacy of Alpinia galanga (galangal), Boesenbergia pandurata
(fingerroot) and Zingiber officinale (ginger) at various concentrations: 0.1, 0.3, 0.5, 1, 3 and 5% (w/v) was also tested
against CarR and Cars strains. The results showed that crude extract from ginger and galangal at 5% concentration
were the most effective to control CarR strain with 56.34 and 54.83% inhibition activities, respectively. However, fin-
gerroot at 5% concentration showed the highest activity in controlling only Car’ strains with 61 .91% inhibition activity.

Key words: fungicides resistance, phytopathogen, plant extract, Colletotrichum
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15 fadAes  nmuuld cork  borer W
wurgudnans 5 fadiues savsnnwevlalafidan Colletotrichum
spp. MUWUE Car' RTINS Car® MALILUEIMNT PDA 8y 7 T
vumTRB T fnsussesiuhalsafinaind launasay
w4 dn ﬁm{m‘;qm“gﬁﬁm vufinansuclalait uaziavuaidu
ugudnailalail Wadwmmlefidndmstugimmeinueaduly

- [ - e & -~ &
lLﬁUULY\UURan:IﬂIRunU'lzﬂﬂ’]UG}!JYNRB\'IMUW“E
o a '
NINAIN 4 nadaulsz8nSAINBININIEYIY B UAL
>
29 ‘lumsmuqumim‘%tyﬂaoti’iaﬂ Colletotrichum spp.

aunglsauanunsaluavosnsag

whsnemadsade PDA ﬁdmmsﬁﬂhﬁ;ammsa"ansi'nfxqmvagﬁ 121
asmwadsa anuenla 15 euddameiin wam 20 wift aniu
HEUHINTETY 11 uasdd A 6 srauanduTuei 0.1, 0.3, 05, 1, 3 uas
5% uﬁ')mlﬁa‘mam’m‘gn\u%aﬁﬂLﬁumuguﬁnma 9 wuAwes Uszaunm
15 Haddas nunaseunIsudImueiyvendul Taus culture disc
technique lauly cork borer BwadFurIUgUinTL 5 fnfiuas aaiinm
voulalafiiden Colletotrichum spp. UAUT Car' UATELWUE car’ #
@psuuams PDA 0y 7 TMIsIuRIMETIABI TR LAY
Waududng mmesasa: 4 61 U'ut%aﬁqmﬂqﬁﬁmwtﬁulm%ﬂﬁ'lwqa
ﬂmqmﬁtytﬁumumwmgmn‘;a ﬁuﬁnwmam’udwuguﬁna‘uﬂﬂlaﬁxﬁa
fnmmwesidudnmssuds
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o - o o
A. Famsniyldvasdosumemns PDA inanansilasiwidadanaiiunanda

f= ¢ a &
lﬂaﬂ‘ﬂuﬂﬂ’ﬁﬁf!’g'ﬂﬂﬂ'ﬂa?’] =

sadoidudeudnalalafivanagay  x 100

(founuganiugu)

. - v < -
Auaddudgudnanslalailyaniugy

g 2 X Y
nnuwihwaiidudmsiiguansanild wWisuisunugaaiugu fai

+ =

& d a v 4 -
= Wanhigld < 10 % aifisunugamugy

& a4 a %3 . L d o
wanfiglanue 10% ualifis 35% afisuiuganiugu

4 T ;- — o A o
et = l'ﬂaﬂﬁl‘ity‘lﬁ’ﬂﬂlﬂ 35% ltﬂ1nﬁd 65% l”alﬁﬂuﬂu’{ﬂﬂ?uf}”
& 4 a [ M oA d a o
+++ = l'ﬂﬂ?'\“k"]?ly'lﬂﬂﬂuﬂ 65% Wi liiia 90% tﬂakﬂﬂunu"!ﬂﬂ')uqu
o e —

& { a v, & P o
wanfwTyldniue 90% Iwliillafisuiuganiugy

o o o a A& & 9 <
B. “ﬂ’zﬂuﬂ']"“ﬂ"’\“n"“daa"sﬂa\,ﬁ“n'\“ﬁlgas'lﬂ'l{luuﬁ'\%luﬂ“ 43¥@1 (AN 1)

{ 9 Y o Y v o o & a
@139N 1 Mamnm‘n'mwm:ﬂun'numumumsﬂaanumam'naﬁmﬁuum‘nu (Koenraadt et al.,1992; Peres et al., 2004)

Strains ‘hq'slgstant léﬁ)eis
i : 041 1
s ) /A
Car Sensitive (S)
4
Weakly resistance (WR) 7
R Moderately resistance (MR) /
Car
] ' /.
Highly resistance (HR)
/
& o ) = o ¢ A
Car = Wwanmewuidauuadamlasnuiiaanmiiuuedy

& c e ey v o, v & < a

Car = danmokuidumumsilasiuiiamanafiuandu
& d a My a a v . A a a

X = daniwiglild wiewiyldieunii 10 % dafouiuganiuay
& d a v, & d o« o

/= denisiglaad 10% dwll dadouugeniugy

Han13IY
= < §
MINAAIN 1 NTUYNUATLAUIIVIINEGDI  Colleto-
trichum spp. aunalsauanunsaluavasnzaig

4
Augasaimilinuanunsalug
1 ﬂ -y . vl. . & 4 -
wuanuuluiugausadmhaaglihiviuen dadaasinaunain
2 =7 - e
1a lufidawinng unaszuseiedumad miiluwmiadedonds
a ; g o v vl
U3 (M 1n) duemuueaiuidavianagn Gunnafiaiaiy
fddgUenantmalivines

iudmatwlukasnavasuzaing

awnﬁv'uvmmfluuua'l.nnjsiamhanau%'
ihaadudadin (mwdl 12) u‘fal.ﬁau%nmuuaqusﬁlwniws:ﬁmﬁu Wwnvay
annaunsarnudaudaing FmGeaduwndoutuiutu wisaned
na;umjas‘é’num:xﬂwaammiuia’uagu‘mmnawuuauuuau:u‘u (MW

A 1a)

nnnsuendanlagi’ tissue transplanting technique led31uau
150 lalman uazfinmdnsuemedagwingmendaniuonld wuin
Formanuadanwnclalafiunamny PoA il (osowdulufizun &
Mhum Fmden wnsimuuEiyEs R Telsnm 7-10 T
(nwit 2n) ma'lahmnﬁ'umiuaﬂas"ﬁiu uazwuidia sclerotium &6
(Nl 21) fydragluamn PDA anwmuzalaizUnsinszueniniouu
(cylindrical) wasiaen la 1w 4.2-5.1 x 15.4-206 pm (mwﬁ 26) N
ﬁ'nmu:w“andwﬁﬂimum%m1mmq'la’xﬂu Colletotrichum  gloeo-
sporioides AUWANINMTYAI Sutton (1980)

= o
nmMIinataIin 2 mim‘maaunww‘ﬁumumﬁ]aanu

o o & & $ a
mami’aﬂmsmumiuﬂaat%aﬂ Colletotrichum spp.
a'lmq'l-'muauunsa‘fuauaau:ﬁu
. o a £d v . o
mmaﬂmqﬂmuun‘lﬂ VIATIARBUANAUNIUR T BINU
o o X T4 a -I U ¢ <
faamanaiiuuaduuuemns PDA  nuaussilasnuidamanas

wumBuit 6 srduaududuaIi 0.1, 1, 10, 100, 500 uaz 1000 mg/t
(Mt 3)  wudemiwmmuaniilaaduidadanafiunanduln
:v‘r’uga (highly resistant: HR), s=auUUNans (moderately resistant: MR)
wanFanfideunadamsilasiuiiadomafiuumdu (sen -sitive: S)
3mau 113 lalman (75.3%), 2 laloan (1.4%) uaz 35 lalman (23.3%)
AL (aTafi 3)

nInaaasi 3 nadeulszAndnwuasasiles Aumda
Won ‘lumsmuqun1sta?muaot§as1 Colletotrichum

spp. mmqfsnuauumafuanaw:;ha '
nnmimeareulszansnmussmitlasiumdaden 6 wiia léur beno-
myl, captan, carboxin, carbendazim, copper oxychloride Wiz mancozeb
fianududuausanusihlunstuimasdgreaduloveadan
wuh  entlesiuidadenfidszinsnmdufimaniyvenduloves
ti‘faﬂmuﬁ’mf Car uax Car & 100% #a captan, carboxin U8z man-
cozeb uana‘mﬁr @17 benomyl uax carbendazim ﬁ'utfam'nﬁty‘uaatﬁu‘lu
'uaat%aﬂmuﬁmf Car’ 100% 1wt dawmaitlastumsadan copper
oxychloride Juz'fm’ﬁm’m.maam’ulmlaavfaﬂmuw'uf Car ua: Car &
WD) 41.12 uay 40.14% AWEGL (TR 4) wananii @3 copper
oxychloride  gafinailiidulodanymzwdowadly TasdwlsRuuun
Wigdetawhammasade  walalafiudounnirnidudindasdan
wiadheadu (mnl 4)

nInaaaef 4 nadeulsz@nBamuanInszrng 11 Uax
29 ‘lumsmuqumsm%mﬁuaotﬂvaﬂ Colletotrichum spp.
aunaliauanunialuszasnzaing

a a | a o -
MM AU EANTMWBRININTETE 10 Uarla N1 6 ITAU

v o o o & - %
AMITuduaIi 0.1, 0.3, 05, 1, 3 uar 5% lunmadiuginaeiguaaduly
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A v . v a d a a o« &
arswn 2 a”m'Jaanun‘naimwﬂw'lﬂummﬂaauU?:a'nnmw'lumwum

a v &
madyeaduluvaadan Colletotrichum spp. Funglinuauunnlug

Fungicide common name - Recommended conctn. (mg/l)

1. benomyl 500
2 carbendazim 500
3 carboxin 525
4. captan 1,250
5 copper oxychloride 2,150
6 mancozep 200

voudem wuihdausshienudy Su 5% fiszaninmiudadenmn
ﬁuﬁvﬁumueiamn’laaﬁuﬁﬁm%a'nmmumﬁu ©ar) iy
56.34 U8 54.83% MWAIAL %aaqu‘lwsﬁa 2 silaiiiUszinsnwlums
dugammsigreadulovesdortalivandreiufisauamudodu 95%
funzreanndutu 3 ws: 5% L'iuﬂ"u%ﬂﬂmuﬁufdauuaﬁams
Hostumiadanaumenidy (Car’) ldiviiy 5220 war 61.91%
AN (AT 5, Nt 5)

Fsnina

3 " o, T =
ynmasafiuanusunuasilasnuiia®em miuwandy
x . .
W8T Colletotrichum spp. Fnelsnuan-uninlusvaduzing $1wam
\l I & .« ¢ R - o - N
150 lalmian wuiammunuf Car gfls 76.7% illassnmaniauziag
. e o e &K
Tulsznalng insmnsdulngfisuldasilasidmdensiaiaienie
., | - o v a -
LR EITEED GIUHRT [ Eatren imﬂumﬂmmmuwufmaaL'T;aﬂmﬂ:iac
“ o8 a 4 > o o
Uiudliagsenldlusmmi Seseendasniufl Spalding (1982) uas
) . B S T
Jeffries et al. (1990) ﬂunu')‘lmiﬂamun’mﬂmaﬂﬂuﬂgﬂ'ﬁu (systemic
S e . g
fungicide) N3 benomyl Us: carbendazim 'nnu’llm‘mﬁ'\uﬂ’mﬂamsmu
T - b .
nqui‘fln dawaliszintmlumsmunuliniloaionss  wiounus:
My o £ ' . o & P v
augulald Gomsudnd (2543) naIInInaeRuTangaiie v
v . o O it e . o
fumudamsiniivsiieiudniinsldamnainug  dadenwiu
| Y . o o o - -
“aMuRssaties uszauThumusemilasiuidalinfirsiagady
) - sk o o e R
(systemic fungicide) azfintuliiFandnasilosnumidalinRoriadudaay

- o ; i o et
(contact fungicide) Iﬂum’mmumuaams{]aanunwnwaﬂ‘uuﬂgﬂiuv:

Wedumenisnnfignsldaadenuuwn 23 Duiniu ua:msnmuw"mf
ﬁona‘nmmmmunaﬂmuw"ugmwg;jugnv\mu'lﬂ” Lﬁm%amuﬁufﬁw
muﬂ‘amsﬂaoﬁuﬁﬁm%mnmmq‘[mﬁ'm'?imﬁmmmnﬁ»ﬂunwmﬁ
dananszusInEaINIHgNAY Weldastlasmumdalsadnguds T
mmmmuqm%ammqmaﬂiﬂﬁﬂﬁ wanINUeBIE wWieadunums
wig  uazgmdsomlaglisuin - dmdummeseudssiniamuesans
fasiuiidadion ausamuus i 6 Tiia ldurd benomyl, carbendazim,
caplan, carboxin, copper oxychloride W&z mancozeb vf«amuqm%aﬂ
Colletotrichum spp. wm‘wmsﬂaaﬁuﬁﬁﬂt%a1nﬁﬁﬂ7:§m%n'mmuqu‘lﬁ
gaﬁo 100% fa captan, carboxin Ua: mancozeb Gamsiainananniluans
flostumialiafy Ansudmmaineas  (2549) wunhlwldnGouls
uﬂaoﬂgnaiuﬁumsﬂaqﬁuﬁﬁat’l'faﬂ carbendazim AailestiumInay
w"mfmau%aﬂ #UmManhas  benomyl 'ﬁulﬂumimﬁnémﬁmﬁumi
carbendazim (N§u benzimidazole) w1 lEluminanas Wasindaams
finmmsdmmuty (cross resistance) @awuinastlesiuindadan
benomyl ﬁﬂs:ﬁnimw'lumsmuq:ﬂm'lﬁlﬁmsﬁmiau UAZIINKANTS
vmamuam\ﬁtﬁu'hmﬂ'ﬁmsmﬂ'lunq’mﬁmﬁuﬁmv:ﬁa\ﬁtﬁﬂmw
Fumutu tfimmuﬁw‘uraﬂﬁond’nmmsnﬁmmudamsmfﬂun@
Woaru ldinn i 1 wile seendaanuMoIMMIianNE MUY
damaaiilungy  benzimidazole lwdormanusiiau  Colletotrichum
capsici (Sariah, 1989) C. gloeosporioides (Wen-Hsin et al., 2006) Penicil-
lium spp. (Sholberg ef al., 2004) Venturia inaequalis (Koenraadt et al.,
1992) ifludu uszanmmasauUszEniawuenanszTe 11 uasde e
mm}mi&m Collefotrichum spp. Wuinszmefienududu 5% &
Ysziminwdfian Taodudsnmsiigrenduloveanden Car® ldriniu
61.91% uona it Sauszinfinnudaiu 5% fitsznEnmiudimsesny
vaudulvaadan Car® & ity 56.34 us: 54.83% mwineu
FOAANDINUNIANKITBY  §ANTY  (2548) Afnwgnivoseianaingu
s:mu#ﬂa’mnaqu‘lwsuvﬁn 3 oila fa NIz B ezl 'lumsmuqu
msw’ny‘uaatiu'lwmL'{aﬂmmqhﬂﬁ'ﬂ wuh  shdusmmonnnsze
urulugms PDA st 1,000 pg/ Swavnliidon C. capsici,
Dothiorella sp. sz Pytium aphanidermatum 351 lilduuems uaside
71 Pestalotiopsis sp. \93Qans 88% fmiuritussmeandennuidutu
1,000 pg/t ﬁuaﬁw’lﬁmnﬁtymawfan C. gloeosporioides, Lasiodiplodia

theobromae, Pestalotiopsis sp. W8z P. aphanidermatum 8asIlTuNu

A 3 V-

&4, . o = X ‘ ; -
NINN 2 ANBUSNNFUIUIMBIVBILTB I Colletotrichum gloeosporioides mmqkﬂuauu‘nsﬂTumaau:un; (n) Talafluuamis potato

dextrose agar 1¢) 10 3, (1) niuAUeRaY uaziiia sclerotium &0 uas (0 Tatiide (100%)
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a9

q

nmsuenidan Colletotrichum spp. aunaliauauuninlug
va3uzid w150 lalman wazamsseuanusunudamsilaaniu
fdadamaiuundy wm-faﬂna:umuw"mf Car 3w 115 laloan
ua:vfaﬂna;umuﬁuf car Fwwm 35 lelwan devwmasey
Usrininmasmiilasiuidadanamusanuusin - wuh captan,
carboxin U8z mancozeb muqun‘;aﬂmuw"uf car' URTEBWUT car \&
irinimngaga 100% suatlasiwiidadon copper oxychloride
'l;ii'nJ7:an'1‘imw'lunwn‘mqm%aﬁvfa 2 MuWUT uazlszEnEnwuaang
nsz1e 39 Wazin wui Bauaztnianudutiu 5% Jutfamnﬁtyﬂam‘;a
TNHRUT carl ‘lﬂ'ﬁﬁqa WL 56.34 uRr 54.83% @NEGU EIn

o v o o« ¥ & o S v
nEmsfinnuduis 5%  dugiawmdenmoiui Car  ldivindy

61.91%

a A

naanIsnlszae

nu’ﬁuﬂﬁumsaﬁuwuquﬁv’mwngudﬁwmnlu laddimwinuas,
SinWanndednsuazidodwine -maafussinalulad,  dutnau
AMNITUMIGANANE
v a
tand13a1d9ad

NIATININEAT. 2549, 'ﬁagaﬁmiﬁaqﬁhﬂﬂumun'mnm\sﬂ 2546. (32Uu

asula). undsiaya : hitp:/www.doa.go.th/toxic-46.pdf
2549).

(20 waumau

o P ALl A,
TIWANG Funad. 2543, msalitlasnuidaliane. SnnAu T, NIUNWY.
. 371 win

. Awut Amamwud. 25310 Tsaldwe. madmliefs amsinsas
UMTINNAUINHATIART. 286 Wil
G 2 B r - e e ST - 2
. Anwus  Jmamuun. 2542, Tialinsaiaunaznsilasiuide. madmleie

AMUTNHAT UMINGIAY LINBATANEAT. 172 Wil

ginm wnaznn, Fonsad Faunimna, vie @inauysol, winTTn Wjaes
uaz gau i, 2548, wavasmIAianmunATaNL vl lums
91aﬂ“ummmajsnﬁwi«n’mﬁuu‘im. Wi 142, lananslsznaumssuum
maATmAnmmmamMaiuie. aha 3. 10-11 aaau 2548. Taausy

a. e T O -
NWEUUIFaIM 2. lV(’lﬁL‘I?

1,000 mgl/l

annnwaTssinneaT naiTImEneas. 2551, Tayaniidssaniumuzang.
(zuusaulad). undsdaya: hitp/iwww.oae.go thioae (18 wasmay 2551).

a3 waail. 2533, m’imuqulsnuauiwaau:xhM‘ufxf’man‘lﬁs:u:riauunmﬁa
diudin, Inefwuitiy- galn. madnlinfis aminodoineasmand,
NIANNY.

Jeffries, P., J. C. Dodd., M. J. Jeger. and R. A. Plumbley. 1990. The biology and
control of Colletotrichum species on tropical fruit crops. Plant Pathology 39:
343-366.

Koenraadt, H., S. C. Somerville and A. L. Jones. 1992. Characterization of
mutations in the beta-tubulin gene of benomyl-resistance field strain of
Venturia inaequalis and other plant pathogenic fungi. Phytopathology 82:
1348-1354.

Peres, ARN., N.L. Souza, T.L. Peever, and L.W. Timmer. 2004. Benomy! sensi-
tivity of Isolates of Colletotrichum acutatum and C. gloeosporioides from
citrus. Plant Disease 88 (2): 125-130.

Sariah, M. 1989. Detection of benomyl resistance in the anthracnose pathogen,
Colletotrichum capsici. Journal of Islamic Acadamy of Sciences 2 (3): 168-
70

Singh, B. S., I. Mukherjee, J. Maisnam, P. Kumar, M. Gopal and G. Kulshrestha.
2008. Determination of pesticide residues in IPM and non-IPM sample of
mango (Mangifera indica). Jounal of Environment Science and Health. 43:
300-306.

Sholberg, P.L., C. Hariton, P. Haag, C.A. Lévesque, D.O'Gorman and K. Seifert.
2004. Benzimidazole and diphenylamine sensitivity and identity of Penicil-
lium spp. that cause post harvest blue mold of apples using B-tubulin gene
sequences. Postharvest Biology and Technology 36: 41-49.

Spalding, D. H. 1982. Resistance of mango pathogens to fungicides used to
control postharvest diseases. Plant Disease 66: 1185-1186.

Sutton, C.B. 1980. The coelomycetes: fungi imperfect with pycnidia acervuli and
stromata. CMI. Kew Surrey, England. 696 p.

Wen-Hsin, C., I. Hideo. and N. Kumiko. 2006. Fungicide sensitivity and phyloge-
netic relationship of anthracnose fungi isolated from various fruit crop in
Japan. Plant Disease 90: 506-512.

< v & .
NN 3 NIANITALANUATUNTRUBILTAIN Colletotrichum

spp.
P v o o &
potato dextrose agar AnauaTHaINUMIALTE IO TIUUMT

. & &
mt‘Wi}Iﬁ'ﬂ uauumﬂham AJUTUINUUDTINURLINTD

a P o v o, ‘ i a v
wundu Arzduenududude g ufigunpiivaaiuom
37

{ 4 2 . d e S P
ﬁ'\ﬂ\!ﬁ 3 a3 Colletotrichum spp. mmqhmtammm{unaou:xm m:ﬂumwohumumsﬂaqnumwvnaﬂmﬁuu AVTUAN 9

Paﬁé o

lo. of isolates (%) of Carbendazim-resistant

- plant. esistant (WR)

24 (16.0%)

46 (30.7%)

Leaves 0 (0%) 1(0.7%) 21 (14.0%)
Fruits 11(7.3%) 0 (0%) 1(0.7%) 92 (61.3%) 104 (69.3%)
. Total 35 (23.3%) 0 (0%) 2 (1.4%) 113 (75.3%) 150 (100%)

& a4 a d a - i ol - v o o &
‘L’naﬁmﬁmv‘lﬁ'z 10 % WaMyuNUIAMUANLUEINIT PDA Naumfmums‘muwmas:ﬂumwmu'uumo‘] Qift;S=01-1 mg/l, WR

=0.1- 10 mg/l, MR = 0.1 — 100 mg/l, HR = 0.1 — 500 %38 1,000 mg/l
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; s GallBe & % . . x .

AN 4 dazininmasasiasnuindaiansiiada g (mudaruuzi) 'lumsmuqumasﬂ Colletotrichum spp. mtuqiiﬂttﬂuttwsa
; X X

Tuausiig UMM MIALITS potato dextrose agar

Percent inhibition*
Fungicide common name

ical Car®
benomyl 61.15"" 100.00°
carbendazim 19.86¢ 100.00°
captan 100.00° 100.00°
carboxin 100.00° 100.00°
copper oxychloride 41.12° 40.14°
mancozeb 100.00" 100.00°

ey o ¥
ANARLIMN 4 5

o e ' g Ve " “ o aad o 4 < a

* anmdenuuaashilianuuandniuethaiisifymesdafnssauaudems 95% wivufoulauds LsD
s v vy ; R 5

Car = lwanmoWuidauuadassilosnuindmgenamiiuuady

R & “ € o o o & < -
Car = t'naﬂmuwuqmumumsﬂaonunwm'naﬂm'imuﬂwu

NN 4 manaseudssintawuas
mitaadan i g (musan
uuziin) lumsnaugy Colletotrichum
spp. &unqlinuanunsnluauas
control captan g copper captan e g 21179 UM potato dextrose agar 71
oxychloride oxychloride qmv«qﬁﬁm 3 Tu; ) muvi'mf

Fumusdamitlastiuidadanms
LUUANTY (highly resistance) uas (1)

o . . o o o &
muwmfaauuaﬂamiﬂaonumam’na
benomyl carbendazim mancozeb benomyl carbendazim mancozeb

TIMSluuMd (sensitive)

: & a . = s X
M3 5 Ussininmueanszme 10 ussds lumsmuqu Colletotrichum spp. mwm‘Bﬂuauumﬂhau:mmumumvrmﬁmvna potato
dextrose agar

“* Percentage inhibition *

Concentratlon (%) 7

Carlaif . i Car’:
. Galangal Fingerr_og@ NG, Gin_ge_r_ 565 quangal lfingerrpqtﬂ;y s Gmger 5
0.1 32,69 15.27’ 19.72' 26.34" 4.91' 11.02*
0.3 40.93° 20.43' 28.82° 31.51° 12.65" 18.78'
0.5 4468 20.27' 33.58' 38.03' 15.10° 24.06"
1 46.78"> 25.33" 42.69* 40.88* . 20.16' 29.70°
3 48.63"° 47.79° 48.47° 52.20° 30.45° 40.50°
5 49.36" 54.83" 56.34° 61.91° 43,05 45.42°

*

o d s
AUDRLIMN 4 T

*x

-~ Ve ) I T N AT aad o a4 & a
BNEIANNRUINNUANVUANAWNUAH N TUDIIAYNNEDIANTZAUANTONK 95% wWisufioulasds LSD
s & o~ €. . o o o & a

Car = Wanmunuiseusedemitlasiuisadonaiuundy

R & o~ e o o o & < a
Car = maﬁmuwuqawmumsﬂa\mum'\mL-nai'm'muum'nu

Resistant isolate cars Sensitive isolate

Fingerroot

Galangal Galangal

Ginger

control  0.1% 0.3% 0.5% 1% 01% 0.3% 0.5% 1% 3% 5%

3 a a i o d o o 4 . $
AN 5 UszAnTnmsanszme 90 ua:wons:aum'\m'ﬁwumoq 1umsﬂmuqut'naﬂ Colletotrichum spp. mqusnuammSﬂIuau:mc

& ay o “ e ' o o o X a . &
UUBINIT potato dextrose agar YIQNV\I;IUV\E\I IWUSIR T W (D) muwuﬁ:mumuﬂamsﬂamumwmaﬁmﬁuum‘uu (highly resis-
« e, . [ ¢ a ~
tance) sz (2) muwufaauuaﬂamsﬂamumaﬂL'ﬁaﬂmfluumfnu (sensitive)



ENIWMIYTEBABININNBANER T UL SEnAlNg ATST

m
L MAIMGARANART AN INENAENT UATINENEENARG TUfl be-loa TR bEEl 165

Ujisswasgenlunga Cercospora deasaiiiundiianlya (@15iunaBa)
MNNTA 9 Twdoniadiaalna
Sensitivity of Cercosporoid Fungi to Benzimidazole (carbendazim)

from Various Plants in Chiang Mai
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s .
inaaga
-~ ! . - s . ar s o . VQ.:
nnMsugnUAAUTIUTNTaTIUNGN Cercospora 1N 21 a8t ludaniaduslni lénanua 21 le-
d v e o o o a & @ '
laan dadadwunlasandodnsuemasngwinouiiu 3 S éun Cercospora, Pseudocercospora uaz Passalora
° 3 & { v & < e o o & a o
Fmm 12, 5 uaz 4 lalaan awdeu danaseuanumumurasdisndemasnuidaire et fiuuanduiinay
v o o - 4
UUaINNI potato dextrose agar (PDA) aANULBNLTU 6 32@U 1, 5, 10, 50, 100 waz 500 pg/ml WULTaIN Cercospora
o o a a % « a o P - 3
sp. nuenlédnndnasa (Lactuca sativa) mumumaawms‘mum'uus:ﬂuga (highly resistance; 500 pg/ml) 3IMUIU 1
4 p g T

loloan vziiman Cercospora sp. NUWUNINNWNINTAY (Lantana camara) WRsLTa3I Passalora sp. WuNN

bt 5 " v ' a o o - 0 & v .
\RRAWINBU (Barferia lupulina) MuMu@aa s SIUnaNBuIzaud (weakly resistance; 5-10 pg/ml) &auiTaTi i
>, = o ° L o o @ e
dumuaImiluuandu (sensitive; 1 pg/ml) imau 18 lalman mnmsfinmansidimunsmihdayaluldiensA

. O a v ; . - o . - :

WATIRNRUTANUTUMUTBITaNAaMIATIUUATY B dunia B-tubulin gene sialy

L o a ! . z ¥ =
drdan: lialuae, Wanngu Cercospora, Wamumumsmiuwandy

Abstract

Cercospora, the cause of leaf spot disease, was isolated from 21 different plants in Chiang Mai. Twenty one
isolates of Cercosporoid fungi were identified as belonging to three genera; Cercospora (12 isolates), Pseudocerco-
spora (5 isolates), and Passalora (4 isolates) based on morphological characteristics. Carbendazim-sensitivity assays
were conducted by growing all isolates on potato dextrose agar (PDA) medium amended with carbendazim at 1, 5,
10, 50, 100, 500 pg/ml. The results indicated that one isolate of Cercospora sp. on lettuce (Lactuca sativa) was
highly resistant to the carbendazim fungicide (500 pg/ml). Two isolates, Cercospora sp. and Passalora sp. were
weakly resistan (5-10 pg/ml), and other 18 isolates were sensitive (1 pg/ml). Further analysis of the B—tubulin gene
region related to the fungicide resistance is needed in order to clarify this preliminary resulit.

Key words: leaf spots, Cercosporoid fungi, carbendazim resistance
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UNU world monograph 83 Chupp (1954) laTsawingan

Womlu genus Cercospora andunuluil 1863
lae Fresenius ':fﬂaril;lu Class Hyphomycetes (Braun,
1995) Lﬂut%aﬂmnmqfialuqﬂ ManuFswunUnT
tﬁwgﬁwmmﬁﬂadnon’homnﬁﬂan (Agrios, 2005)
FINANITNUADNANRATBILNHATNININNY wulunn
nliaymAUwATaNAEIWIUINN  (Crous  and  Braun,

. & g a X
2003) msuwsnszmumau'naﬂnqumwmunn'ﬂ 1“

genus Cercospora fidwaude 1,800 species Lfimﬁﬂm'i
sanansasnIdnazilasnuidalinlasmsdanuasia-
il (Franc et al., 2001) fuatinauwsnane lasiisuldaslu
nuuudlianlas  (benzimidazole) W wuluiia
(benomyt) aSuuandy (carbendazim) Wi lsaziuum
lou (thiabendazol) ifludu %anﬂumnﬂﬁﬂizmﬂg@%u

musndasnuidauazaiuqulinldsiad uazlanad
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winansznunawande  Yldisafiamadiunu  wie
" & . oy -
mmf]tymmwamamsﬂaanumwmaiﬂunquu wae

I [} J {
nmmﬂuﬂtymlmy‘luwuﬁm:ﬂgjn (Briere et al., 2001)
a % a &
wnznEansN NS namsidmaadoiniu

ﬁdNﬂl%Uﬁﬂﬁﬂ’]Wu’)ﬂﬁau ﬂ']"lN%ﬁ']ﬂMﬂ']UYI'N%’Jﬂ'IW

UBEAUMIWIDIAURARY BNNITIFINANIZNUABINHAINT

o v a a & Ya o
Alfia wazgunmueIuilan  nsdinunluasaiiseld

8 J ’ 1
smaaaummmumumammﬂunau Cercospora @@
mimimumwtwam'lﬂlmﬂumauawumu TNuszm-
nwnimnau Cercospora 1Js~nau'lﬂmunaunaauua

ummumuaamsmumwnuﬂﬂ‘nan'l'nnuag’luﬂaquu

aunsoiuazisnis
MMmaaaeh 1 msuuntta:tﬁusausvutfasm‘%zgng
WunuTumstvluRmwnesiefiiaaims
lu9a Cercospora nuaaan Taold hand lens a7799
fruiting bodies ummmuunt’na'lnmammmmm Choi
et al. (1999) im’-nuunmamaﬂﬁmu'znad Braun (1995)
*ma’muanummoammmnm%tm ansnizzlinves

stromata, conidiophores, conidial scar, conidia LR hi-
lum meldndassansyemi

vinlw

ManeaaIi 2 msasanuamnuaedsilosin
fsmdasmanflunmas
\WSueNIaENTa  potato dextrose agar
(PDA) nanfumstlasiwmaadasensiuuends finnnu
Mty 6 sxdu @9l 1, 5, 10, 50,100 uaz 500 pg/ml
(Banuuzmsld) 14 cork borer puIAIFUEUGUINANI 5
Nafuay GTﬂn’%nmmauTnTaﬁmaaL%aiwaﬂq 14 Sufidp
UMM PDA IMUWINANIIUUEMNS PDA Aiaums
miwumduiizduanudududn g nasssanaduiu
lasianua

¥ o a &
8 3 1 Dufinnaedgreansen

tiuvhguﬁnmﬂﬂhﬁmau‘gﬂﬂ Yazfiwesidudns
Wigdiule uszszauanuduMU aunanmslu do A
usz B eafl

A ﬂs:tﬁumdwmsm‘%tyL?\ufmﬂaotifaﬁuu
91%15 PDA finaadsaslunanda

1"@u§uphgu5na'm'[ﬂ‘[aﬁmaut%aﬁuumms
PDA fnsumitlesiuidmBarudazanududu v
fadpmaeTyreadeni ldunduslefidudms
tﬁnyuaot%amﬂ?umﬁuuﬁ‘u'qﬂmuqu (0 pg/mt)

= a A’ g A A .
wedidudnmasiyuenten = duadndwhaudnmalalafizanagoy x 100

(lﬁuUﬁU'Qﬂﬂ’JUQU)

dﬂtaarJtﬁumguﬁnaonﬂTaﬁ TANILAY

& o = -~ & v o o o &
mnuuu’uﬂﬂi‘mu@?msmsmm TN 16 tﬂ"’mmﬁuunu'mmmm R

+

e =

b =

»~

++4+ =

I.'ﬂa?"l'nliﬁmvlﬂ <10 % tlJE)lYIU‘!JﬂU'Bﬂﬂ’JUﬂU
l'ﬂai’lﬂﬁ]?m‘lﬂﬂduﬂ 10% ue laifia 35% mamuunummunu
l'ﬁi]?’\ﬂliﬁm‘lﬂﬂdllﬂ 35% u.ﬂ'lum 65% tualﬂﬂUﬂU'ﬂﬂﬂ’JUﬂ&l
l?li)?’lYlLil?ﬂJvlﬂﬂ\'lllﬂ 65% tlﬂvlllﬂ\) 90% lNﬂlﬂUUﬂU'ﬁﬂﬂ’)UﬂN
L'naﬂma‘sm'lmmtm 90% mu\ﬂmamuunnmmuau

B. dnszauanuammuaadsilasiumsaidanarfiunasuiin 4 seeu
A a J
T39AULRIIN Koenraadt et al. (1992) Uz Peres et al. (2004) (A7197 1)
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135190 1 vmnmm*vﬂumnm:ﬂum‘mmumumsﬂaonumwmaﬂmi‘mummu

Sensitive (S)

Weakly resistant (WR)

Moderately resistant (MR)

x x x x x
/ x x x x
/ x x x x
/ / x x x
{ / / x X
/ / / / x

Highly resistany (HR) /

L0 )]

* = ganuustimsly

HAaN13Ive
P & g é‘
AINAABIN 1 MTAUTIVIIN Wasuntdastas
‘lumiu Cercospora

o s o « o
MNMANUTIUTING88lURT 21 dretn N

~ d a & '
uamoenmﬂuqﬂmnﬂmm'ﬂaﬂlungu Cercospora WU

2INMIALVBINTRIANE
a a 4 o ¢ P oA . . o
vinalauinumia adinizlilngiin figdiadeg fu

snwmuzemilialuze e

ﬁ‘éﬁ'\maﬂum'zua:a"num:ﬂéwumc’{mm:u?nmﬂn
4 . v L
NRNUAZIALY  UNR  TIdeuTaumpvauiiealud
. & o . v & X
szuzmdainasznasiuansing blight) 16 nadt
o X e A e v
anwmzamIIUagiuriavesfiandodas  wuldns
% & . gE
suvuluuaszlely URzINMIUBNTI INANANINLA 21
A ° ar o v
laloan  (@v9n 2) waznbhandadwunlaslddnsome
(1995)

winidu 3 i ldun Cercospora, Pseudocercospora

NMIFUIIUINGIAATVEY  Braun CatUapla!

U8z Passalora INR Cercospora WURNMME conidio-

7
phores WRZLUULAEN

agnuilundu  (fasciculate)
(solitary) fifinanaseuuazvIoddy Truwanu (septate),
conidium 181§ (hyaline) waz hilum HEduaznm
Funainldfaau (mwit 1), 388 Pseudocercospora
WURNBMAS conidiophore HNNIIALTHITINUBLINUILUYK
(udia (synnematous) HEinenautiu fimkaru (septate),
conidium 1&laifi& (hyaline) waz hilum &anavinlely
o (Mwi 2), g

Passalora WURNBHMUE

InmyIadsiaanuatanuuiniuie

v
Ao

(synnematous) URMeIATY UWWINU (septate), co-

conidiophores

& d a M A a al el o
wannwiylaile vIawsy <10 % Wafiyuiuganugu

1R . e B x - ’
wennuwigy ldasud 10% auly dafouiuganugu

- aa : & aAd o s 3 13
nidium TEEENA uaz hilum HRduaznun Fanaiule
TALAU (NN 3)

AINARIN 2 MIATIVAMAAIWMUADETATT-LLY
ANDY

mnmsmaauﬂﬂuﬂ"'mn'mmaot%aﬂ'lumju
Cercospora ma 21 laloan  desimiiuuanduuu
9113 PDA i 6 TreuaMuidn wuandumums
1']aaﬁ'urhi'fm%aﬂm%’tuuﬂﬁm:ﬁuga (highly resistant;
500 pg/ml) 3uIu 1 lolaan Wwdan Cercospora sp.
Ausnldandnada (Lactuca sativa), Famdumuans
Pastumsadanasiuuandussaudr  (weakly resis-
tant 5-10 pg/ml) $wan 2 lalman Wwdas Cerco-
spora sp. uunmnumn%aa (Lantana camara) Lm:l.%aﬁ
Passalora sp. WONINNLRNAWINOW (Barleria lupulina)
dudanilishunmumstlastumiadanaiiuuen
G (sensitive; 1 pg/ml) H4mau 18 lalaan (nwdl 4,
a3 2)

a <
dayduazivansn
& v o A
nnnaugnienaunglialuze  ludmiados-
: . i . Rl
Iniannlufigdng  swnsowenienlundy ldnimuae
21 'lalaan wiisaaniiu 3 31w Aa Cercospora, Pseudo-
cercospora W8z Passalora 37Wu 12, 5 uas 4 lalaan
ey " .
AUEIAY ot N MARALANMUMIUMUTBUTIT daR13
iy e X a & (2
flasnuida@enansiuuamdy  WUBBTIAUMUES

o Y - A y .
i]aanumiml’ﬁaﬁmﬁuum‘ﬁuxﬂugd (highly resistant)
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A B c
A 1 ansmzanlialuyavesdingda (Lactuca sativa) Mifiaanidam Cercospora sp.; A: .Myuuly,
B: 8NWme conidiophores Vo157 Cercospora sp. (40X) sz C: AN®ME conidium 80387 Cercospora
sp. (40X)

-4 pm

4, o b o a &
NINN 2 anum:mmﬂsﬂluqﬂmmmv\mo (Nelumbo nucifera) MNAINMITBIN Pseudocercospora sp.; A: 8OM1IUU

- . 4 o ;o &
11J, B: anwmiz conidiophores 2841%871 Pseudocercospora sp. (40X) u8s C: 8aN®4e conidium 2adtTa31
Pseudocercospora sp. (40X)

A

- o 4 { a &
" 3 ansarenslialuyaveailesih (Bougainvillea hybrida) MAnIINBaT" Passalora sp.; A mmIuuly,

o < & o o &
B: 8aN®mus conidiophores 18311871 Passalora sp. (40X) uaz C: anwmz conidium UBITBI Passalora sp.
(40X)

s 1 lelman fhwBen Cercospora sp. fuenld  wunmaaaRInew (Barleria lupulina) Teseandaary
INANENA (Lactuca sativa) uaziBemdunmasilosiu IWIUTDI Imazaki et al. (2006) AinasBLLTETY Cerco-
- e Wenmiuumauiissdudn (weakly resistant)  spora kikuchii 3wawan 247 lelman wuillen
dwan 2 lalaan wden Cercospora sp. MULNIN dunuaaaiilunga Benzimidazole fiszéy 1600 pg/

& . - [ g =
WNINIB3 (Lantana camara) WR=\Te31 Passalora sp. ml $7u2u 154 lolaian PNMIANIATIRTINNIONN
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{ v & g & < ¥
AN 4 MINARBUANUAUNUBITET Cercospora spp. U#2IW1ILAEILTA potato dextrose agar NHFUFIINTI -

1l
a

WU GUN A UA MU NTUAN 9 tnfaunnineaduiian 14 Ju; HR = highly resistant, S = sensitive

o o o - & . '
AN 2 TAUANUTWMUAIATTIuuAFuvauTeTlungy Cercospora aunglinlugaluisd g

S vl A

Cco1 Cercospora Lactuca sativa var. longifolia cos lettuce PRHERD

- K

S
2 co2 Cercospora Coffea arabica coffee nuwn S
3 C03 Cercospora Eupatorium adenophorum catweed adnan S
4 Co4 Cercospora Vigna unguiculata cow pea finen S
5 C05 Cercospora Zinnia elegans zinnia LuTu S
6 C06 Cercospora Areca catechu betel nut AuN S
7 Cco7 Cercospora Coccinia grandis ivy gourd N9 S
8 Cc08 Cercospora Capsicum annuum chilli peper W?n%ﬂ’] S
9 C09 Cercospora Jatropha curcas physic nut millﬁ’l S
10 C10 Cercospora Lantana camara lantana HNNTBY WR
14 C11 Cercospora Lactuca sativa var. crispa green oak leaf HNRARA HR
12 C12 Cercospora Hydrangea macrophylla hydrangea 1wy S
13 C13 Pseudocercospora Datura alba jimson Weed flwarm S
14 C14 Pseudocercospora Nelumbo nucifera lotus 19%a79 S
15 C15 Pseudocercospora Nephrolepis cordifolia tuber sword fern Wu S
16 C16 Pseudocercospora Nymphaea stellata water lily 1A% S
A7 C17 Pseudocercospora Eucalyptus sp. eucalyptus gmﬁﬁ@fa S
18 C18 Passalora Bougainvillea hybrida paper flower Lﬁ 297 S
19 C19 Passalora Cassia agnes golden shower ﬁ'l'ﬂquﬁ S
20 C20 Passalora Barleria lupulina philippine violet LERANIND WR
21 c21 Passalora Arachis hypogaea gruondnut NROEY) S

* HR = highly resistance, WR = weakly resistance, S = sensitive
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ABSTRACT

Naturally-infected mango anthracnose disease caused by Colletotrichum
gloeosporioides were collected in Thailand. One hundred and fifty isolates were successfully
isolated from 17 mango cultivars; consisting of 46 isolates (30.67%) from leaves and 104
isolates (69.33%) from fruits. In preliminary studies conducted in vitro with potato dextrose
agar amended with carbendazim fungicide at various concentrations: 0.1, 1, 10, 100, 500 and
1,000 mg/1, the result showed that 113 isolates (75.33%) were HR; consisting 18 isolate
(12%) from leaves and 95 isolates (63.33%) from fruits. Thirty-seven isolates (24.67%) were
S; consisting 28 isolates (18.67%) from leaves and 9 isolates (6%) from fruits. The
differences in the carbendazim-resistant phenotypes were conspicuous in sequence analysis of
the partial second beta-tubulin (TUB2) gene. HR phenotype were revealed a single nucleotide
mutation, an adenine (A) to cytosine (C) transversion, resulting in a substation of codon 198,
which encodes glutamic acid (GAG) in S phenotype, was converted to a codon for alanine
(GCG). This indicates that careful management of carbendazim fungicides applications is
necessary to achieve effective control.

Keywords: B-tubulin gene, Colletotrichum gloeosporioides, Fungicide resistance, Mango anthracnose

INTRODUCTION

Mango (Mangifera indica L.) is one of economic fruit in the domestic and export
market of Thailand. The major export markets for fresh and processed mangoes are Hong
Kong, Malaysia, Singapore, Japan, Canada and USA etc. [1]. Many diseases can reduce the
quality and cause severe losses. Anthracnose caused by Colletotrichum gloeosporioides Penz.
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is the most devastating disease and major constraint in production and exportation [2]. In
order to control this disease, benzimidazole fungicides such as carbendazim, benomyl and
thiabendazole have been widely used to manage this disease because farmers believed that the
chemical fungicides are able to control plant diseases better than other methods [3]. In fact,
the chemical fungicides effectively suppressed and controlled a wide variety of plant diseases
at beginning; however, a consequence of a long term utilization of chemical fungicides,
particularly systemic fungicides, reduced the significant of fungicide effects to the disease
pathogens. Because the pathogens often become resistance to chemical fungicides and the
increase in number of these fungicide resistant isolates give the main problems for the farmers
[4-6]. The appearance of fungicide resistance has become an important factor in limiting the
efficacy and useful lifetime of important disease control strategies and therefore the cost
spending for the fungicides also increase because the farmers are forced to increase the
dosage of the chemical fungicide. The objectives of this study were to examine resistance of
C. gloeosporioides obtained from mango to the carbendazim fungicide using phenotypic

response and to sequence the partial second P -tubulin (TUB2) gene which has been reported
to be responsible for benzimidazole resistance [7-11].

MATERIALS AND METHODS

1. Isolation of Colletotrichum gloeosporioides causing mango anthracnose
Naturally-infected fruits and leaves of mango were collected from markets and

orchards in Thailand. Isolations were made by tissue transplanting technique. Sections tissues

were placed on potato dextrose agar (PDA) plates and incubated at room temperature. Those

plates were observed daily until the mycelium grows and subculture to the new PDA plates

for identification. Cultures were prepared by plating each isolate on PDA plate at room
temperature for 5-7 days productions of mycelial plugs.

2. Detection of carbendazim resistance by culture test

Screening resistibility of all C. gloeosporioides isolates to carbendazim fungicide were
tested using mycelial growth assays. Each isolates was cultured on PDA plates at room
temperature. Mycelial plugs, 5 mm diameter, was cut from the margins of colonies and
transferred onto carbendazim fungicide supplemented with PDA at the concentration of 0, 0.1,
1, 10, 100, 500 and 1,000 mg/l. Carbendazim was added to PDA after autoclaving. After
inoculation at room temperature, the diameter of each colony was measured and the
percentages of growth were calculated and data expressed as percentage of the control. The
phenotype-resistant levels evaluation was grouping into four representative phenotypes of
reactions as highly resistance (HR; > 500 mg/l), moderately resistance (MR; < 100 mg/l),
weakly resistance (WR; < 10 mg/l) and sensitive (S; < 1 mg/l).
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3. Detection of carbendazim resistance by molecular technique

Some isolates were extracted genomic DNA followed NucleoSpin® Plant Kit
(MACHEREY-NAGEL) was used as the protocol described by the company. Amplification
reactions in nested polymerase chain reaction (PCR); primary PCR using primer TB2L
(5°-GTT TCC AGA TCA CCC ACT CC-3’) and TB2R (5-TGA GCT CAG GAA CAC TGA
CG-3’), the 2nd PCR using primer CTB2F1 (5’-TCC AAG ATC CGT GAG G-3’) and
CTB2RI1 (5’-AAG AAG TGG ACG GG-3’). The sequence was determined using an automated
fluorescent DNA sequencer. The sequenced DNA fragments were aligned with CLUSTA W.

RESULTS
1. Isolation of Colletotrichum gloeosporioides causing mango anthracnose

One hundred and fifty isolates were successfully isolated, consisting of 46 isolates
(30.67%) from leaves and 104 (69.33%) isolates from fruits. The myceliums of colonies of
most isolates are white and grey. They form cylindrical conidia (4.2-5.1 x 15.4-20.6 um). These
morphology characteristics were identical with that of C. gloeosporioides referred by Sutton [12].

2. Detection of carbendazim resistance by culture test

The carbendazim sensitivity assays was conducted to each isolates on PDA amended
with carbendazim at various concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/l. The result
showed that 113 isolates (75.33%) were HR; consisting 18 isolate (12%) from leaves and 95
isolates (63.33%) from fruits. Thirty-seven isolates (24.67%) were S; consisting 28 isolates
(18.67%) from leaves and 9 isolates (6%) from fruits. None showed weakly resistance (WR)
and moderately resistance (MR) in this examination. '

3. Detection of carbendazim resistance by molecular technique

All the nucleotides and amino acid sequences of the TUB2 gene fragment from each
isolates were compared with wild type C. gloeosporioides f. sp. aeschynomene (accession No.
U14138) [10]. Alignment of the sequences revealed several nucleotides substitutions were
observed in the DNA sequences. In this study, there were both silent and missense mutation.
In missense mutation, the single nucleotide point mutation which resulted in deduced amino
acid altered was observed one point at target site of benzimidazole in TUB2 gene fragment,
with deduced amino acid at codon 198 of all HR phenotypes, an adenine (A) to cytosine (C)
transversion, resulting in a substation of glutamic acid by alanine which is closely associated
with conferring carbendazim-resistant phenotype (Figure 1).
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Phenotype Target site for benzimidazole 198
U14138 wild type C’ICTCCGTCC]F;CCA'JCTGG%;CGAGA{%CT(SZCGAPG%G'H%CTT‘PTGCA ‘TGACA.;}CG%GG%T
CAN_F125 S, C'{C I'(S'.‘CG CCALCAGCTGGTCGAGAACTCCG. EG 2C \,T;CTGCA ‘TGACAACGAGGCT
CAN_L080 S C'{CT%CG’I{'CCZ\CCPGC'ITJCCT\,uéGAPCT"“(:ACG%GF‘.%CTECTGCA ‘TGACAI[\}CGAGGCT
CAN_L105 S C'_EC T gCC’\J:CCﬁCCQGCECCTCGEGMCTCCGFBC ;":‘.;CT%“CTGCA ['TG. gCAAC(‘AGGgT
FL_FCO03 s C'E gCGTCCﬁCC GCTGGTCGAGAPCTSCGAF ;’“.”C?TCTGCA"'EG %(EAACGAGGCT ‘
FL LO79 S CTCTCCGTICCACCAGCTGGTCGAGAACTCCGAC “"‘.PCTTCTGQ} ‘EG '-\CAACGAGGCT
K_L120 g CiTC (2:CGTCCACf‘gGC'II“GG}l",CGAGAACTC"GgCG%GA%CTTCTGCK 'TG. ACAﬁCGAGGgT
KMK_ L1088 $ C{ (S?PGTCCﬁ"C GC'II“GGTCGEGAACTC"GA !",‘f’CTTCTGCA ['TG. gCAﬁCGéGGgT
KSW_L062 S C{CTECFTCCACC;QGCTGCTCPAGn.é\TTCCGA( a"'{;CTTCTGCATTG gCAﬁCGlEGGCT
MCN_LO059 S C'{CTECG'SC(}A AGCTGCT&.GIE('APC T C’"G’-\CG%GF{CCTTCTGCATTG RCAGCGAGG%T §
MCN_LO70 8 CECT(S:C':’\IICCl’{"”hGCT"CT\,oFL’A{-‘TT(SZ"'GSCG% '.CCTTCTGCA"TQ %CAACGAGGCT |
NDM_F006 8 C}I‘ CTgCGTCCF«CC AGCTGCTCGAGAPCT(S:CGAC GQ %CTTCTGCA“TG\CAACGAGG%T {
NDM_LOS57 S C{CTCCGTCCACC GC‘{GGTCGAGAACTCCGAC %CTTCTGCA ‘TG!\CI;\ACGAGGCT i
NDM_F118 S C'{CTC(‘GTCCP"" GC'{GCT GAGAACTIC"GIS .%CTTCTGCA ['TGACAACGAGGCT
NDM_LO68 s CECT%CGgFCZﬁ"" r‘C']‘:,C"T .AEGA:;*.CTCCGAC _%CT':‘FCT(CSCA ['TG !\CAACGAGGCT
NLR 1048 S C'{CT(SICG:I:CCACCAGCTGG'I;CGéGAﬁCTCCGA = CCTTCT{QCA PTG%CA{]\CGAGGCT
OR_L040 S C{CT"\.GT(‘CQCCAGCIGCTC AGAACT%CGSC&Z‘[;‘C\,T"‘CTGCA‘{TG ACP%SQAE;GCT
PBL_F102 S CECT%CGTCC{-{\CC GC']I_:GGT GAACT"CG%" CCTTCTGCATTG!? CA%’CGAGGCT
R_L0O87 g C{CTCCGTCCII;CC GC’II:.CCTCGAGAPCT(.OJRL GAGPCCT"‘CTGCATTG R"‘AISCG%GG%T
SLY_L017 & E‘}CI= TCCACCAGCTGCTCGRGARCTCCGAC “‘ACCTTCTGCA"TGRCAACGAGGCT
TLN_LO&0 S C'zCTESZCG';Il‘CCPCCgGCTGC TCCAGAACT%CL:%C BgGACCTTCTGFA’ kCAACGAGgg‘-"I‘
CAN_F095 HR C{CT&S’I G’\I; CACCAGCTGGT\_GAGAACTCLGAL ACCTTCTGC__ TT B AR
CAN F146 HR f‘TCTgC ECCA"C n;GC'{G(_TCJL’}‘,CP“’%C TCCGA 6‘ b.r«\CCT'ECTGCA [‘TG RCA{-\J.CGEGG%T
CKT_L044 HE 4 .'gx“ ”"/‘ ll:‘"" GCTGG (”;RPP n(‘. I ""G,g?.GgG'P.CCTE‘_CTGC:’-\ [‘TGRCAI-‘;CGAGGCT
FL_FC66 HR CgCTgCGgCCﬁ\. ,Q, C’{GCT" éGArC’I GSC <
K_F1C3 HK CTC CCGTCCA"CRGCTGCTCG&GA}’CT b“ab
“KMK F135 HR CToTecaICeRCe ARCTOC ' CATTGACARCEE
1 I '§ ¥ N A E‘ C D N E A
KMK_LO058 HR CIC Tg GTCCﬁCv. GC’{GCT’“"%G C'“g’"GACGgG:-C"T"‘CTGCA"TGACAACGAGGCT
MCN_L0O56 HR T CSI"‘GTCCA q""TCCTCqu'AJ“CT(SI\, GEC GCG?ACCTTCTGCA [TGACARCGAGGCT
NDM_FO002 HR CTCT g f’gCCAC\,.EGCTCCTCG AGAACTC”GA* GCG}*"CT'T‘CTGCA"TGACAACGAGGCT
NDM_FO012 HE CiCTkS.CGTCCﬁCCgGC’{CC;IICCECAJ;‘CT\.CGA(‘GCG.A" T"‘""I‘G"‘A ‘TGACAA(_IGAGGCT ~
NDM_FO014 HR C'{CTECGTCCA GCTGCT’"CAGAPCT%’"GN‘ ngAg"T'f‘CTGCA"TG}D\CAJI\\IACGFEGGCT
NDM_FO018 HR C{CT% G"I;CCAC\,. GCTCGTCGAGA};\;.CTSL.I.;%C TG '-\CAA(.ZGAGEK_I')
NDM_F026 HE CECTECGT}CCALC r~CTGG’!‘CGAGAI-\C‘l‘CCGAC 5 N S e '.A'T
NDM_FO027 HR CECT%CGTCCP GC'l'GC'1"\’.‘1,‘11\G1?5«}‘CTCCGRr~ 4 e RCA‘;}CGAGGET
NDM_FO038 HR C'{C.(S?CGTCCACC CC'{CCTCGACR{-‘CLC"L@C Ge-.C"T. "TGCA’{TG%C.P%\CGAGGCT
NDM_FO0€1 HR CET_C- (STCGTCCA AJC;CPT‘::A‘CPJ'\‘]CF:”LJ'\F GACCTTCT%CA"TG %CA.:SCGAGG%T
NDM_F106 HR C{ T(SZCGTCCI}}CC GC'{GGTCG%GA.;“._CTECG% AG&CCTTCTG@"TQ%?MCGAGGCT
NDM_F110 HR ECTPCCTPCACC L:C'{GCTC %GAQCT%CG%C GEG?\CCTTCTGCA T(i F%CGAGGCT
NDM_F116 HE C'{CTCCGTCCA GCTCCTCA%GA‘ECTECG.BCG%G:P_CCTTFC’TECA ['TG. RCAACG%GGC T
NDM_F130 HR I’l: TCCGTCCACCQGCTGGTCG b.GI-\P].C'I"(SZCGAC A‘uACCT"‘CTGCA TG, '\CAACGAGGC'T‘
HR CIT-‘CT Cl Gﬁ(ﬁ;PQ,TTCTGCA” TGACAACGAGGC T e
HR cTeTCEaTCeR ; bACCTTCNCMDﬁ‘R&Ang '
Bk L HR C{ TCCG'I;CCACC. GCTGC—’I;CAA GA,;\I.CT(SZCGB(‘ GCG(\CCT"CTGCA"TG%CAACGAGGC T
PBL_F033 HR CTCTCCGTCCACCHCPTGCT"" KGAACTCCG:’ZLGCGH'" TTCTGCATTGACRACGAGGCT
HR CTCTCCGTCCACC G(‘JEGGTCG %GAACTCSZCGRP T X C IGACA%\CG%GG%T
HR CTCTC GT (; GC{GG%CG%GAPCTC"GAC
33 HR CTCT(SZC SCACCAGCTGGTCGAGAACTCCGAC
:: ~“TLN_LO65 HR i CTCTCCGTCCACCXGCTGGTCGAGAACTCCGAC
: .o BUcletides —-—---—7 ----------------- * ------
“4<0 “Aminc acids R .

- Figure 1 Comparison of deduced nucleotide sequences and amino acids of C.
gloeosporioides f. sp. aeschynomene a second beta-tubulin (TUB2) gene [10] at the

target sites of benzimidazole [20] between carbendazim-resistant C. gloeosporioides
causing mango anthracnose; S = sensitive and HR = highly resistance.
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DISCUSSION

The carbendazim-resistant C. gloeosporioides from mango anthracnose disease were
developed naturally under conditions of continuously applied fungicide that resistance in
field. It showed that continuous application enhanced fungal pathogen development against
chemical fungicides as reported by many researchers [4, 5, 13-16].

Carbendazim fungicide act by inhibition of tubulin biosynthesis [11, 17]. Several
researchers have reported that fungicide-resistant mutations of almost all fungi are closely
associated with the single nucleotide mutation, and results in the mutation of amino acid as
well as the structure of fungicide binding point in the TUB2 genes [5, 18, 19]. In this study,
we were analysis of partial sequences of the TUB2 genes in all isolates that is responsible for
carbendazim resistance showed that the typical single nucleotide mutation converting codon
198 caused HR phenotypes. Only the amino acid mutation at residue 198 was closely
correlated with all HR phenotypes. The amino acid mutation of codon 198 in the TUB2 genes
has been identified in fungicide-resistant fungi such as Botrytis cinerea causing gray mold
disease of a number of crops in Israel [9] C. gloeosporioides causing postbloom fruit drop
disease of citrus in Sao Paulo, Brazil and Florida, United States [20] or causing anthracnose
disease of mango in south China [21], C. gloeosporioides f. sp. aeschynomene from northern
jointvetch [10], Venturia inaequalis causing scab disease of apple in Michigan and other plant
pathogenic fungi [8]. Besides, different mutation points such as codon 200 in C.
gloeosi;orioides [22], P. aurantiogriseum, Venturia inaequalis, V. pirina [8]. There were the
different codons in the TUB2 gene may result in different phenotype to chemical fungicide [8,
22, 23]. Therefore, we conclude that mutations in codon 198 of the TUB2 gene confer
resistance to carbendazim in C. gloeosporioides. However, the fungicide resistance may result
from single or multiple gene mutation. The appearance of fungicide resistance is a key factor
in limiting the efficacy and lifetime of important disease control strategies. This indicates that

careful management of chemical fungicides applications is necessary to achieve effective
control.
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ABSTRACT

A total 48 isolates of Cercospora lactucae-sativae from lettuce (Lactuca sativa L.) in
Chiang Mai Thailand were collected and analyzed for their sensitivity to carbendazim
fungicide. This study also aimed at analyzing possible mutation within , -tubulin gene
(TUBI) sequence in relation to the level of fungicide sensitivity. The Carbendazim sensitivity
assays were conducted by growing all isolates on potato dextrose agar (PDA) medium
amended with the Carbendazim at 1, 10, 50, 100, 500 and 1,000 pg/ml concentrations.
The B-tubulin gene (TUBI) sequences of 12 representative isolates were amplified by means
of polymerase chain reaction (PCR) using specific primers TUB2L and CER2R. The result
showed that all isolates were highly resistance (= 500 pg/ml) to the Carbendazim fungicide.
A single mutation at codon 198 was detected within all representative isolates of C. lactucae-
sativae. The amino acid glutamic acid (GAG) that usually present in sensitive isolates, had
been replaced by alanine (GCG) of highly resistant isolates. This report is the first finding of
the carbendazim-resistant in C. lactucae-sativae worldwide.

Keywords: B-tubulin gene, Fungicide resistance, Cercospora leaf spot, Lettuce

INTRODUCTION

Lettuce (Lactuca sativa L.) is the world’s most popular leafy salad vegetable [14]. It is
an important leafy vegetable mainly consumed fresh in salads and a good dietary source of
natural antioxidants [1]. Cercospora leaf spot of lettuce is caused by Cercospora lactucae-
sativae. This pathogen is found in many parts of the world. First reported in 1929, it is most



CMU-KU Symposium 2009 81

common in the tropics and subtropics [17]. The disease has been reported as being
economically significant in the Ivory Coast [15]. The disease is managed by a combination of
crop rotation, good drainage and the destruction of wild lettuce and other closely related hosts
near the lettuce crop. In certain areas, foliar fungicides may be justified for disease control
[8]. Carbendazim is a member of the benzimidazole group of fungicides. These fungicides
have been used extensively in disease management, but resistance to these fungicides has
become a major problem in many growing areas [3, 4, 9, 12, 16]. Resistance to benzimidazole
is due to a reduction of the binding affinity of the fungicide to B-tubulin [6]. The genetic
characterization of benzimidazole resistance in C. lactucae-sativae has not, in our knowledge,
been studied. The objectives of this study were to examine resistance of C. lactucae-sativae
isolates to the carbendazim fungicide using phenotypic response and to sequence the partial
P -tubulin gene (TUBI) which has been reported to be responsible for benzimidazole.

MATERIALS AND METHODS
1. Isolation of Cercospora lactucae-sativae

C. lactucae-sativae was collected and isolated from leaves lettuce (Lactuca sativa 125
in Chiang Mai Thailand by single spore isolation technique [5]. Fungal isolates were
maintained at 4 °C in potato dextrose agar (PDA) and stored at Department of Entomology
and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200 Thailand.

2. Carbendazim sensitivity assays

The carbendazim-sensitivity assays of all C. lactucae-sativae isolates were conducted
by growing all isolates on PDA medium amended with the carbendazim at 1, 10, 50, 100, 500
and 1,000 pg/ml concentrations, three replicates of each fungicide concentration for each
isolate. After 14 days of incubation at room temperature, the diameter of each colony was
measured and the percentages of growth were calculated and data expressed as percentage of
the control. Phenotype carbendazim resistibility was evaluated into four representative
phenotypes of reactions as highly resistant (=500 pg/ml), moderately resistant (< 100 pg/ml),
weakly resistant (<10 pg/ml) and sensitive (< 1 pg/ml).

3. DNA extraction and PCR amplification of 3-tubulin gene fragments

Twelve representative isolates of Carbendazim-resistant Cercospora lactucae-sativae
were extracted genomic DNA followed NucleoSpin® Plant Kit (MACHEREY-NAGEL).
DNA Amplification was performed by polymerase chain reaction (PCR); primary PCR using
primer TUB2L (5’-GTT TCC AGA TCA CCC ACT CC-3’) and CER2R (5-TGA GCT CTG
GAA CGG TGA CAG CAC-3), the 2™ PCR using primer CTB2F1 (5-TCC AAG ATC CGT
GAG G-3’) and CTB2R (5-AAG AAG TGG ACG GG-3’). PCR products were separated by
electrophoresis on 1% agarose gels. The BigDye® Terminator DNA Sequencing Kit was used
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for determining sequence of the 2°¢ PCR fragment. The sequence was determined using an

automated fluorescent DNA sequencer. The sequenced DNA fragments were aligned with
CLUSTAW.

RESULTS
1. Isolation of Cercospora lactucae-sativae

Forty-nine isolates of C. lactucae-sativae were successfully isolated from leaves
lettuce by single spore isolation technique.

2. Carbendazim sensitivity assays

The carbendazim sensitivity test was conducted to each isolate on PDA amended with
carbendazim at various concentrations at 1, 10, 50, 100, 500 and 1,000 pg/ml. The result
showed that all isolates were highly resistance (= 500 pg/ml) to the carbendazim fungicide.

3. Sequence analysis of B-tubulin gene fragments containing potential amino acid
substitution

‘The B-tubulin gene (TUBI) sequences of 12 representative isolates were amplified by
means of PCR using specific primers TUB2L and CER2R. In order to analyse the region
predicted condon 198. A single mutation at codon 198 was detected within all representative
isolates of highly resistant C. lactucae-sativae. The amino acid glutamic acid (GAG) that
usually present in sensitive isolates, had been replaced by alanine (GCG) of highly resistant
isolates compared with sequence of sensitive isolate (C-3, GenBank accession number
AY856373 [7]). Furthermore codon 196 and 199 was nucleotied from cytocine (C) to thymine
(T) but the change dose not affect the amino acid synthesis (Figure 1).
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Target site for benzimidazole [13]

Phenotype 9 X
AY856373!"! s TCCGACGAGACETTCTGT Glu
AY856374" HR TCCGACGEGACCTTCTGT Ala
CCR10 HR TCCGACGEGACTTTCTGT Ala
CCR20 HR TCIGACGEJACETTCTGT Ala
CL02 HR TCCGACGEGACTTTCTGT Ala
CLO7 HR TCCGACIGEGACTTTCTGT Ala
GL10 HR TCCGACGEEACTTTCTGT Ala
CL1§ HR TCCGACGEJACTTTCTGT Ala
CL16 HR TCCGACGEJACTTTCTIGT Ala
CL18 HR TCCGACGEGACTTTCTGT Ala
CL22 HR TCCGACGEFACTTTCTGT Ala
CL24 HR TCCGACGCGEACTTTCTGT Ala
CL28 HR TCCGACIGEGACTTTCTGT Ala
CLBA HR TCTGACGEGACETTCTGT Ala
Predicted Amino acid SerAspl X IThrPheCys

Figure 1 Sequence alignment of Cercospora lactucae-sativae pB-tubulin at predicted codon
196-201 compared with sequence of C. beticola. S = sensitive and HR = highly

resistant. All carbendazim-resistant isolates examined had the same single base pair
change [7, 13].

DISCUSSION

Only a single mutation in the B-tubulin gene was consistently found in all carbedazim-
resistant isolates compared with sensitive isolate. This mutation was observed at predicted
codon 198. Mutations at codon 198 in the B-tubulin gene of ascomycetes have been
demonstrated to confer resistance to benzimidazole group of fungicides [7]. This is one of the
codon most frequently reported to alter in field isolates of ascomycetes with benzimidazole
resistance [2, 10, 11]. Several different amino acid substitutions, including glycine, lysine,
alanine and valine have been reported at codon 198 in field isolates of various fungi [2, 11].
This finding allowed us to standardize a rapid and precise molecular diagnostic assay capable
of differentiating resistant from susceptible isolates of this pathogen and this indicates that

careful management of chemical fungicides applications is necessary to achieve effective
control.
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ABSTRACT

Collection of chilli cultivars (Capsicum spp.) infected by Colletotrichum spp.. One
hundred isolates of Colletotrichum spp. were successfully obtained, consisting 73 isolates of
Colletotrichum gloeosporioides and 27 isolates of C. capsici. The carbendazim sensitivity
assays showed that 43 isolates were highly resistance (HR; =500 mg/l) phenotype consist of
27 isolates of C. gloeosporioides and 16 isolates of C. capsici, 57 isolates were sensitive (S;
< Img/l) phenotype. Seven isolates HR phenotype were amplified by PCR technique at
partial p-tubulin (TUB2) gene and sequences nucleotide. The result showed that the PCR
amplification f-tubulin gene produced a fragment of 474 bp and homology f -tubulin (TUB2)
of Colletotrichum gloeosporioides f. sp. aeschynomene (accession No. U14138) about 93-
98%. All HR phenotype showed a mutation point with substitution of glutamic acid (GAG) to

alanine (GCG) at codon 198 but no mutation point of amino acid was found in the S
phenotype.

Keywords: p-tubulin, Colletotrichum spp., Fungicide resistance, Chilli anthracnose

INTRODUCTION

Anthracnose is one of the most important tropical diseases of chilli (Capsicum spp.)
worldwide, caused by Colletotrichum species. Anthracnose is also a main problem on mature
fruits which causing severe losses due to both pre- and post-harvest fruit decay. Two
significant causal pathogens found in Thailand are Colletotrichum capsici (Syd.) E.J. Butler &
Bisby and C. gloeosporioides Penz. & Sacc [5]. In an attempt to control the action of this
pathogenic fungi, farmers in Thailand usually use synthetic fungicides, mostly benzimidazole,
during the growth season. Benzimidazole fungicide has been used in agriculture for
approximately 30 years and showed great efficacy in controlling plant pathogenic fungi.
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However, numerous resistance cases of Colletotrichum species have been arised and reported

as consequences of the fungicides long term application by the farmers [4], including
Thailand.

MATERIALS AND METHODS

1. Collection and isolation of Colletotrichum spp. causing chilli anthracnose

Anthracnose were collepted from chilli’s plantation and market in Chiang Mai,
Thailand. The sample were isolated by single-spore isolation from infected fruits with
sporulation, spore masses were touched with sterilized loop and streaked on surface of potato
dextrose agar (PDA) plates and incubated overnight at room temperature. Spore germinated
was picked up with sterilized needle and transferred onto PDA.

2. Carbendazim sensitivity assay

Colletotrichum spp. were test on PDA amended with carbendazim concentration 0,
0.1, 1, 10, 100, 500 and 1,000 mg/1. Three replicate plates per treatment were incubated for 7
days at room temperature, the diameter of each colony was measured and the percentages of
growth were calculated and data expressed as percentage of the control. Phenotype
carbendazim resistibility was evaluated into 4 levels of reactions as highly resistance (HR; =

500 mg/1), moderately resistance (MR; <100 mg/1), weakly resistance (WR; <10 mg/l) and
sensitive (S; <1 mg/l).

~

3. Detection of f-tubulin gene by molecular technique

Some isolates of Colletotrichum spp. were extract genomic DNA followed protocol
described by NucleoSpin®Plant Kit (MACHEREY-NAGEL). DNA amplification was
performed by PCR; primers PCR were TUB2L (5’-GTT TCC AGA TCA CCC ACT CC-3’)
and TUB2R (5’-TGA GCT CAG GAA CAC TGA CG-3’), the 2™ PCR primer were CTB2F1
(5-TCC AAG ATC CGT GAG G-3’) and CTB2R (5’-AAG AAG TGG ACG GG-3’) [6]. The
sequence was determined using an automated fluorescent DNA sequencer. The sequenced
DNA fragments were aligned with CLUSTA W.

RESULTS
1. Collection and isolation of Colletotrichum spp. causing chilli anthracnose

One hundred isolates of Colletotrichum spp. were successfully isolated, consisting of
73 isolates from cylindrical conidia (9-24 X 3-4.5 um) and 27 isolates from falcate conidia (9-
14 X 6.5-11.5 pm). These morphology characteristics were identical with that of C.
gloeosporioides and C. capsici referred by Sutton [7].
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2. Carbendazim sensitivity assay

The preliminary test on the potato dextrose agar (PDA) medium amended with
carbendazim at 0.1, 10, 50, 100, 500 and 1,000 mg/l concentrations showed that 43 isolates
were highly resistance (=500 mg/1), consisting of 27 isolates of C. gloeosporioides and 16
isolates of C. capsici. Fifty-seven isolates were sensitive (< 1 mg/l).

3. Detection of p-tubulin gene by molecular technique

B-tubulin (TUB2) gene fragment of nine isolates of Colletotrichum spp. were
amplified by PCR techniquce. The result showed that the PCR amplification p-tubulin gene
produced a fragment of 474 bp and homology p-tubulin (TUB2) of Colletotrichum
gloeosporioides f. sp. aeschynomene (accession No. U14138) about 93-98%. All HR
phenotype showed a mutation point with substitution of glutamic acid (GAG) to alanine

(GCG) at codon 198 but no mutation point of amino acid was found in the S phenotype
(Figure 1)

Target site for benzimidazole [6] 198

v

TBU2 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATECI DNEALYDICM RTLKLSNPSY 60
CF30S 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CF5s HR 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CFI4HR 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CF23HR 1 MMATESVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CF43HR 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CF6OHR 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CFI3HR 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
CF86HR . 1 MMATFSVVPS PKVSDTVVEP YNATLSVHQL VENSDATFCI DNEALYDICM RTLKLSNPSY 60
TBU2 61 GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CF30S 61 GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CF5s HR 6! GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CFl4HR ©! GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
Ccr23pr 0! GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPEPR LHF 103
CE7ur 0! GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
Cra3pr 0! GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103

61 GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CF60HR 61 GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CFT3HR 6] GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103
CF86HR 61 GDLNHL VSAV MSGVTTCLRF PGQLNSDLRK LAVNMVPFPR LHF 103

Figure 1 Comparison of deduced nucleotide sequences and amino acids of
C. gloeosporioides f. sp. aeschynomene a second beta-tubulin gene [1]
at the target sites of benzimidazole [6] between carbendazim-resistant
Colletotrichum spp. causing chilli anthracnose. (S; sensitive and
HR; highly resistance)
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DISCUSSION

One hundred isolates of Colletotrichum spp. were detected from chilli anthracnose
disease, forty-three are classified as highly resistance (HR) isolates, and fifty-seven are
sensitive (S) isolates of carbendazim-resistant phenotype. HR phenotypes of Colletotrichum
spp. developed fungicide resistance because farmers continuously use systemic fungicides to
control the action of pathogenic fungi, as reported by many researchers [4]. In this study, we
analyzed partial sequences of the second p-tubulin genes in Colletotrichum spp. from chilli in
Thailand that is responsible for carbendazim resistance. All HR phenotype showed a mutation
point with substitution of glutamic acid (GAG) to alanine (GCG) at codon 198 but no
mutation point of amino acid was found in the S phenotype. The amino acid mutation of
codon 198 in the p-tubulin genes has been identified in fungicide-resistant fungi such as
Colletotrichum spp. causing anthracnose from various fruit crops in Japan [8], C. cereale
causing turfgrass anthracnose in California [9]. Venturia inaequalis causing scab disease of
apple in Michigan and other plant pathogenic fungi [3]. Therefore, we conclude that
mutations in codon 198 of the p-tubulin gene confer resistance to carbendazim in
Colletotrichum spp. The presence of fungicide resistance may result from single or multiple
gene mutation. This indicates that careful management of chemical fungicides in control and
to focus on alternative management tactics for this disease in chilli.
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Abstract

This study for evaluate the efficiency of culture medium from soil actinomyces against Colletotrichum
gloeosporioides causing chilli anthracnose disease. Six actinomyces isolated from Doi Suthep-Pui soil; SEA120-
04, SEA120-28, SEA120-38, SEA60-34, OMA60-01 and OMAG60-07, were cultivated on enzyme production
medium (EMP) 28 °C for 7 days. After that culture medium of each isolate was separated in 2 parts; non-culture
filtrate (NF) and culture filtrate (F), were tested against of C. gloeosporioides by using agar well method and EMP
as a control. The results showed a significant difference on inhibition activity between NF and F of all actinomyces.
Both NF and F of isolate OMA60-01 were found to inhibited mycelial growth at 56.39% and 51.87%, respectively.
Moreover, they could suppress spore germination of fungi. The NF and F of isolate OMA60-01 were tested for
prevention of anthracnose disease on chilli. The chillis were treated in NF and F for 1 and 3 min before inoculation
with spore suspensions of C. gloeosporioides showed biocontrol efficacy up to 80% as well as using commercial
Bacillus subtilis. The chitinase activity of culture filtrate was observed. The isolate OMAB0-01 showed the highest
chitinase activity (0.15 U/ml) and then the chitinase was concentrated by using ultrafiltration membrane. It found
that the inhibition activity of concentrated chitinase was not difference from culture filtrate (F).
Keywords: culture medium, anthracnose, chilli
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Efficiency of vinegar extracts from eucalyptus and neem trees for controlling

Colletotrichum gloeosporioides of mango cv. ‘Nam Dok Mai' causing anthracnose
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Abstract

Assays on the efficiency of vinegar extracts of eucalyptus and neem trees in controling Colletotrichum
gloeosporioides were carried out. The methods used in this study included isolation of the C. gloeosporioides from mango
cv. ‘Nam Dok Mai', sensitivity assays of the C. gloeosporioides to the carbendazim fungicide and inhibition activity assays
of vinegar extracts of eucalyptus and neem trees to the C. gloeosporioides. The results showed that from a total of 150 C.
gloeosporioides isolated from mango cv. ‘Nam Dok Mai’, 94 isolates (62.67%) were highly resistant (HR), 1 isolate (0.67%)
was moderately resistance (MR) and 37 isolates (24.67%) were sensitive (S) to the carbendazim fungicide. Three isolates,
one isolate from each phenotype, were selected in the inhibition activity assays of the vinegar extracts of eucalyptus and
neem trees to the C. gloeosporioides. Both vinegar extracts were screened for their inhibition activity against C.
gloeosporioides on agar plates by mixing the extracts with potato dextrose agar (PDA). In this experiment, both vinegar
extracts could completely inhibit the hyphal growth of C. gloeosporioides (100% efficiency) at 2% (vAv) concentration, and
showed inhibition activity to the conidial germination of C. gloeosporioides (100% efficiency) after 24 hour at 1% (viv)
concentration. The lower eucalyptus vinegar extract concentration could inhibit the hyphal growth and conidial germination
better than neem vinegar extract. The inhibition activity assays was also carried out by soaking mango fruits into eucalyptus
vinegar extract at 1, 2 and 3% (vA) concentration for 1, 3 and 5 min. The soaking mango fruits in 1% eucalyptus vinegar
extract for 1 min produced the highest inhibition activity on the anthracnose disease incident of the mango fruits. The
vinegar extract smell was faded away within a day. Using this combination, the mango fruits did not show any anthracnose
symptom up to 16 days incubation period while the control has shown the symptom over the mango. As for the skin and
taste were not differences from the mango before soaking. In conclusion, vinegar extract of eucalyptus wood has a
potential as an alternative agent for controlling anthracnose disease of mango fruits.
Keyword: vinegar extract, Colletotrichum gloeosporioides, mango
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Characterization of carbendazim-resistant Colletotrichum gloeosporioides causing mango anthracnose
' disease on fruits from fresh markets
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Abstract

Isolates of Colletotrichum gloeosporioides causing anthracnose disease were obtained from infected
mango fruits collected from fresh market in Chiang Mai. One hundred isolates were successfully isolated. The
carbendazim-resistant assay was conducted on potato dextrose agar amended with carbendazim at various
concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/l, respectively. These isolates were classified into four
representative phenotypes of reactions as highly resistant (HR; > 500 mg/l), moderately resistant (MR; < 100 mg/l),
weakly resistant (WR; < 10 mg/l) and sensitive (S; < 1 mg/l). The results showed that 95 isolates were HR, and 5
isolates were S phenotype. The differences in the carbendazim-resistant phenotypes were conspicuous in
sequence analysis of the partial second beta-tubulin (TUB2) gene. Amino acid sequence analysis in comparison
with wild type C. gloeosporioides f. sp. aeschynomene (accession no. U14138) was carried out HR phenotype
revealed a substation of codon 198, which encoded glutamic acid (E) in S phenotype, was converted to a codon
for alanine (A) which was closely associated with conferring carbendazim resistance of phenotypic mutation from
field.

Keywords: fungicide resistance, mango anthracnose disease, Colletotrichum gloeosporioides
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