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This study is aimed to characterize Colletotrichum spp., the causal agents of
anthracnose diseases on fruits, by analyzing the resistance of this fungus to
carbendazim fungicide. Characterization of the pathogens was carried out by
examining morphology characteristics, testing by the fungal growth on potato
dextrose agar (PDA) amended with fungicides and plant extracts, and analyzing a
partial sequence of beta-tubulin gene related to carbendazim resistance. One hundred
and forty-seven Colletotrichum spp. were successfully isolated from 6 different plants
which collected in Chiang Mai. Twenty-one isolates (one isolate from Malus
sylvestrys Mill., 4 isolates from Musa sapientum L., 4 isolates from Psidium guajava
L., 4 isolates from Mangifera indica L., 4 isolates from Carica papaya L., and 4
isolates from Citrus spp.) were examined morphologically using several
characteristics such as characters of colony, characteristics of conidium and
appressorium, presence/absence of seta and sclerotium. Based on the morphological
characteristic observation, the isolates of Colletotrichum spp. were classified into
three groups. Group 1, the colony was white, with green and grey aerial mycelium,
conidium cylindrical, with clavate appressorium, and sometimes produced seta and
sclerotium. Group 2, colony was grey with orange exudates, cylindrical conidium,
appressorium irregular, seta absent but produced sclerotium. Group 3, colony was
grey with orange exudates, conidium fusiform, with clavate appressorium, seta and
sclerotium absent. The fungi were identified as Colletotrichum gloeosporioides,
C. musae, and C. acutatum, respectively.

The carbendazim tolerance of the isolates was determined by examining their
mycelium growth on PDA amended with carbendazim at various concentrations: 0.1,
1, 10, 100, 500, and 1,000 ppm (v/v). The fungal tolerance was categorized into 4
levels: highly resistance (HR), moderately resistance (MR), weakly resistance (WR)
and sensitive (S; wild type). Seventy isolates of Colletotrichum spp., viz 1 isolate
from M. sylvestrys, 1 isolate from M. sapientum, 5 isolates from P. guajava, 26
isolates from M. indica, 4 isolates from C. papaya, and 32 isolates from Citrus spp.
were showed highly resistance to the fungicide. None showed moderately resistance
(MR) and weakly resistance (WR) in this experiment.
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Colonial characteristics of carbendazim resistance isolates growth on PDA amended
with carbendazim at 500 ppm is similar with the colony that growth on PDA without
carbendazim. However, several resistant isolates showed slightly abnormal colony formation
with reduction of growth rate, presence of rugged colonies, and produced red-brown pigment
before the colony growing. Microscopic observation of mycelium and conidium formation of
both sensitive and highly resistance isolates showed similar characteristics. The addition of
carbendazim even with the concentration of 500 ppm did not preveni conidial
germination for the resistance isolates.

Another five fungicides (captan, carboxin, copper oxychloride, mancozeb and
benomyl) with a final concentration of its standard field application rate were assessed
for their ability to control Colletotrichum spp. The mycelium growth of all isolates
was completely inhibited by mancozeb. Carboxin, captan and benomyl, also showed
some inhibition, respectively. Copper oxychloride caused abnormality on colony
formation to all isolates tested. The abnormality to copper oxychloride was presented
as a loss of white-rough-cottony mycelium formation in the colony. Among the tested
fungicides, mancozeb completely inhibited conidium germination of Colletotrichum
spp. by using the inner surface cell layer of onion scales method in this experiment.
Carboxin and captan showed strong inhibition to the spore germination amongst all
tested isolates. There were no significant differences (P>0.05) observed between the
inhibitory effect of these fungicides to the conidium germination. Carbendazim
showed a weak effect to suppress conidium germination but a potential to inhibit
mycelium growth. Copper oxychloride did not prohibit conidium germination, but was
able to suppress conidium germination and appressorium formation. In several cases
of conidium germination, abnormalities showed by the formation of branching germ
tube.

Extracts of three plants (Boesenbergia pandurat Holtt., Alpinia galangal
Swartz., and Zingiber officinale Rose.) were also tested for their ability to inhibit the
growth of Colletotrichum spp. The experiment was carried out on PDA amended with
6 concentrations of plant extracts as follows: 0.1, 0.3, 0.5, 1, 3 and 5% (w/v). Extracts
from Boesenbergia pandurat at 5% (w/v) concentration showed strong inhibition to the
mycelium growth rate of wild type isolates of Colletotrichum spp. isolated from
P. guagjava, M, indica, and C. papaya. Extracts from Alpinia galanga at 5% (wiv)
concentration was able to control wild type isolates of Colletotrichum spp. from Citrus spp.
as well as isolates from M. sylvestrys, P. guajava, and C. papaya which showed highly
resistance to carbendazim. Extracts of Zingiber afficinale at 5% (w/v) concentration reduced
the radial growth of Colletotrichum spp. isolated from M. indica and C. papaya which were
highly resistance to carbendazime, and also suppressed the growth of both wild type and
carbendazim high resistance Colletotrichum spp. isolated from M. sapientum.

Sixteen isolates of Colletotrichum spp. which were highly resistant to
carbendazim were extracted, amplified, and sequenced at portion of the beta-tubulin
gene using TB2R and TB2L primers. All sequences generated from analysis produced
amplicons of 474 bp length. Sixteen phenotypes were identified among highly
resistant strains of Colletotrichum spp. which were correlated with a single mutation of
amino acid, a substitution of glutamic acid (GAG) by alanine (GCG) at codon 198.





