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Postbloom fruit drop (PFD), caused by 
Colletotrichum acutatum J. H. Simmonds, 
is characterized by orange-brown lesions 
on petals of citrus flowers and results in 
the abscission of fruitlets (20,21). The 
pathogen is widely distributed in the hu-
mid tropics of the Americas and serious 
losses may occur in Florida (United States) 
and São Paulo (Brazil) when rains occur 
during the bloom period (13). Postharvest 
anthracnose is caused by C. gloeo-
sporioides and is a problem especially for 
fruit harvested early that must be de-

greened with ethylene. C. gloeosporioides 
also is a common saprophyte in citrus 
groves (22). 

Benomyl is one of the most effective 
fungicides for control of PFD and posthar-
vest anthracnose of citrus (14,18,23). 
However, C. acutatum isolates from citrus 
are inherently much less sensitive to beno-
myl in culture than other plant-pathogenic 
fungi (6,14,17). In contrast, most isolates 
of C. gloeosporioides are completely in-
hibited by benomyl at 1 µg/ml in culture. 
Benomyl has protective and eradicative 
activity against pathogens of various crops. 
In previous studies, we demonstrated that 
benomyl acted by inhibiting mycelial 
growth of C. acutatum in petal tissue and 
had postinfectional activity up to 48 h after 
inoculation, but did not kill conidia or 
prevent conidial germination (14). 

Benzimidazoles are specific inhibitors 
of microtubule assembly that act by bind-
ing to their heterodimeric subunit, the tu-
bulin molecule (5). Benzimidazole fungi-
cides have a very specific mode of action; 
therefore, the development of benomyl 
resistance is a major concern in disease 
management (9). Benomyl has been used 
in agriculture for approximately 30 years 
and numerous cases of resistance have 
been reported, including Colletotrichum 
spp. on various crops as well as other fun-

gal pathogens of citrus (8,25,26) and other 
crops (9,10,15,27). 

Sequence analysis of the β-tubulin gene 
of benomyl-resistant fungi revealed that 
resistance almost always is due to a muta-
tion of a single nucleotide that results in a 
single amino acid change at codons 198 or 
200. Amino acid substitutions at these two 
codon positions result in different beno-
myl-resistance phenotypes (1,27). For 
example, with Venturia inaequalis, mu-
tants with substitutions at position 198, 
from glutamic acid to lysine, glycine, or 
alanine, have high or very high level of 
resistance, and mutants with a substitution 
of phenylalanine by tyrosine in position 
200 have moderate levels of benomyl re-
sistance (10). 

Problems with control of PFD never 
have been documented despite the fact that 
many fungi have developed resistance to 
benomyl and there has been widespread 
use of benomyl on citrus, including in 
Brazil and the United States. Mixtures of 
benomyl with contact fungicides such as 
ferbam, folpet, or mancozeb currently are 
recommended (19) to manage resistance, 
but many growers apply benomyl alone. 
The objectives of this research were to (i) 
compare the activity of benomyl for C. 
acutatum and C. gloeosporioides in vitro, 
(ii) survey groves in São Paulo and Florida 
to determine the effect of benomyl usage 
on the sensitivity of fungal isolates, and 
(iii) determine whether typical resistance 
sequences of the β-tubulin gene occur in 
C. acutatum.  

MATERIALS AND METHODS 
Isolate collection and culture. Isolates 

of C. acutatum were obtained from in-
fected petals of sweet orange and those of 
C. gloeosporioides from dead twigs and 
leaves in Florida and São Paulo. An addi-
tional isolate of C. gloeosporioides was 
obtained from blueberry in Florida. Isola-
tions were made by cutting small sections 
from the leading edges of flower lesions or 
from asymptomatic leaf tissues, wetting 
the sections briefly (30 s) in 95% ethanol, 
surface disinfesting in 1% NaOCl (1 min), 
and rinsing in sterile distilled water. Sec-
tions were placed on potato-dextrose agar 
(PDA) and incubated at 24°C with a 12-h 
photoperiod. All isolates were allowed to 
colonize sterile filter papers and main-
tained as dried cultures in sealed plastic 
containers with CaSO4 desiccant at –20°C 
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as previously described (12). Cultures 
were grown routinely on PDA at 24°C for 
production of mycelial plugs and conidia. 

Benomyl sensitivity assays. The critical 
discriminatory concentrations of benomyl 
for C. acutatum, sensitive C. gloeo-
sporioides, and resistant C. gloeo-
sporioides were determined in a pre-
liminary experiment using three isolates of 
each collected in Florida. Cultures of C. 
acutatum (isolates CS-1, Maran, and 
Mayo), C. gloeosporioides sensitive (iso-
lates GND-1, TH-4, and Dil-Ark-1), and 
C. gloeosporioides laboratory-selected 
resistant (isolates GND-1 [R], TH-4 [R], 
and Dil-Ark-1 [R]) were grown on PDA 
for 1 week, and 0.5-cm-diameter mycelial 
plugs were cut from the margins of the 
colony with a cork borer. Plugs were trans-
ferred to three plates each of PDA 
amended with benomyl (Benlate 50 WP; 
DuPont, Wilmington, DE) at 0, 0.1, 1, 10, 
100, or 1,000 µg a.i./ml. Plates were incu-
bated for 1 week at 24°C under a 12-h 
photoperiod. The radius of the colony was 
measured and the area calculated and data 
expressed as percentage of the control. 

The effect of benomyl concentrations on 
conidial germination was determined for 
isolates IM-2, GL-Pike, and SGR-FTP-1 
of C. acutatum. Conidia of each isolate 
were harvested from PDA cultures in ster-
ile distilled water and the conidial suspen-
sion was adjusted to a final concentration 
of 5 × 102 conidia/ml. A volume of 100 µl 
was spread on the surface of three replicate 
plates with PDA containing benomyl at 0, 
0.1, and 1 µg a.i./ml. Plates were incubated 
at 24°C for 3 days with a 12-h photope-
riod. The number and size of colonies that 
developed were measured and data ex-
pressed as percentage of control. The ex-
periment was conducted four times in a 
similar manner, but colony area was meas-
ured in only three of the experiments. An-
other experiment was conducted once with 
the same isolates with benomyl at 0, 0.1, 1, 
10, 100, and 1,000 µg a.i./ml. 

Sensitivity of isolates from citrus 
groves with different histories of beno-
myl use. Twenty isolates of C. acutatum 
were collected from each of 17 groves of 
sweet orange (Citrus sinensis (L.) Osbeck) 
in São Paulo and Florida that had received 
four different frequencies of benomyl us-
age. The groves used were planted to the 
following cultivars: Pera (FZR-PRD, FSH-
MGG, SLG-MGG, CIA-BTU, and CIT-
CA-ITP), Natal (SFL-MGG and CTP-
ITP), Valencia (FSH-CLB, VTP-IND, 
CLR-IMK, RCO-IMK, MRN-IND, ALB-
IND, and STF-FTP) or Navel orange 
(SRL-FTP, SGR-FTP, and OCO-ARC). In 
“high-use” groves, benomyl was applied 
every year, often 2 to 3 times per year; in 
“moderate-use” groves, benomyl was ap-
plied in most years, but usually not more 
than once per year; in “low-use” groves, 
benomyl was sprayed from one to three 
times during the last 5 years; and “no-use” 
groves had no known applications of the 
fungicide. To the extent possible, each 
isolate was collected from a different tree 
in the grove. In addition, 20 isolates of 
Colletotrichum gloeosporioides were re-
covered from asymptomatic leaves from 
seven of the groves studied. Cultures of C. 
acutatum and C. gloeosporioides were 
grown on PDA for 1 week and 0.5-cm-
diameter mycelial plugs were cut from the 
margins of the colony. Plugs of each iso-
late were transferred to the center of three 
petri dishes each of PDA containing beno-
myl at 0, 0.1, and 1.0 µg a.i./ml. Cultures 
were incubated for 1 week at 24°C with a 
12-h photoperiod. The sensitivity assay for 
each isolate was conducted twice. Colony 
radius was measured, and the area calcu-
lated and expressed as a percentage of the 
control. The effects of benomyl usage, 
country, grove, assay, and the interaction 
of all factors were determined by analysis 
of variance using the GLM procedure in 
SAS (SAS Institute, Cary, NC). The mean 
square was divided by the appropriate 
error term in each case and type III sum of 

square values were used to calculate F 
values. 

Partial sequencing of the β-tubulin 
gene. Fungal culture and DNA extraction. 
Twelve isolates were selected to represent 
different benomyl resistance phenotypes. 
These included (i) four isolates of C. acu-
tatum moderately resistant to benomyl, (ii) 
three isolates of C. gloeosporioides highly 
sensitive to benomyl, (iii) two isolates of 
C. gloeosporioides field-resistant to beno-
myl, and (iv) three laboratory-selected 
resistant isolates of C. gloeosporioides. 
For selection of resistant isolates of C. 
gloeosporioides, a volume of 100 µl of a 
conidial suspension of 50 conidia/ml was 
spread on the surface of PDA amended 
with benomyl at 1 µg a.i./ml. Conidia were 
incubated at 24°C for 3 days and the colo-
nies that developed were selected. For 
production of mycelium, isolates were 
grown for 4 days in potato dextrose broth 
on a rotary shaker and the mycelium was 
collected and lyophilized as previously 
described (12). Genomic DNA was ex-
tracted from 50 µg of lyophilized myce-
lium (12). DNA concentrations were esti-
mated visually in 0.7% ethidium bromide-
stained agarose gels by comparing band 
intensity with know quantities of lambda 
DNA/HindIII markers (Promega Corp., 
Madison, WI). 

Primer design and PCR amplification. 
Primers TB2L (5′-GYTTCCAGATYACC- 
CACTCC-3′) and TB2R (5′-TGAGCT- 
CAGGAACRCTGACG-3′) were designed 
using Primer3 software to amplify a por-
tion of the β-tubulin gene where benomyl-
resistance mutations in field-collected 
isolates usually occur (10,27). Primer 
TB2L was designed to prime at nucleotide 
positions 1,133 to 1,152 and primer TB2R 
was designed to prime at nucleotide posi-
tions 1,606 to 1,625, both relative to a β-
tubulin sequence of C. gloeosporioides f. 
sp. aeschynomene (GenBank accession 
U14138). Amplification of partial β-tubu-
lin sequences was carried out in a total 
reaction volume of 25 µl. Polymerase 
chain reaction (PCR) reaction mixtures 
contained 10 ng of DNA, 2.5 ml of 1× 
PCR buffer (Promega Corp.), 2.0 mM 
MgCl2 (Promega Corp.), 200 µM dNTPs 
(Idaho Technologies, Idaho Falls, ID), 0.3 
µM each primer (Operon Technologies, 
Alameda, CA), and 1 unit of Taq poly-
merase (Promega Corp.). All PCR reac-
tions were carried out in an Omn-E ther-
mal cycler (Hybaid, Ashford, Middlesex, 
UK) with a hold of 2 min at 95°C, fol-
lowed by 40 cycles of 1 min at 95°C, 1 
min at 55°C, and 1 min at 72°C, and a final 
extension for 5 min at 72°C. PCR products 
were separated by electrophoresis on 1% 
agarose gels (Life Technologies, Grand 
Island, NY) with 100-bp ladder (Promega 
Corp.) as a size standard. 

DNA sequencing. Amplicons corre-
sponded to nucleotide positions 1,141 to 
1,619 of the β-tubulin sequence of C. 
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Fig. 1. Effect of benomyl at different concentrations on the colony area of three isolates of Colleto-
trichum spp. in culture (R = resistant).  
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gloeosporioides f. sp. aeschynomene (Gen-
Bank accession U14138). Amplicons were 
purified through QiaQuick PCR purifica-
tion columns (Qiagen, Valencia, CA) ac-
cording to the manufacturer’s instructions. 
Purified PCR products were direct-se-
quenced on both strands using cycle se-
quencing with TB2R and TB2L primers. 
Each sequence reaction contained 40 to 90 
ng of DNA, 3.2 mM primer, 4 µl BigDye 
Terminator (Applied Biosystems, Foster 
City, CA), and sterile distilled water in 10-
µl total volumes. Reactions were per-
formed in an Omn E-thermal cycler (Hy-
baid) and cycling conditions consisted of 
25 cycles of 15 s at 96°C, 15 s at 50°C, 
and 4 min at 60°C. Sequences were read in 
a PE Biosystems Model 377 Automated 
DNA Sequencer (Applera Corporation, 
Norwalk, CT). All sequencing was per-
formed in the Laboratory for Biotechnol-
ogy and Bioanalysis, School of Molecular 
Biosciences, Washington State University.  

RESULTS 
Fungicide-sensitive assays. Colony 

area of C. acutatum isolates was reduced 
to about 25% of the control at 0.1 µg/ml 
and to about 15% of the control at 1 µg/ml, 
but higher concentrations of the fungicide 
concentration did not further reduce 
growth (Fig. 1). In contrast, the colony 
area of benomyl-sensitive C. gloeo-
sporioides isolates was reduced to about 
8% of the control at 0.1 µg/ml and growth 
was completely inhibited at higher concen-
trations. Benomyl-resistant C. gloeo-
sporioides isolates were unaffected by 
concentrations lower than 10 µg/ml and 
growth was about 20 and 10% of the con-
trol at 100 and 1,000 µg/ml, respectively. 

Analyses of variance demonstrated that 
conidial germination was significantly 
lower at the lower concentration (Table 1). 
Some variation was observed among ex-
periments, but conidial germination was 
higher at the higher fungicide concentra-
tions in all experiments with all isolates. In 
contrast to conidial germination, radial 
growth of mycelium did not differ signifi-

cantly between the two concentrations 
evaluated (Table 1). There were no signifi-
cant differences among isolates with re-
gard to conidial germination or radial 
growth. In another experiment, germina-
tion of conidia at the lowest concentration 
of 0.1 µg/ml was similar to germination at 
higher concentrations up to 1,000 µg/ml 
(Fig. 2). The highest percentage of germi-
nation was recorded at the intermediary 
concentration of 10 µg/ml. The effect of 
benomyl on colony area from germinated 
spores (Fig. 2) was similar to the effect 
observed on the colony area from mycelial 
plugs (Fig. 1) (i.e., despite the fact that the 
fungicide reduced colony area to 20% of 
the control at 1.0 µg/ml, higher concentra-
tions did not completely inhibit growth). 

Sensitivity of isolates from citrus 
groves with different histories of beno-
myl use. Isolates of C. acutatum from 
groves with different histories of benomyl 
use showed similar levels of benomyl sen-
sitivity (Table 2). The mean colony area 
across all isolates was reduced to approxi-
mately 42% of the control at 0.1 µg/ml and 
to about 20% of the control at 1.0 µg/ml 
(Table 2). Benomyl usage history was not 
a significant factor in the analysis at either 
0.1 or 1.0 µg/ml (Table 3). Country was a 

significant factor at 1.0 µg/ml but not at 0.1 
µg/ml. The mean relative colony growth at 
1.0 µg/ml was 22.4% for Brazil and 19.8% 
for Florida. There was no significant inter-
action between benomyl usage and country 
at either fungicide concentration. Grove 
was not a significant factor at either con-
centration, and assay was not significant at 
0.1 µg/ml, but was marginally significant 
at 1.0 µg/ml (Table 3). There was a highly 
significant interaction of grove and assay, 
probably because assays were conducted 
in different locations. However, differ-
ences between assays were small. The 
average growth was 20.3 and 21.9% of 
the control for the first and second assay, 
respectively, at 0.1 µg/ml. At 1.0 µg/ml, 
the average for the first assay was 43.3% 
and for the second assay was 44.0 % of 
the control. There was no significant in-
teraction between assay and benomyl 
usage or country and the three-way inter-
action was not significant at either 0.1 or 
1.0 µg/ml (Table 3). 

No highly resistant or highly sensitive 
isolate was detected among the 340 C. 
acutatum isolates evaluated in this study. 
The analysis of variance indicated that 
individual isolates of C. acutatum within 
grove varied significantly in response to 
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Fig. 2. Effect of different concentrations of benomyl on the germination and growth of conidia of 
Colletotrichum acutatum. 

Table 1. Effect of benomyl on the germination of conidia and colony size of Colletotrichum acutatum isolates from citrus 

 Germination (% of control) Colony area (% of control) 

 Experiment  Experiment  

Conc., isolatea 1 2 3 4 Meanb 1 2 3 4 Meanb 

0.1 µg/ml           
IM-2 3 24 17 14 14.5 11 NDc 5 27 14.3 
GL- Pike 15 23 4 7 11.9 23 ND 1 7 10.2 
SGR-FTP-1 15 29 23 19 21.5 37 ND 3 22 20.7 

 … … … … 16.0* … … … … 15.0 NS 
1.0 µg/ml           
IM-2 52 45 49 23 42.4 21 ND 6 13 13.3 
GL- Pike 49 102 77 35 65.8 49 ND 2 5 18.8 
SGR-FTP-1 56 42 54 28 45.0 32 ND 5 12 16.0 

 … … … … 51.0 … … … … 16.0 

a Conc. = benomyl concentration. 
b There were no significant differences among isolates within concentrations. NS = no significant differences between concentrations and * = significant 

differences between concentrations based on a t test at α = 0.05.  
c ND = not determined. 
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benomyl for grove SRL-FTP (P = 0.0023) 
and for grove SLG-MGG (P = 0.0093), but 
the range of variability was small (Fig. 3). 
In contrast, individual isolates of C. gloeo-
sporioides within grove varied signifi-
cantly in response to benomyl at both con-
centrations (P < 0.0001), with complete 
inhibition of all but a few isolates. 

Partial sequencing of the β-tubulin 
gene. Amplification of a portion of the β-
tubulin gene with primers TB2R and TB2L 
produced amplicons of 457 bp for all 
tested isolates. Alignment of the sequences 
revealed 21 polymorphic nucleotide sites 
separating C. acutatum and C. gloeo-
sporioides species (data not shown). Three 
isolates of C. gloeosporioides resistant to 
benomyl contained a single mutation, an 
A-to-C transition at nucleotide 1,331, re-
sulting in a substitution of glutamic acid 
by alanine at amino acid 198 (Table 4). No 
substitutions were observed in any of the 
isolates at codon 200.  

DISCUSSION 
C. acutatum and C. gloeosporioides dif-

fered greatly in their sensitivity to beno-
myl. Most isolates of C. gloeosporioides 
were highly sensitive, but resistance ap-
pears to develop very rapidly to this patho-
gen. In this study, we recovered several 
isolates of C. gloeosporioides that had 
high levels of resistance, even though we 
sampled fewer isolates of C. gloeo-
sporioides than of C. acutatum. Resistant 
isolates of C. gloeosporioides even were 
recovered from groves where benomyl was 
not known to be used. Koenraadt and Jones 
(10) collected some benomyl-resistant 
field strains of V. inaequalis in an orchard 
more than 10 years after benomyl had been 
discontinued. In contrast, all the isolates of 
C. acutatum we tested were only moder-
ately resistant to benomyl and ≥1.0 µg/ml 
reduced colony area by about 80%. We 
found no isolates of C. acutatum that were 
as resistant or as sensitive as isolates of C. 

gloeosporioides. Moderately sensitive 
isolates of C. acutatum apparently must be 
controlled well by benomyl because this 
fungicide has been quite effective in field 
tests and usually outperforms all other 
products (13,24). Goes and Kimati (7) 
reported 40 to 85% inhibition of mycelial 
growth in isolates of C. acutatum at beno-
myl concentrations from 1 to 2,500 µg/ml 
and they considered the fungus insensitive 
to the fungicide. The same authors found 
no differences in mycelial growth among 
three isolates of C. acutatum from groves 
with different histories of benomyl usage. 
In a similar study, 86% of isolates of My-
cosphaerella fijiensis from banana planta-
tions where benomyl was used for ap-
proximately 10 years to control Black 
Sigatoka were resistant to benomyl. No 
resistance was detected in isolates col-
lected from plantations with no history of 
benomyl use (16). 

Mutations conferring high levels of be-
nomyl resistance appear to be very rare or 
nonexistent in C. acutatum populations. 
Control failures attributable to resistance 
never have been reported with C. acu-
tatum, despite widespread use of the prod-
uct throughout the Americas. In our sur-
veys in São Paulo and Florida, there was 
no correlation between sensitivity and 
history of benomyl usage. Benomyl does 
not inhibit spore germination nor is it ef-
fective in reducing conidia production; 
apparently, it acts primarily by slowing 
mycelial growth before or after infection 
(14). In aqueous solution, benomyl is con-
verted to methyl benzimidazole carbamate 
(MBC) and butyl isocyanate. However, in 
practical conditions, benomyl is almost 
insoluble in water and a considerable part 
of the fungicide remains on the surface of 
the plant and converts gradually to MBC 
(15). We suspect that the greater toxicity at 
the lower concentration of 0.1 µg/ml than 
at higher concentrations on conidia germi-
nation may be related to the uptake of 
MBC into the germinating conidia. It is 
possible that uptake is greater in more 
dilute solution than in more concentrated 
solutions. 

We did not find an amino acid substitu-
tion in the β-tubulin gene region of isolates 
of C. acutatum that usually confers low to 
high levels of resistance in other species of 

Table 3. Influence of different sources of variation on the relative growth of isolates of Colletotrichum acutatum from citrus groves with different histories 
of benomyl usage in São Paulo, Brazil and Florida, United States 

  Benomyl at 0.1 µg/ml Benomyl at 1.0 µg/ml 

Source of variation df MS Error F P MS Error F P 

Benomyl usage (B) 3 348.0 506.9 0.69 0.5826 16.2 71.9 0.23 0.8763 
Country (C) 1 134.6 507.4 0.27 0.6189 980.7 72.0 13.63 0.0050 
B × C 3 566.7 507.5 1.12 0.3925 114.5 72.0 1.59 0.2590 
Grove  9 505.3 712.7 0.71 0.6916 72.0 67.0 1.07 0.4583 
Assay 1 48.1 714.6 0.07 0.8011 383.5 67.0 5.73 0.0403 
Grove × assay 9 712.7 72.7 9.80 <0.0001 67.0 8.8 7.63 <0.0001 
Assay × B 3 377.2 715.1 0.53 0.6744 161.8 67.0 2.42 0.1336 
Assay × C 1 301.0 715.7 0.42 0.5329 179.6 67.0 2.68 0.1360 
Assay × B × C 3 26.5 715.9 0.04 0.9898 10.4 67.0 0.16 0.9238 

Table 2. Effect of benomyl on the in vitro growth of isolates of Colletotrichum acutatum from citrus 
groves with different histories of usage of benomyl  

   Colony area (% of control)a 

Usageb Isolate Locationc 0.1 1.0 

None FZR-PRD-(1 to 20) Pardinho, SP, Brazil 41.5 21.2 
 FSH-CLB-(1 to 20) Colômbia, SP, Brazil 45.7 23.4 
 VTP-IND-(1 to 20) Indiantown, FL, USA 39.9 17.7 
 SRL-FTP-(1 to 20) Frostproof, FL, USA  44.8 19.9 
Mean … … 43.0 20.5 

Low CIA-BTU-(1 to 20) Botucatu, SP, Brazil 43.5 23.8 
 FSH-MGG-(1 to 20) Mogi Guaçu, SP, Brazil 39.3 22.3 
 CLR-IMK-(1 to 20) Immokalee, FL, USA 42.9 19.6 
 RCO-IMK-(1 to 20) Immokalee, FL, USA 47.5 20.4 
 MRN-IND-(1 to 20) Indiantown, FL, USA 39.4 18.7 
 ALB-IND-(1 to 20) Indiantown, FL, USA 37.9 18.4 
Mean … … 41.7 21.2 

Moderate CIT-ITP-(1 to 20) Itapetininga, SP, Brazil 38.8 19.5 
 SFL-MGG-(1 to 20) Mogi Guaçu, SP, Brazil 39.4 21.2 
 CIT-CA-ITP-(1-20) Itapetininga, SP, Brazil 45.4 23.4 
 SGR-FTP-(1 to 20) Frostproof, FL, USA 48.2 21.6 
Mean … … 44.6 21.5 

High SLG-MGG-(1 to 20) Mogi Guaçu, SP, Brazil 46.6 22.8 
 OCO-ARC-(1 to 20) Arcadia, FL, USA 45.3 19.2 
 STF-FTP-(1 to 20) Frostproof, FL, USA 43.0 20.2 
Mean … … 45.4 21.3 

CV (%) … … 19.9 14.3 

a Values are means of two assays; benomyl concentration at 0.1 or 1.0 µg/ml. 
b Benomyl usage. High: benomyl applied every year, often 2 to 3 times per year. Moderate: benomyl

applied in most years, but usually not more than once per year. Low: benomyl sprayed from one to 
three times during the last 5 years. None: no known applications of the fungicide. CV = coefficient
of variance. 

c City, state, country. 
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pathogenic fungi. Previous studies have 
demonstrated that C. graminicola and C. 
gloeosporioides f. sp. aeschynomene have 
two β-tubulin genes, TUB1 and TUB2. 
Comparison with the amino acid se-
quences indicated that TUB2 had a high 
degree of homology to other fungal β-
tubulins (2,3,11). Mutations that confer 
benomyl resistance have been identified in 
TUB2 homologs from several fungi, in-
cluding C. gloeosporioides f. sp. aes-
chynomene (3). Three phenotypes were 
identified among benomyl-resistant strains 
of Botrytis cinerea correlated with single 
pair mutations at codons 198 and 200. 
These mutations were similar to those 
identified in benomyl-resistant field strains 
of other phytopathogenic fungi (27). 
Among isolates of Tapesia yallundae and 
T. acuformis, seven phenotypes were iden-
tified that were related to benzimidazole 
sensitivity. All resistant isolates had a mu-
tation at codon 198, 200, or 240 of the β-
tubulin gene fragment and the different 
phenotypes for resistance were correlated 
with particular amino acid substitutions 
(1). Laboratory-induced, benomyl-resistant 
strains of V. inaequalis showed mutations 
on seven different codons compared with 
the naturally resistant strains. However, 
those mutations might interfere with fit-
ness, which is evidenced by their low per-
sistence in field populations (10). Simi-
larly, two of the laboratory resistant iso-
lates of C. gloeosporioides sequenced did 
not have the amino acid point mutation in 
the region that usually confers resistance to 
benomyl in naturally occurring mutants. 

Northern hybridizations showed TUB2 
expression in ungerminated conidia, co-
nidiating mycelia, and vegetative mycelia 

of C. gloeosporioides f. sp. aeschynomene 
(2). However, transcripts of the divergent 
β-tubulin gene, TUB1, were detected in 
conidiating mycelia but not ungerminated 
conidia or vegetative mycelia. Expression 
of the TUB1 gene in C. gloeosporioides f. 
sp. aeschynomene and C. graminicola 
showed fundamental differences between 
those two species and it could be interest-
ing to investigate this gene in C. acutatum. 

The manufacture and distribution of be-
nomyl has been discontinued recently. 
However, other benzimidazole fungicides, 
such as carbendazim and thiophanate 
methyl, are registered for use on citrus in 
many areas (4,19). These products also 
break down to MBC; therefore, C. acu-
tatum should respond to them in the same 
manner as to benomyl. Despite the rela-
tively low sensitivity of C. acutatum to the 
product, benomyl continues to provide 

good control of postbloom fruit drop. The 
risk of development of resistance seems 
minimal because we were unable to select 
or recover highly resistant isolates. The 
basis for the low sensitivity of C. acutatum 
to benomyl remains unclear, but is not 
associated with the region of the β-tubulin 
gene responsible for high or moderate 
resistance in C. gloeosporioides and other 
fungi. Only a portion of the β-tubulin was 
sequenced; therefore, it might be possible 
that a mutation is present in a different 
portion of the gene that was not sequenced 
or C. acutatum contains a divergent β-
tubulin gene.  
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Fig. 3. The range of sensitivity of mycelial growth of individual isolates of A and C, Colletotrichum acutatum and B and D, C. gloeosporioides within two 
groves: A and B, SRL-FTP (benomyl never used) and C and D, SLG-MGG (high use of benomyl) on medium amended with benomyl at 1.0 µg a.i./ml.  

Table 4. Point mutations and deduced amino acid substitutions in the partial sequence of the β-tubulin 
gene of isolates of Colletotrichum spp. with different phenotypic responses to benomyl 

    Amino acid in position 

Isolate Species Host Responsea 198 200 

Maran C. acutatum Citrus MR Glu Phe 
CS-1 C. acutatum Citrus MR Glu Phe 
GND-2 C. acutatum Citrus MR Glu Phe 
OCO-ARC-1 C. acutatum Citrus MR Glu Phe 
GLB-3 (S) C. gloeosporioides Citrus S Glu Phe 
TH-4 (S) C. gloeosporioides Citrus S Glu Phe 
DIL-ARK-2 (S) C. gloeosporioides Citrus S Glu Phe 
GLB-3 (R) C. gloeosporioides Citrus LSR Glu Phe 
TH-4 (R) C. gloeosporioides Citrus LSR Glu Phe 
DIL-ARK-2 (R) C. gloeosporioides Citrus LSR Ala Phe 
MIN-ER3-MIA C. gloeosporioides Citrus NR Ala Phe 
Blueb-1 C. gloeosporioides Blueberry NR Ala Phe 

a Phenotic response: MR = moderate resistance to benomyl (growth inhibited more than 50% at 1.0
µg/ml); S = sensitive; LSR = laboratory selected resistant; NR = naturally resistant. 
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