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Distribution and Fungicide Sensitivity of Fungal Pathogens  
Causing Anthracnose-like Lesions on Tomatoes Grown in Ohio 

Laura J. Gutierrez Chapin, Ying Wang, Elizabeth Lutton, and Brian B. McSpadden Gardener, Department of 
Plant Pathology, The Ohio State University, Ohio Agricultural Research and Development Center, Wooster 44691 

Anthracnose is a major disease in a vari-
ety of crops including grains, fruits, vege-
tables, and ornamentals. The pathogens 
causing anthracnose are species of the 
genus Colletotrichum (10). Colletotrichum 
species can have multiple hosts, and like-
wise, hosts can be infected by various 
species (13). Disease can occur both 
above- and belowground and cause pre- 
and postharvest disease symptoms. These 
pathogens can cause serious economic 
losses, especially when fruit are infected, 
where up to 50% crop loss may occur (28). 

Every year in Ohio, marketable yield of 
both processing and fresh-market tomatoes 
is reduced due to fruit rot. Anthracnose is 
thought to be the primary disease; how-
ever, there are several other tomato fruit rot 
diseases (19,25). Fungal fruit rots cause 

economic loss through the rejection of 
tomato shipments due to spore count past 
threshold at tomato processing plants, or 
the rejection of tomatoes by buyers and/or 
consumers due to visible lesions. C. coc-
codes can cause disease on green or red 
fruit under favorable conditions (9). The 
pathogen can cause latent infection, in that 
green fruit can be infected but asympto-
matic with lesion development not occur-
ring until fruit reach maturity or the plant 
begins to senesce (6,17). The symptoms on 
red fruit are dark, sunken, circular lesions. 
As the disease progresses, black dots may 
be visible on the inner portion of the le-
sion. Additionally, orange ooze containing 
spores may exude from the lesion under 
high humidity. 

Without proper management of anthrac-
nose fruit rot, there can be up to 70% yield 
loss (6). Even in years when environmental 
conditions are favorable and chemical 
spray programs are followed accordingly, 
incidence of fruit rot can be up to 5 to 15% 
(5,11). Azoxystrobin, chlorothalonil, fixed 
copper, and mancozeb are the fungicides 
most commonly used to control anthrac-
nose fruit rot in Ohio (24). On average in 

Ohio, there are 2.9, 4.4, 12.2, and 12.9 
applications of azoxystrobin, chlorothalo-
nil, fixed copper, and mancozeb per year, 
averaging 1.4, 38.9, 50.1, and 60.9 total 
pounds of active ingredient per year, re-
spectively. Such large numbers of applica-
tions may lead to fungicide resistance 
(26,29). However, no reports have been 
made of fungicide resistance in C. coc-
codes. 

The objectives of this research were to 
identify pathogens causing symptoms re-
sembling anthracnose fruit rot in Ohio 
tomato fields and to investigate the effec-
tiveness of fungicides commonly used in 
tomato production against the isolated 
fungi using wounded and unwounded to-
mato fruit and in vitro inhibition assays 
with amended media. 

MATERIALS AND METHODS 
Isolate collection and maintenance. 

Sixteen fields in the following seven coun-
ties of Ohio were chosen for sampling of 
fruit with symptoms of anthracnose fruit 
rot during the summer 2002 field season: 
Fulton, Geauga, Huron, Meigs, Portage, 
Sandusky, and Wayne. The Fulton, San-
dusky, and Wayne county fields were con-
ventional processing tomato fields. The 
fields of Huron, Geauga, and Meigs coun-
ties were conventionally produced fresh-
market tomato fields, and the Portage field 
was an organic fresh-market tomato field. 
In 2003, seven fields in five counties were 
sampled: Geauga, Meigs, Sandusky, 
Wayne, and Wood. Organic fresh-market 
tomato fields were located in Geauga, 
Meigs, and Sandusky counties. Conven-
tionally produced fresh-market fields were 
located in Geauga and Meigs counties. 
Processing tomatoes under organic transi-
tion were sampled from a field in Wayne 
County. Conventionally produced process-
ing tomatoes were sampled from fields in 
Sandusky and Wood counties. 

Fruit were surface-sterilized in 10% 
bleach for approximately 5 min. The fruit 
then were rinsed three times in sterile dis-
tilled water (dH2O). Using aseptic tech-
nique, a section of the lesion’s leading 
edge was cut and removed from the fruit. 
The sample was plated on antibiotic-
amended V8 juice agar (26% V8 juice, 
calcium carbonate at 2.7 g/liter, and agar at 
14 g/liter, amended with 0.1 g/liter each of 
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chloramphenicol and streptomycin to in-
hibit bacterial growth). Petri dishes were 
sealed with Parafilm and incubated at 
room temperature (20 to 22°C) in the dark 
for a maximum of 4 days. Hyphal tips 
from fungal colonies were cut and trans-
ferred to fresh medium. Mycelia of pure 
isolates were stocked in 17% glycerol in  
–80°C freezer for long-term storage. 

DNA extraction and restriction frag-
ment length polymorphism (RFLP) 
analysis. DNA was isolated from fungal 
mycelia grown on V8 juice agar using the 
UltraClean Soil DNA Kit (Mo Bio Labora-
tories Inc., Solana Beach, CA) according 
to the manufacturer’s instructions. The 
internal transcribed spacer (ITS)-1 and 
ITS-2 regions of approximately 50 ng of 
genomic DNA were amplified with univer-
sal primers ITS-4 (TCCTCCGCTTATT-
GATATGC) and ITS-5 (GGAAGTAAA-
AGTCGTAACAAGG). Amplifications 
were carried out in 25-µl reaction mixtures 
containing 2.5 µl of DNA template, 1× Taq 
DNA polymerase buffer (Promega, Madi-
son, WI), 1.8 mM MgCl2 (Promega), 200 
µM each of dGTP, dATP, dCTP, and dTTP 
(Invitrogen, Carlsbad, CA), 50 pmol of 
each primer, and 1.5 units of Taq DNA 
polymerase (Promega). Amplifications 
were performed in a thermal cycler (PTC-
200 DNA Engine, MJ Research, Waltham, 
MA) with the following conditions: 5 min 
at 95°C, 31 cycles of 1 min at 94°C, 45 s at 
52°C, and 2 min at 70°C, and then an 8-
min final extension at 70°C, followed by 
5°C soak and –20°C storage. Polymerase 
chain reaction (PCR) products (6 µl) were 
separated by gel electrophoresis in 1.5% 
agarose gel in 0.5× Tris-borate-EDTA 
(TBE) at 125 V for 2.5 h. Gels were 
stained in dilute ethidium bromide (1 
mg/liter), visualized under UV light, pho-
tographed using the Kodak 1D LE 3.5 
software (Kodak, New Haven, CT), and 
stored as jpg files with the Kodak DC290 
digital imaging software (Kodak, Roches-
ter, NY). 

For RFLP analyses, 9 µl of a PCR prod-
uct was digested in a total volume of 15 µl 
of NEBuffer 2 with 10 units of RsaI or 
MspI (New England BioLabs, Beverly, 
MA). Reactions were incubated for 3 h at 
37°C and stored at –20°C. Products were 
separated on 2% agarose gels in 0.5× TBE 
for 3 h at 125 V. Gels were stained and 
images were taken as described above. 
Banding patterns were scored by compari-
son to a 100-bp DNA ladder (New England 
BioLabs). 

Sequence analysis. ITS sequences were 
obtained from a subset of isolates repre-
senting each distinct ITS RFLP pattern in 
the collection. PCR products generated 
from ITS4/ITS5 primer set were purified 
using the QIAquick PCR Purification Kit 
(Qiagen Inc., Valencia, CA) according to 
the manufacturer’s instructions. Purified 
PCR fragments were ligated into the 
pGemT-easy plasmid cloning vector at 4°C 

overnight. Ligated DNA was transformed 
into competent cells (JM109). Trans-
formed colonies were selected on Luria-
Bertani (LB) media amended with 80 
µg/ml Xgal (5-bromo-4-chloro-3-indolyl-
β-D-galactoside), 0.5 mM IPTG (isopro-
pyl-β-D-thiogalactopyranoside), and 100 
µg/ml ampicillin. Selected transformants 
were checked for full-length insertions by 
PCR as described above. All clones were 
sequenced in the forward direction by the 
use of the T7 forward primer. Genomic 
DNA was amplified with primers Sp6 
(TACGATTTAGGTGACACTATAG) and 
T7 (GTAATACGACTCACTATA). Ampli-
fications were carried out in 25-µl reaction 
mixtures containing 1 µl of whole cell 
template, 1× Taq DNA polymerase buffer 
(Promega), 3.0 mM MgCl2, 200 µM each 
of dGTP, dATP, dCTP, and dTTP, 50 pmol 
of each primer, and 1.5 units Taq DNA 
polymerase. Amplifications were per-
formed in a thermal cycler with the follow-
ing cycling conditions: 9 min at 94°C, 35 
cycles of 1 min at 94°C, 45 s at 56°C, and 
2 min at 72°C, and then a 7-min final ex-
tension at 72°C, followed by a 5°C soak 
and –20°C storage. Samples were sent for 
sequencing to the Molecular and Cellular 
Imaging Center (Wooster, OH). PCR 
fragments were identified by comparing 
the unknown ITS-1 and ITS-2 sequences 
with known sequences in the NCBI Gen-
Bank database using BLASTN software 
(2). 

Pathogenicity. Isolates were selected 
based on genotype and location where 
collected. Pathogenicity of the fungal iso-
lates was initially determined using a 
modified form of the assay described by 
Batson and Roy (4). An agar plug contain-
ing mycelia was taken from each recovered 
isolate and placed in the middle of a full-
strength potato dextrose agar (PDA) plate 
and incubated at room temperature for 5 
days. Sterile, cut broom straw (approxi-
mately 1 mm diameter, 5 mm long) was 
placed on the culture plate and was incu-
bated at room temperature for 7 days. 
Conventional tomato fruit were obtained 
from a local grocery produce department. 
The fruit were washed in soapy water and 
surface-sterilized in 10% bleach for 5 min 
followed by a triple rinse in sterile distilled 
water and dried with sterile paper towels. 
Fruit were placed on a wire rack in a plas-
tic bin, stem side down. An infested broom 
straw was inserted into a fruit’s upper 
hemisphere. Noninfested sterile broom 
straw was used as a negative control. The 
point of inoculation was covered with 
Parafilm. Warm sterile water (500 ml) was 
added to the bottom of each bin, and the 
lids were closed tightly to maintain high 
relative humidity. The temperature in the 
plastic bins was approximately 28°C. The 
lesion diameter was recorded after 3 and 7 
days. Isolates included in the puncture-
initiated pathogenicity tests were the fol-
lowing: Colletotrichum isolates Ge 2, Wy 

8, Ft 26, and Sa 24; Alternaria isolates Mg 
23, Po 2, Hu 17, and Ft 16; Fusarium iso-
lates Ge 1, Hu 1, Mg 1, Hu 10, and Ft 25; 
and Phomopsis isolates Mg 7, Mg 11, and 
Po 1. This experiment was conducted three 
times with five replicates for each isolate. 

Pathogenicity was also determined for 
select isolates by treating tomato fruit at-
tached to plants grown in a greenhouse 
with spore suspensions without wounding 
the fruit (8). Alternaria isolate Po 2 was 
grown on potato sucrose agar under fluo-
rescent light for 4 h followed by dark in-
cubation at room temperature. A Fusarium 
isolate, Ft 25, was grown under continuous 
fluorescent light at room temperature on 
PDA. After 10 days incubation, culture 
plates were flooded with sterile distilled 
water and the suspension was filtered 
through two layers of cheesecloth to re-
move debris. Conidia concentration was 
measured using a hemacytometer and was 
diluted to 4 × 105 conidia per ml using 
sterile distilled water. Cherry tomato plants 
were placed in a mist chamber set to mist 
for 15-s intervals every 105 s for a total of 
22 h under continuous light, after which 
they were moved to a greenhouse bench. 
The average air temperature in the mist 
chamber was 22°C, and the duration of 
leaf wetness was 22.5 h. Fruits were la-
beled with a permanent marker, and the 
point of inoculation was surrounded with 
petroleum jelly to prevent the spore sus-
pension from rolling off the fruit surface. 
Ten microliters of the conidial suspension 
was dispensed onto the fruit. Control fruits 
were inoculated with 10 µl of sterile dis-
tilled water. Each isolate was tested on 
three fruit on each of three plants. Plants 
were watered twice a day and grown under 
natural light during late September to early 
October. Lesion diameter and lesion de-
scription were evaluated after 3 weeks. 
This experiment was conducted twice. 

Evaluation of fungicide sensitivity in 
vitro. The capacities of different fungi-
cides to inhibit fungal growth were deter-
mined using amended media. The fungi-
cides used were mancozeb (Dithane F-45, 
Dow AgroSciences, Indianapolis, IN), 
chlorothalonil (Bravo Ultrex, Syngenta, 
Wilmington, DE), copper hydroxide (Ko-
cide 2000, Griffin, Valdosta, GA), and 
azoxystrobin (Quadris, Syngenta). Man-
cozeb-, chlorothalonil-, and fixed copper–
amended media contained 20 mg of fungi-
cide product per liter of medium, 60 
mg/liter, and 180 mg/liter. Azoxystrobin-
amended media contained 3.3 µl of prod-
uct per liter, 9.9 µl/liter, and 29.7 µl/liter of 
medium. The rates tested were chosen to 
represent a range of concentrations that 
could be expected to occur on tomato fruit. 
The concentrations chosen assumed that 
each petri plate represented a single tomato 
fruit, there are 5.0 × 105 tomato fruits per 
acre, the fruit received 20% of the total 
amount of sprayed product on a per-area 
basis, and the amount of product present in 
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the top 0.5 mm of the agar was equivalent 
to that adhering to the fruit surface follow-
ing a chemical spray application. The in 
vitro test also assumes that mycelial 
growth from a transferred agar block is 
inhibited in a manner akin to which germi-
nation and infection are inhibited. Using 
these model assumptions and parameters, 
the rates tested corresponded to approxi-
mately 1/3×, 1×, and 3× the labeled field 
application rates of 2.5 kg/ha for Dithane, 
Bravo, and Kocide, and 410 ml/ha for 
Quadris. As a control, nonamended V8 
juice medium was prepared. 

Small agar cubes containing mycelia 
were transferred to a series of media plates 
that included one plate for each of the four 
fungicides at all four concentrations, i.e., 
0, 1/3×, 1×, and 3×. The plates were sealed 
with Parafilm and incubated at room tem-
perature until the control plate without 
fungicide was 80 to 90% covered with 
fungal growth. At that point, four radial 
growth measurements were taken from the 
edge of the agar cube to the leading edge 
of mycelia growth for each plate in the 
series. Each isolate was replicated four 
times. Percent growth inhibition in re-
sponse to each fungicide at varying con-
centrations was calculated with the control 
plate as a reference such that percent inhi-
bition is [1 – (growth of the experimen-
tal/growth of the control)]*100. This ex-
periment was conducted twice. 

Evaluation of fungicide sensitivity in 
situ. Two isolates each of Colletotrichum, 
Alternaria, and Fusarium were tested with 
a range of azoxystrobin and chlorothalonil 
concentrations on excised tomato fruit. 
Fivefold dilution series, 0, 1/125, 1/25, 1/5, 

1, and 5 times the recommended labeled 
concentration of azoxystrobin and 
chlorothalonil, were prepared using dH2O. 
Broom straws infested with each isolate 
were individually submerged in a fungi-
cide treatment and then poke-inoculated 
into excised ripe tomato fruit as described 
above. The point of inoculation was cov-
ered with Parafilm and the fruit were 
placed on wire racks in covered plastic 
bins. Warm water was added to the bottom 
of each tub, below the wire racks, daily for 
2 days to maintain a high level of relative 
humidity. Lids of the bins were opened for 
approximately 5 min daily to allow air 
circulation. Lesion diameter was measured 
3 days after inoculation. This experiment 
was conducted twice with each isolate 
replicated four times. 

Statistical analyses. Statistical analyses 
for data from all assays were conducted 
using Prism 3.0 (GraphPad Software, San 
Diego, CA). Statistical comparisons were 
made using nonparametric analysis of 
variance, i.e., the Kruskal-Wallis test fol-
lowed by Dunn’s multiple comparisons 
test. Data from experiments conducted 
twice were compared statistically prior to 
pooling the data. For all comparisons, 
significance was evaluated at P ≤ 0.05. 

RESULTS 
Collection and identification of iso-

lates. A total of 187 fungal isolates were 
collected from symptomatic tomato fruit in 
2002 and 2003. The ITS region of each 
isolate was amplified with ITS-4 and ITS-
5 primers. The RFLP analysis resulted in 
six distinguishable banding patterns (Fig. 
1). RFLP analyses with RsaI failed to re-

solve any additional genotypic variation. 
Of these, strains displaying genotype pat-
tern A were most prevalent, representing 
73% of the isolates. Genotype B repre-
sented nearly 15% of the isolates. The 
other genotypes represented fewer than 7% 
of the entire collection. 

ITS sequence analysis was conducted on 
a subset of isolates to determine the genera 
of isolates obtained. Isolates from different 
locations with the same RFLP patterns 
were given preference for sequence analy-
sis in order to investigate isolates from 
throughout Ohio. Sequence analysis re-
vealed that each unique RFLP banding 
pattern corresponded to known sequences 
in GenBank. The genera identified were 
Colletotrichum, Alternaria, Fusarium, 
Phomopsis, and Mucor (Table 1). The ITS 
sequences yielding banding patterns D and 
E with MspI digest matched to Phomopsis. 
Some of the sequence analyses resulted in 
identity match greater than or equal to 
99% similarity (Table 1). In these in-
stances, the following species were identi-
fied: Colletotrichum acutatum, C. dema-
tium, C. coccodes, Fusarium culmorum, F. 
oxysporum, and F. sporotrichioides. The 
ITS DNA sequence of some isolates 
matching to Alternaria could not be identi-
fied to species, because multiple species 
share identical sequences that cannot be 
distinguished across the region analyzed 
(27). For example, the ITS sequence ob-
tained from isolate Mg 23 displaying pat-
tern B was equally similar to Alternaria 
tenuissima, A. arborescens, A. infectoria, 
and A. alternata. The ITS sequence match-
ing to Phomopsis had greater than or equal 
to 98% similarity but with no species des-
ignation according to Farr et al. (12). 

Biogeography of genera. Colleto-
trichum was the most abundant genus ob-
served in every county sampled (Table 2). 
The percentage of isolates identified as 
Colletotrichum spp. from six of the coun-
ties sampled ranged from 60 to 100%. The 
major exception to this pattern was ob-
served in Meigs County, where Alternaria 
and Phomopsis were the most frequently 
isolated fungi. Meigs County also had the 
largest diversity of genera isolated from 
tomato lesions, including isolates of all 
five genera detected in this study. Meigs 
County is also the only county from which 
isolates identified as being a species of the 
genus Mucor were isolated. Another poten-
tial exception to this pattern was observed 
in Portage County, where only three fungal 
isolates were collected, each of which was 
identified as a different genus. 

Pathogenicity tests on excised and in-
tact tomato fruit. The experiments in-
cluded assays that tested the stringent and 
lenient definitions of a pathogen. All gen-
era were able to cause rot when inoculated 
into ripe, excised tomato fruit using in-
fested broom straw to also wound the fruit 
(Fig. 2). Isolates of both Colletotrichum 
and Alternaria caused dark, sunken, circu-

Fig. 1. Determination of genotypes of fungal isolates from tomato fruit lesions by restriction fragment 
length polymorphism analysis of internal transcribed spacer region amplified with MspI restriction 
enzyme. Lane scheme is as follows: 100-bp ladder (lanes 1, 14, 27), genotype A (lanes 2 to 5), geno-
type B (lanes 6 to 9, 18), genotype C (lanes 12, 13, 19 to 22), genotype D (lanes 15 to 17), genotype E 
(lanes 10 and 11), and genotype F (lanes 23 to 26). Isolates used in wound-inoculation assays were Wy 8 
in lane 2, Mg 23 in lane 6, Po 2 in lane 8, Mg 1 in lane 12, and Ft 25 in lane 13. 
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lar lesions, whereas Fusarium, Phomopsis, 
and Mucor isolates caused large sunken 
lesions and desiccation of the fruit tissue. 
In addition, Fusarium isolates grew out of 
the fruit tissue, producing white aerial 
mycelium. The Mucor isolate caused soft 
tissue rot. In addition to wound inocula-
tion, spore suspensions of Fusarium isolate 
Ft 25 and Alternaria isolate Po 2 were 
capable of infecting unwounded intact 
cherry tomato fruit. Dark, soft tissue de-
veloped, similar to the early symptoms of 
anthracnose (Fig. 3). 

In vitro fungicide sensitivity. Growth 
inhibition assays were used to determine 
the fungicide sensitivity of isolates within 
our collection. Significant differences in 
percent growth inhibition were observed 
among genera, but the patterns of relative 
sensitivity varied by compound (Table 3). 
Significant (P < 0.05) variation in sensitiv-
ity among genera was not detected for 
every concentration of each fungicide, but 
was highly significant overall for azox-
ystrobin, chlorothalonil, and mancozeb (P 
< 0.005 for all three fungicides). 

Overall, Colletotrichum isolates were 
more sensitive to azoxystrobin than Fusa-
rium and Phomopsis isolates (P = 0.0049, 
Table 3). The large majority (90%) of the 
Colletotrichum isolates displayed ≥47% 
growth inhibition in the presence of 1× or 
3× azoxystrobin (data not shown). Only 
Wy 8 displayed significant signs of insen-
sitivity, displaying only 36% inhibition in 
the presence of 3× azoxystrobin. In con-
trast, nearly half of the Alternaria isolates 
tested showed <30% growth inhibition at 
the 3× concentration of azoxystrobin. 
However, the levels of insensitivity dis-
played by members of this genus were not 
significantly different from those displayed 
by Colletotrichum. There were no signifi-
cant differences of this sort among the 
Fusarium isolates, which were all rela-
tively insensitive to azoxystrobin com-
pared to the Colletotrichum isolates. Two 
of the Phomopsis isolates, Mg 11 and Po 1, 
were not inhibited more than 22% at even 
the 3× concentration, while the other two 
isolates showed >50% inhibition at the 1× 
level. 

For chlorothalonil, Colletotrichum, 
Fusarium, and Phomopsis isolates were, 
on average, more sensitive than Alternaria 
isolates (P = 0.002, Table 3). Among the 
Colletotrichum isolates, there was a 
slightly lower degree of growth inhibition 
at the 1× concentration than noted for 
azoxystrobin (47.1% versus 51.8% on 
average), but only one isolate, Ge 2, dis-
played <36% growth inhibition at the 3× 
rate of chlorothalonil. The same three Al-
ternaria isolates (Hu 5, Mg 23, and Po 2) 
that showed sensitivity to azoxystrobin 
were also relatively insensitive to 
chlorothalonil, showing <35% growth 
inhibition at the 1× and 3× rates. The 
Fusarium isolates were relatively sensitive, 
with only Mg 1 being different and show-
ing <30% inhibition at the 1× level. Po 1 
was also noted for its sensitivity to 
chlorothalonil (<33% inhibition at 1× and 
3× levels) relative to the other Phomopsis 
strains tested. 

The four genera also differed in their 
sensitivity to mancozeb. Overall, Phomop-
sis isolates were significantly more inhib-
ited by mancozeb than the Alternaria and 
Fusarium isolates (P < 0.001, Table 3). 
Colletotrichum isolates displayed similar 
sensitivity to that of Phomopsis, but were 
only significantly different from Fusarium 
at the 3× rate. Mancozeb was generally 
more inhibitory to Colletotrichum, Alter-
naria, and Phomopsis isolates than any 
other fungicide tested with 61, 48, and 
88% growth inhibition, respectively, at the 
1× rate. In contrast, five of the six Fusa-
rium isolates tested were relatively insensi-
tive, displaying <27% and <43% inhibition 
at the 1× and 3× rates, respectively. 

Addition of fixed copper to the media 
resulted in only very limited growth inhibi-
tion of the fungi. Only one isolate, Pho-
mopsis Po 8, was inhibited by more than 
20% at the 1× rate. There was significant 
(P < 0.044) variation among genera at the 
3× concentration, with the Fusarium iso-
lates not showing any growth inhibition. 
However, the average growth inhibition for 
the other three genera was never above 
20%. 

In situ fungicide sensitivity of isolates. 
In situ fungicide sensitivity assays were 
conducted to further test the ability of 
azoxystrobin and chlorothalonil to inhibit 
lesion development on ripe fruit. In gen-
eral, significant dose responses were ob-
served in most of the in situ assays con-
ducted with azoxystrobin. The doses at 
which Colletotrichum isolates Ft 26 and 
Wy 8 showed 50% reduction in lesion size 
were 0.64×. The only other fungus show-
ing at least 50% reduction in lesion size in 
these assays was Alternaria strain Po 2, at 
the 5× concentration. For the other three 
fungi tested, lesion development was not 
significantly inhibited across the range of 
concentrations tested. Indeed, lesions de-
veloping from infections by the two Fusa-
rium isolates, Mg 1 and Ft 25, and the 

Table 2. Percentage of isolates from various Ohio counties belonging to different genera identified
through restriction fragment length polymorphism (RFLP) analysis  

  Percentage of isolates 

County Nz Colletotrichum Alternaria Fusarium Phomopsis Mucor 

Fulton 26 92 4 4 0 0 
Geauga 5 60 20 20 0 0 
Huron 20 65 10 15 10 0 
Meigs 40 12 38 17 23 10 
Portage 3 33 33 0 33 0 
Sandusky 49 98 2 0 0 0 
Wayne 28 100 0 0 0 0 
Wood 16 88 12 0 0 0 

z Total number of isolates for a given RFLP genotype isolated from that county. 

Table 1. Identification of restriction fragment length polymorphism (RFLP)-defined fungal genotype 
based on ITS sequence 

Patternw County Isolate Identity matchx Similarity (%)y DNA matchz 

A Fulton Ft 12  Colletotrichum dematium 98 545/556 
A Fulton Ft 26 C. dematium 99 570/573 
A Huron Hu 20 C. coccodes 100 578/578 
A Portage Po 3 C. acutatum 100 533/533 
A Portage Po 4 C. acutatum 96 529/548 
A Sandusky Sa 3 C. coccodes 98 581/588 
A Sandusky Sa 23 C. coccodes 99 460/462 
A Wayne Wy 8 C. coccodes 100 464/464 
B Fulton Ft 16 Alternaria 91 476/520 
B Huron Hu 5 Alternaria 97 548/561 
B Meigs Mg 23 Alternaria 98 551/561 
C Fulton Ft 25 Fusarium oxysporum 99 533/534 
C Geauga Ge 1 F. oxysporum 96 303/314 
C Huron Hu 1 F. oxysporum 95 523/547 
C Huron Hu 10 F. oxysporum 99 542/545 
C Meigs Mg 1 F. sporotrichioides 98 506/516 
C Meigs Mg 10 F. culmorum 99 552/556 
D Meigs Mg 7 Phomopsis 99 557/558 
D Meigs Mg 8 Phomopsis 98 594/603 
D Meigs Mg 11 Phomopsis 98 591/603 
E Portage Po 1 Phomopsis 96 348/359 
F Meigs Mg 13 Mucor hiemalis 94 114/124 

w Designation given to different restriction fragment length polymorphism patterns. 
x Identity of organism whose sequence matched that of the isolate. 
y Percent similarity of subject sequence to identified sequence in GenBank database. 
z Number of base pairs in subject sequence to number of base pairs in highest matched sequence. 
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other Alternaria isolate, Mg 23, were not 
inhibited by more than 25% even at the 5× 
rate. 

Interestingly, the chlorothalonil treat-
ment was not capable of reducing lesion 
development by 50% for any of the iso-
lates tested. And only Colletotrichum iso-
late Wy 8 and Alternaria isolate Po 2 re-
sponded to increasing chlorothalonil 
concentration with reduction in lesion size, 
resulting in a linear regression that devi-
ated significantly from zero (P = 0.05). For 
each genus, lesion development was great-
est for those isolates with the lowest fungi-
cide sensitivity ratings in the in vitro as-
says. Indeed, Colletotrichum Wy 8, 
Alternaria Mg 23, and Fusarium Mg 1 
gave rise to lesions that were between 10 
and 25% larger than Colletotrichum Ft 26, 
Alternaria Po 2, and Fusarium Ft 25, re-
spectively. 

DISCUSSION 
In this investigation, processing and 

fresh-market tomatoes were sampled from 
conventional and organic fields located in 
those Ohio counties with the greatest vol-
ume of tomato production (24). The major-
ity of fungi isolated from tomatoes dis-
playing anthracnose-like lesions were 
species of Colletotrichum. Sequence 
analysis revealed that 25% of the Colleto-
trichum isolates examined were actually C. 
acutatum, another 25% C. dematium, and 
remaining 50% were C. coccodes. Differ-
ent species of Colletotrichum have been 
shown to cause fruit rot on tomato 
(3,4,16,25). However, the sources of Colle-
totrichum and Glomerella in the 1982 
study (4) included tomato and apple fruit 
lesions and a variety of hosts with foliar 
lesions, including weeds, grain crops, 
vegetables, and fruit. In our investigation, 
fungal isolates were collected from dis-
eased tomato fruit found in processing or 
fresh-market tomato fields in Ohio. This 
survey allowed for the focus on fungal 
pathogens causing anthracnose-like symp-
toms in Ohio fields. The isolates collected 
in the current study could have been pri-
mary or secondary invaders. The isolates 
tested were capable of causing anthrac-
nose-like symptoms on wounded or un-
wounded tomato fruit (Figs. 2 and 3). 
When testing the ability of spore suspen-
sions of these isolates on greenhouse-
grown tomato fruit in a laboratory setting, 
all could infect tissue and cause lesions 
characteristic of Colletotrichum (data not 
shown). Virulence of all isolates was not 
determined. 

Morpho-taxonomic criteria are com-
monly used to identify Colletotrichum spp. 
(28,30). These criteria include shape and 
size of conidia, morphology and size of 
appressorium and setae, and response to 
temperature on PDA media. The analysis 
of restriction polymorphisms in amplified 
DNA regions is commonly used in the 
classification of many groups of microor-

ganisms (31). Random amplified polymor-
phic DNA (RAPD) polymorphisms and 
ITS sequence analysis have been used to 
investigate genetic variation within Colle-
totrichum from strawberry (7). In addition, 
ITS region species-specific primers have 
been used to differentiate Colletotrichum 
species (21). In this investigation, the use 
of ITS sequence analysis paired with 
RFLP pattern analysis was useful in the 
identification of fungal isolates. We exam-
ined the morphology of spores from repre-
sentative isolates for which ITS sequences 
were obtained (data not shown). Those 
observations were concordant with the ITS 
sequence-based identifications. The use of 
morphological characterization for the 
identification of such a large fungal collec-
tion could be a time-consuming and diffi-
cult task for the untrained eye. With the 
RFLP analysis, the collection of 187 iso-
lates was readily classified into six groups. 
This enabled sequence analysis of only 
those isolates with unique banding pat-
terns. Sequence analyses of amplified 
products indicated high levels of sequence 
identity with five different genera. Interest-
ingly, the isolates identified as Phomopsis 
were associated with two different RFLP 
banding patterns. Additional digests of the 

amplified products failed to resolve any 
additional diversity in the other ribotypes 
(data not shown). Thus, our approach pro-
vides a rapid way to classify tomato fruit 
rot pathogens to the genus level. 

Nearly 30% of the isolates obtained 
from anthracnose-like lesions were not 
Colletotrichum. Most of our non-
Colletotrichum isolates belong to genera 
previously associated with disease devel-
opment on tomato (19). For example, A. 
alternata is the causal agent of black 
shoulder, which causes sunken black le-
sions. A. solani, the causal agent of early 
blight, causes black leathery sunken le-
sions when it infects fruit. However, F. 
oxysporum, the causal agent of Fusarium 
wilt, is not commonly associated with fruit 
infection. In our studies, isolates belonging 
to these genera were capable of causing 
lesions that mimic the early stages of an-
thracnose. It was interesting to find Alter-
naria spp. relatively frequently in our col-
lection (23 of 187 isolates), because 
Alternaria has not been reported to be a 
major fruit rot pathogen in Ohio. In Cali-
fornia, Alternaria is the most devastating 
tomato fruit rot pathogen (23). It is impor-
tant to consider these non-Colletotrichum 
pathogens when implementing disease 

 

Fig. 3. Representative lesions that developed from Alternaria (A) and Fusarium (B) spore suspension 
inoculation onto intact cherry tomato fruit. 

Fig. 2. Representative lesions characteristic of each of the representative genera, Colletotrichum (B 
and C), Alternaria (A and E), Fusarium (H and I), Phomopsis (D and F), and Mucor (G) on wound-
inoculated, detached fruit. 
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control strategies. Continued reliance on 
azoxystrobin and chlorothalonil might 
favor these minor pathogens that are less 
sensitive to these fungicides than Colleto-
trichum such that they may become a lar-
ger problem in the future. 

It is possible that the non-
Colletotrichum isolates may represent 
secondary infections from which the initial 
lesion-forming agent was displaced or 
outgrown during isolation. It is well known 
that Fusarium is fast growing and com-
monly isolated from soils and plant tissue. 
However, the ability of the Fusarium and 
Alternaria isolates to cause fruit rot symp-
toms similar to those found on the fruit 
from which they were isolated indicates 
that they are, at the very least, likely to be 
contributing agents to the fruit rots in the 
field. In contrast, the less frequently iso-
lated Phomopsis and Mucor species iso-
lated have not been previously associated 
with tomato disease. However, Mucor is 
also a common soilborne fungus that has 
been associated with postharvest fruit rot 
(1). Since these isolates did not cause an-
thracnose-like lesions, they are more likely 
secondary invaders or contaminants. 

The percentage of total isolates per 
county belonging to each genus allowed 
for a comprehensive look at the distribu-
tion of fruit rot pathogens in Ohio. For 
each county sampled, the highest percent-
age of isolates was identified as Colleto-
trichum. Only three heirloom tomato fruit 
with typical anthracnose fruit rot symp-
toms were found at the time of sampling at 
a small certified organic farm in Portage 
County. Fungi isolated were Alternaria, 
Phomopsis, and Colletotrichum. In Meigs 
County, Alternaria was the most com-
monly isolated pathogen. In addition, the 
greatest diversity of genera was found in 
fields in this county. All of the tomato 
production in Meigs County is for the 
fresh market, and some growers in this 
county tend to plant tomatoes year after 
year in the same field. Tomato crops grown 
in this county would likely benefit from 
the use of rotations to reduce pathogen 
inoculum levels since it is well known that 
the pathogens observed in this study can 
overwinter for many years in soil and on 
crop debris (11). In addition, Meigs 
County is located in southeastern Ohio on 
the Ohio River, where environmental con-

ditions may favor greater severity of fruit 
rots. 

One goal of this work was to determine 
if the pathogens that cause anthracnose-
like symptoms were sensitive to those 
chemicals commonly used in tomato dis-
ease control programs. Because tomato 
growers need to control a variety of dis-
eases, they will use fungicide spray pro-
grams that include a variety of products. In 
Ohio, azoxystrobin, chlorothalonil, fixed 
copper, and mancozeb are all commonly 
used. These compounds are currently la-
beled for control of anthracnose in tomato, 
assuming it is caused by C. coccodes. 
Thus, the identification of other pathogens 
causing anthracnose-like lesions is signifi-
cant, particularly since the isolates of these 
other genera appear to be more insensitive 
to products used to control anthracnose. In 
this regard, it is worth noting that none of 
the fungicides tested here have been la-
beled for the control of tomato diseases 
caused by Fusarium or Phomopsis spp., 
and only mancozeb and copper are cur-
rently labeled for the control of diseases 
caused by any species of these two genera 
in one or more other crops. With regard to 
azoxystrobin, the Colletotrichum isolates 
were more responsive to increasing con-
centrations in situ than the Alternaria and 
Fusarium isolates. This indicated a pecu-
liar level of tolerance of the latter genera to 
azoxystrobin at the levels tested. Resis-
tance to fungicides has been indicated in 
various pathosystems, and the modes of 
resistance have been investigated (14). The 
indicated lack of dose response to azox-
ystrobin and chlorothalonil may prove to 
be a major issue in tomato production if 
pathogens are becoming resistant to these 
two fungicides, since they are commonly 
used in spray programs for the control of 
various fruit rots. However, further work 
will be required to determine if the lack of 
dose response seen in our in vitro assays 
also occurs in spray trials using the labeled 
rates of the fungicides. 

Fixed copper fungicides are commonly 
used to control bacterial diseases in tomato 
production; however, they are also labeled 
for the control of several fungal diseases 
on tomato. Our in vitro investigation indi-
cated that the presence of fixed copper did 
not inhibit mycelia growth of any of the 
tested fungal isolates. This is consistent 

with previous work showing that copper 
application alone does not significantly 
reduce the number of fruit with anthrac-
nose (20); however, we cannot assert that 
true resistance to copper fungicides occurs, 
because the amount of free copper ion 
available in our in vitro assays was not 
evaluated. The amounts of copper added 
cannot be equated to the amounts available 
for uptake by pathogens following a typi-
cal spray program. In fact, the amount of 
free copper present in our assay plates may 
be only a small fraction of that introduced 
because the pH of the media was approxi-
mately neutral (data not shown), a condi-
tion that prevents the release of free copper 
ion from its salt. 

It is vital that growers use good man-
agement practices to control diseases in 
their fields through the integration of cul-
tural, biological, and chemical control 
measures (18). The low tolerance of buyers 
to anthracnose symptoms, in both the 
processing and fresh-market industry, en-
courages growers to use the most effective 
disease control measures available. Inte-
gration of controlling soil-surface residue, 
implementing conservation tillage, and 
reducing fungicide application effectively 
managed tomato fruit rot and foliar blight 
such that marketable yield was not reduced 
(22). One management practice that aids in 
the prevention of resistance to fungicides 
is alternating use of chemicals with differ-
ent modes of action (29). The use of 
weather-based forecasting systems is an-
other tool to reduce application while 
maintaining desired yields, rather than 
calendar-based programs. These systems, 
such as TOM-CAST, have varied in effec-
tiveness against anthracnose fruit rot de-
pending on location in the United States 
(11,15). In addition, this model was based 
on the epidemiology of A. solani. It was 
not optimized for recognizing the envi-
ronmental conditions favorable for an-
thracnose disease in the Midwest (5). 
Therefore, farms plagued by anthracnose-
like fruit rots caused by the different types 
of fungi found in this investigation may 
not benefit from use of an uncalibrated 
TOM-CAST system. 

This investigation characterized the 
identification of fungal pathogens capable 
of causing anthracnose-like lesions and 
characterizing the sensitivity levels of 

Table 3. Average percent growth inhibition of each genus by in vitro treatment with fungicides 

  Azoxystrobin Chlorothalonil Mancozeb 

Genera Nx 0.3× 1× 3× Ally 0.3× 1× 3× Ally 0.3× 1× 3× Ally 

Colletotrichum 10 44 a 52 a 52 a A 32 ab 47 a 70 a AB 29 a 61 ab 84 a AB 
Alternaria 7 26 a 37 a 46 ab AB 17 b 32 a 42 a B 21 a 48 b 73 ab B 
Fusarium 6 25 a 33 a 30 b B 40 a 55 a 62 a A 15 a 29 b 43 b B 
Phomopsis 4 28 a 37 a 29 ab B 49 a 67 a 71 a A 33 a 88 a 100 a A 
P valuez  0.098 0.100 0.023 0.005 0.012 0.041 0.072 0.002 0.082 0.001 <0.001 <0.001 

x Total number of isolates included in the assay for each genus. 
y Significant differences of the grand means were evaluated across all fungicide concentrations using Dunn’s pairwise comparisons test and are indicated by 

different letters. 
z The P values presented were obtained from Kruskal-Wallis analysis of variance test. 
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these pathogens to fungicide treatments. 
The levels of laboratory sensitivity ob-
served do not necessarily reflect small 
degrees of field resistance. However, these 
findings represent strong rationale to in-
vestigate further the response of all fungal 
fruit rotting pathogens to commonly used 
fungicides in field studies. The current 
fungicide applications used in Ohio and 
the societal concerns about fungicide resi-
dues in food products and the environment 
indicate the need to study further the effec-
tiveness of these chemicals against patho-
gens found in Ohio tomato fields. 
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