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Detection, Isolation, and Pathogenicity of Colletotrichum spp.  
from Strawberry Petioles 

J. C. Mertely and D. E. Legard, University of Florida, Gulf Coast Research and Education Center, Dover 33527 

Colletotrichum spp. cause several dis-
eases of strawberry, the most destructive 
of which are anthracnose fruit rot and 
Colletotrichum crown rot. Anthracnose 
fruit rot usually is caused by Colleto-
trichum acutatum and is characterized by 
large, sunken lesions that render the fruit 
unmarketable (17,30). Colletotrichum 
crown rot is caused by C. fragariae or C. 
gloeosporioides, two species which may 
be conspecific (16,33,39). Both fungi de-
cay strawberry crowns, resulting in the 
wilting and death of plants in nurseries 
and production fields (17,30). C. fra-
gariae was the first reported causal agent 
of Colletotrichum crown rot (4,5), but C. 
gloeosporioides and its teleomorph 
Glomerella cingulata usually are associ-
ated with the disease in Florida (16,17, 
20,36). All three species are disseminated 
on infected transplants (16,25,30), which 
may or may not show visible symptoms. 
The objective of this study was to develop 
an improved method to detect Colleto-

trichum spp. on apparently healthy straw-
berry plants. 

Researchers have advocated the use of 
disease-free transplants to avoid outbreaks 
of Colletotrichum crown rot in strawberry 
production fields (17,20,25). These recom-
mendations sometimes were based on 
empirical evidence such as the association 
of field outbreaks with nursery source. 
Similar recommendations could be made 
for C. acutatum because this pathogen has 
been isolated from California nursery 
plants on several occasions (8,13). These 
reports resulted in the classification of C. 
acutatum as an organism of quarantine 
significance in Canada from 1991 to 1997 
(PPD directive D-97-03) and in the United 
Kingdom and the European Community 
since 1993 (EC directive 77/93). In 1996, 
Freeman (10) published the first report of 
anthracnose fruit rot of strawberry in Is-
rael. After examining numerous local iso-
lates and comparing their genetic markers 
to reference isolates using random ampli-
fied polymorphic DNAs, he concluded that 
a single introduction of C. acutatum from 
the United States was responsible for the 
outbreak (11). These reports illustrate the 
importance of early detection of C. acu-
tatum and exclusion of contaminated 
planting materials (1,3,7). 

Pathogen-free strawberry plants can be 
obtained by propagating plantlets from 
meristem culture in areas lacking reservoir 
hosts (e.g., wild and domesticated straw-

berry) or areas outside the normal range of 
anthracnose pathogens. However, this 
approach has become less feasible with the 
northerly spread of C. acutatum in the 
United States and Europe (3,23,28). To 
produce pathogen-free planting material, 
nurserymen must identify infected plants 
before they are sold, which can be diffi-
cult. Regular fungicide applications help to 
limit disease spread in modern nurseries 
but hinder development of characteristic 
anthracnose lesions on stolons and peti-
oles. However, even in the absence of visi-
ble symptoms, Colletotrichum spp. may 
persist on plants as microscopic latent 
infections consisting of appressoria with 
limited development of infective hyphae 
(29,38). Their detection by conventional 
isolation techniques is time consuming. 
With respect to crown rot, the symptoms 
are somewhat generalized and may be 
caused by Macrophomina phaseolina and 
Phytophthora spp. (22) as well as C. fra-
gariae and C. gloeosporioides. Isolation 
and identification, a time-consuming proc-
ess, must be carried out to determine the 
etiology of crown rot diseases. 

The herbicide paraquat (1,1′-dimethyl-
4,4′-bipyridinium dichloride) has been used 
to enhance detection of species of Alter-
naria, Botrytis, Cercospora, Colletotrichum, 
Phomopsis, and other fungi on healthy-
appearing plant material since the 1980s 
(2,6,12,29,35). Chlorophyll-containing tis-
sues are killed rapidly by paraquat, a proc-
ess that accelerates the growth and sporula-
tion of fungal colonists and some endo-
phytes. Plant parts are treated with 0.03 to 
0.6% of the paraquat cation and incubated 
under humid conditions to encourage the 
growth and sporulation of fungal colonists, 
which are subsequently identified. In the 
early 1990s, workers at the Central Science 
Laboratory in Great Britain began using 
paraquat to detect C. acutatum on petioles 
of imported strawberry plants (7). Unfortu-
nately, paraquat is a hazardous material that 
is toxic when ingested, inhaled as a mist, or 
absorbed through the skin or eyes. 

In this study, freezing was evaluated as 
an alternative to paraquat and tested for its 
ability to differentially kill strawberry 
tissue without eliminating fungal colonists. 
The sensitivity of this method was com-
pared with paraquat for the detection of 
Colletotrichum spp. on strawberry petioles. 
Strawberry runner plants from Canadian 
nurseries were assayed using this new 
methodology. A portion of this study was 
reported previously (26). 
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MATERIALS AND METHODS 
Treatment comparisons using natu-

rally infected strawberry petioles. A 
paraquat treatment and five freeze treat-
ments were evaluated for their ability to 
facilitate the detection of latent infections 
of Colletotrichum spp. in strawberry peti-
oles. The evaluation consisted of six repli-
cate experiments carried out between Janu-
ary and May 2000. Each experiment was 
initiated by collecting approximately 250 
petioles from mature leaves of strawberry 
plants growing in fields at the Gulf Coast 
Research and Education Center (GCREC) 
in Dover, FL. Four experiments were con-
ducted with petioles of the susceptible cv. 
Camarosa and two with petioles from a 
mixed group of unnamed clones. Petioles 
that showed visible lesions or unusual 
physical damage were discarded. Remain-
ing symptomless petioles were trimmed to 
a length of 6 to 7 cm including part of the 
base with stipules removed. Thirty petioles 
were selected randomly for each treatment. 
All treatments were carried out in 125-ml 
wide-mouth, screw-cap plastic bottles 
(Nalge Nunc Intl., Rochester, NY), proc-
essing five petioles per bottle. 

The control treatment consisted of 
washing petioles in 140 ml of sterile de-
ionized water supplemented with Tween 
20 surfactant at 18 µl/liter. The bottles 
were closed and shaken vigorously by 
hand for two brief intervals during a 60-s 
wash period. After the wash water was 
drained, the petioles were rinsed once in 
sterile deionized water and placed on dry 
filter paper circles in 9-cm petri dishes, 
one replicate per dish. The petioles were 
air dried in a laminar flow hood for 5 to 10 
min to remove excess surface moisture. To 
produce humid incubation conditions, 0.7 
ml of deionized water was added to the 
filter paper circle in each dish before the 
lids were replaced. The paraquat treatment 
consisted of immersing petioles for 60 s in 
paraquat cation at 3,000 µg/ml or 0.3% 
(29) prepared from Gramoxone Extra 
(Syngenta Crop Protection, Greensboro, 
NC). During the immersion period, the 
bottles were agitated briefly two times. 
The petioles were placed directly on filter 
paper without rinsing and prepared for 
incubation as the control treatment. 

Freeze treatments were initiated by plac-
ing uncapped bottles containing five peti-
oles each in a conventional freezer (–15 to 
–20°C) until the petioles were thoroughly 
frozen (1 to 2 h). In the first of five freeze 
treatments, 30 petioles were thawed, 
washed, rinsed, dried, and prepared for 
incubation as described for the control 
treatment. To determine the effects of sur-
face disinfestation on Colletotrichum spp. 
and other fungal competitors, petioles were 
exposed to 0.525% sodium hypochlorite 
(NaOCl) for 0.5, 1.0, 2.0, or 5.0 min. Ten 
microliters of 25% Tween 20 (18 µl/liter) 
was added to each bottle prior to filling 
with disinfectant. The bottles were closed 

and agitated twice by hand during the ex-
posure period. After treatment, the petioles 
were rinsed once in sterile deionized water 
and handled as previously described. 

Petri dishes with petioles were stacked 
inside clear plastic crisper boxes to help 
retain moisture and incubated on a labora-
tory bench at 23 to 25°C under continuous 
fluorescent lighting. After 5 to 7 days, 
growth characteristic of Colletotrichum 
spp. easily was observed with a dissecting 
microscope, and appeared as pale orange 
to white mounds of conidia produced by 
acervuli. To characterize these fungi to 
species, one or more acervuli from each 
petiole was mounted in water and exam-
ined under a compound microscope. Iden-
tification was based on morphological 
characteristics such as spore shape and the 
presence or absence of setae. In doubtful 
cases, single-spore isolates were obtained 
by transferring an acervulus to 10 ml of 
sterile deionized water in a 15-ml dispos-
able plastic test tube and shaken vigor-
ously. One milliliter of the resulting spore 
suspension was spread on a petri dish con-
taining a semiselective Colletotrichum 
isolation medium (37). After overnight 
incubation at 24°C, newly germinated 
spores were transferred to potato dextrose 
agar (PDA; Difco Laboratories, Detroit, 
MI) and incubated under constant fluores-
cent lighting for 5 to 7 days at 24°C. Iden-
tifications were based on classical myco-
logical characteristics such as colony 
growth rate and appearance, spore size and 
morphology, and the presence or absence 
of setae (14,31). Isolates of interest were 
preserved at –85°C in 10 to 20% glycerol 
(21). 

The experiment was repeated six times. 
The number of petioles colonized by Col-
letotrichum spp. and the frequency of de-
tection in percent was calculated for each 
treatment in each experiment. Frequency 
data (%/100) were transformed by an arc-
sine square root expression prior to analy-
sis. Data from all six experiments were 
combined in an analysis of variance 
(ANOVA) using SAS software (SAS Insti-
tute, Cary, NC). Multiple comparisons of 
treatment means were made using Fisher’s 
protected least significant difference 
(LSD) test (α = 0.05). Four quantitative 
treatments testing different times of expo-
sure to a surface disinfectant also were 
examined in an analysis of covariance to 
determine the relationship between expo-
sure interval and frequency of detection of 
Colletotrichum spp. 

Treatment comparisons using inocu-
lated strawberry petioles. In an effort to 
reduce variability associated with field-
grown material, selected treatments were 
compared using petioles obtained from 
greenhouse plants inoculated with C. acu-
tatum. Strawberry runner plants (cv. Cama-
rosa) were obtained from a California 
nursery, transplanted into 15-cm round 
pots filled with a commercial mixture of 

peat moss, vermiculite, and perlite (Fafard 
2 Mix, Conrad Fafard Inc., Agawam, MA), 
fertilized with Osmocote 14:14:14 con-
trolled release fertilizer at 7 g/pot (The 
Scotts Co., Marysville, OH), and grown at 
25 to 34°C in the greenhouse. After 5 to 7 
weeks, plants were selected at random for 
inoculation. 

The greenhouse-grown plants were in-
oculated with a single-spore isolate of C. 
acutatum obtained from a diseased Cama-
rosa fruit in 1999 (GCREC culture collec-
tion number 98-324). Cultures were grown 
on PDA for 6 to 8 days under continuous 
fluorescent lighting at 24°C. Inoculum 
suspensions consisting of 5 × 104, 5 × 103, 
and 5 × 102 conidia/ml were prepared in 
sterile deionized water with the aid of a 
hemacytometer. In all, 27 to 30 plants were 
inoculated with each suspension by spray-
ing petioles nearly to runoff with a hand-
held aerosol sprayer (Chromist sprayer; 
Gelman Sciences, Ann Arbor, MI). A com-
parable group of plants was sprayed with 
sterile water. After treatment, the plants 
were incubated in closed 113-liter marine 
coolers (Igloo Products Corp., Houston, 
TX) at 24 to 26°C for 2 days, and then 
transferred to a greenhouse. 

Seven days after inoculation, apparently 
healthy petioles were removed from plants 
in each inoculation treatment and from 
plants treated with sterile water. Each set 
of petioles was divided randomly into 
groups of 30 to provide material for the 
evaluation of four petiole treatments: (i) 
surface disinfest in 0.525% NaOCl for 1 
min, rinse once in sterile water, immerse in 
0.3% paraquat for 1 min; (ii) freeze for 1 
to 2 h at –15°C, surface disinfest in 
0.525% NaOCl for 1 min, rinse once in 
sterile water; (iii) freeze for 1 to 2 h at  
–15°C, surface disinfest in 0.0525% 
NaOCl for 1 min; and (iv) rinse for 1 min 
in sterile water. All NaOCl solutions and 
the sterile water in treatment four included 
Tween 20 surfactant at 18 µl/liter. The 
treatments were carried out in closed 
screw-cap bottles to permit periodic agita-
tion during exposure periods. In all, 30 
petioles were processed per treatment, in 
separate replicates of 10 petioles each. 
After treatment, the petioles were air dried 
briefly in a laminar flow hood to remove 
excess surface moisture, incubated for 6 to 
7 days on moist filter paper in petri dishes, 
and observed microscopically. When 
sporulation characteristic of Colleto-
trichum spp. was observed, confirmation 
of C. acutatum was made by examining 
acervuli and conidia with a compound 
microscope. 

The experiment was repeated using peti-
oles from plants inoculated with the same 
isolate of C. acutatum at 5 × 103, 5 × 102, 
and 5 × 101 conidia/ml and plants treated 
with sterile water. The number of petioles 
colonized by C. acutatum in each treat-
ment and replicate was recorded and ex-
pressed as a percentage. Frequency data 
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(%/100) were transformed by an arcsine 
square root expression and analyzed sepa-
rately by two-way ANOVA for each in-
oculum level and by three-way ANOVA 
using the Proc Mixed procedure in SAS 
for each experiment. Multiple means com-
parisons were made by Fisher’s protected 
LSD in the two-way analyses (α = 0.05). 
Treatment, replicate, and inoculum level 
were included as classification variables in 
the three-way analyses, which included 
data from all inoculum levels in an experi-
ment to increase the power of the test. The 
three-way analyses incorporated a Dun-
nett’s adjustment to compare least square 
means from three treatments to those of 
the paraquat, the standard or reference 
treatment. 

Detection of Colletotrichum spp. on 
planting material. Runner plants from 
commercial nurseries in Canada were ex-
amined during October and November 
1999 and 2001 to detect latent infections 
of Colletotrichum spp. Plants from four 
nurseries in 1999 and five nurseries in 
2001 were assayed using a petiole freeze 
protocol. One box of 500 plants was ob-
tained from each nursery through commer-
cial distributors in Florida. Two hundred 
petiole segments (each from one mature 
leaf/plant) were frozen for 1 to 2 h, surface 
disinfested fir 1 min in 0.525% NaOCl 
plus Tween 20 at 18 µl/liter, rinsed in ster-
ile water, dried, and incubated as previ-
ously described. The number of petioles 
colonized by Colletotrichum spp. was 
recorded and the species producing a large 
cluster of acervuli on each petiole was 
tentatively identified. 

Pathogenicity tests. Eighteen isolates 
of C. gloeosporioides from petioles were 
tested for pathogenicity in the greenhouse. 
All isolates were obtained by the freeze 
method from healthy-appearing petioles of 
strawberry plants growing at GCREC. Ten 
were isolated in May 1999 from a small 
block of Camarosa plants that were not 
treated with fungicides active against Col-
letotrichum spp. Eight were isolated in 
November 1999 from various unnamed 
clones in a strawberry breeder’s nursery 
sprayed regularly with captan. Although 
these eight isolates developed from single 
conidia isolated from excised acervuli, 

perithecia of G. cingulata occasionally 
were interspersed among acervuli on peti-
oles colonized by C. gloeosporioides. 
Pathogenicity was assessed by injecting 
strawberry crowns with inoculum using a 
syringe (32). Commercial runner plants or 
rooted runner tips of cv. Camarosa were 
transplanted to 15-cm plastic pots filled 
with Fafard 2 potting mix, and grown on 
greenhouse benches for 4 to 7 weeks prior 
to inoculation. Inoculum was prepared 
from 5- to 7-day-old colonies on PDA and 
consisted of spore suspensions of each 
isolate adjusted to 1 × 106 conidia/ml in 
sterile water. Plants were inoculated by 
injecting a small quantity (<0.2 ml) of 
spore suspension into the lower crown of 
each plant using a syringe fitted with a 25-
gauge needle. Positive controls were in-
oculated with a pathogenic isolate of C. 
gloeosporioides (GCREC culture collec-
tion number 98-285). Negative controls 
were injected with sterile water. Each iso-
late was used to inoculate three plants that 
were incubated on a greenhouse bench at 
24 to 35°C. Isolates that killed two or all 
three plants within 28 days were consid-
ered pathogenic. Each isolate was tested 
two or three times. 

RESULTS 
Treatment comparisons using natu-

rally infected strawberry petioles. Natu-
rally infected, field-grown petioles were 
used in six replicate experiments to com-
pare freeze treatments to a standard 
paraquat treatment for the detection of 
Colletotrichum spp. The overall frequency 
of detection varied markedly from experi-
ment to experiment, as did the distribution 
of species in individual experiments. Mean 
frequency of detection of Colletotrichum 
spp. ranged from 37.5% in experiment one 
to 4.8% in experiment six (Table 1). Not 
surprisingly, experiment was highly sig-
nificant as a factor in the ANOVA (P < 
0.0001). Species were identified in experi-
ments three through six. A mixture of C. 
acutatum and C. gloeosporioides was 
found in experiment three, with C. gloeo-
sporioides predominating. C. acutatum 
was the only Colletotrichum sp. detected 
in experiment four. C. acutatum occurred 
more frequently than C. gloeosporioides in 

experiments five and six. A third species 
with falcate conidia, C. dermatium, also 
was found on one petiole in experiment 
six. In summary, only two species of Col-
letotrichum (i.e., C. acutatum and C. 
gloeosporioides) were identified consis-
tently on petioles from field-grown plants 
in these experiments. 

Both paraquat and freeze treatments sig-
nificantly enhanced the detection of Colle-
totrichum spp. on strawberry petioles (Ta-
ble 1). In contrast, a simple wash-and-rinse 
treatment resulted in the lowest detection 
levels. Colletotrichum spp. were detected 
on 25.6% of the paraquat-treated petioles, 
on average, over the six experiments. De-
tection levels ranged from 12.8 to 20.6% 
among the petiole freeze treatments. How-
ever, four freeze treatments were statisti-
cally equivalent to paraquat (P ≤ 0.05) and 
one that included a rigorous 5-min expo-
sure to NaOCl resulted in significantly 
lower detection frequency. 

There were no significant differences in 
mean frequency of detection of Colleto-
trichum spp. among the five freeze treat-
ments. Four freeze treatments were fol-
lowed by a surface disinfestation step 
ranging in duration from 0.5 to 5 min. Data 
from these four treatments were examined 
in a separate analysis of covariance to 
determine the relationship between the 
time of exposure to NaOCl and frequency 
of detection of Colletotrichum spp. The 
model for this analysis (which included 
experiment as a classification variable and 
time as a covariate) accounted for most 
experimental variance (R2 = 0.8679) and 
was highly significant (P < 0.0001). In 
partitioning the sums of squares, the P 
value for the covariate time was 0.0279, 
indicating a significant linear relationship 
between time of disinfestation (min) and 
the transformed frequency detection of 
Colletotrichum spp. 

Treatment comparisons using inocu-
lated strawberry petioles. Four petiole 
treatments were compared for sensitivity 
of detection using petioles from green-
house-grown plants inoculated with C. 
acutatum. The pathogen was detected at 
relatively low frequency in petioles that 
were washed in a solution of Tween 20 and 
water, but not killed, prior to incubation 

Table 1. Frequency of detection of Colletotrichum spp. on naturally infected strawberry petioles

 Petioles colonized by Colletotrichum spp. (%)x 

Treatmenty Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 6 Meanz 

Paraquat 66.7 30.0 23.3 23.3 10.0  0.0 25.6 a 
Freeze, SD = 0.5 min 40.0 33.3  3.3 20.0  6.7 20.0 20.6 ab 
Freeze, SD = 1.0 min 36.7 20.0  0.0 33.3  6.7 10.0 17.8 ab 
Freeze, wash/rinse 36.7 13.3  6.7 20.0 26.7  0.0 17.2 ab 
Freeze, SD = 2.0 min 43.3 16.7  0.0 13.3 13.3  3.3 15.0 ab 
Freeze, SD = 5.0 min 26.7 30.0  0.0 16.7  3.3  0.0 12.8 b 
Wash/rinse control  0.0  0.0  3.3  0.0  0.0  0.0  0.6 c 
x Thirty petioles were tested per treatment in each of six replicate experiments (exp). 
y Petioles were killed by exposure to 0.3% paraquat or by freezing at –15°C for 1 to 2 h. Some freeze treatments were followed by surface disinfestation

(SD) in 0.525% NaOCl and rinsing. 
z Means followed by the same letter are not significantly different (P ≤ 0.05) according to a Fisher’s protected least significant difference test.  
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(Table 2). Detection levels were improved 
dramatically by freezing or paraquat 
treatments, which rapidly killed the host 
tissues. The paraquat treatment produced 
the highest mean detection frequency in 
both experiments. However, there were no 
significant differences between the para-
quat standard and one freeze treatment in 
the first (P = 0.1277) or second (P = 
0.7880) experiment. This treatment con-
sisted of freezing followed by surface dis-
infestation of the petioles in dilute 
(0.0525%) NaOCl. 

As expected, the frequency of detection 
was related to the concentration of conidia 
in the inoculum used to infect the petioles 
(Table 2). In the first experiment, C. acu-
tatum was detected on all paraquat- and 
freeze-treated petioles previously inocu-
lated with 5 × 104 conidia/ml. This inocu-
lum level was not repeated in the second 
experiment. With one exception, detection 
frequencies were consistently higher in 
petioles inoculated with 5 × 103 conidia/ml 
than in those inoculated with 5 × 102. Even 
at the lower inoculum level, C. acutatum 
was found on more than 66% of the freeze-
treated petioles. This high level of detec-
tion was comparable to petioles treated 
with paraquat. In addition, both methods 
detected background levels of C. acutatum 
in petioles from noninoculated plants. 

Detection of Colletotrichum spp. on 
planting material. Shipments of runner 
plants from four Canadian nurseries were 
tested for latent petiole infections in 1999 
and 2001 using a petiole-freeze method. 
Three of the nurseries sampled in 1999 
were sampled again in 2001. Colleto-
trichum spp. were not detected on petioles 
obtained from any nursery in 1999. In 
2001, C. acutatum was found on 0.5, 2.0, 
and 36.5% of the petioles from three nurs-
eries, but no Colletotrichum spp. were 
detected on petioles from the fourth nurs-
ery. In addition, C. dermatium was found 
on 10.5% of the petioles from the nursery 
with 2.0% incidence of C. acutatum. 
Among the 200 plants sampled from the 

nursery with the highest colonization rate 
(i.e., with C. acutatum detected on 36.5% 
of the petioles) four petioles with con-
spicuous anthracnose-like lesions were 
found. These diseased petioles were fro-
zen, thawed, and surface disinfested for 2 
min in 0.0525% NaOCl without subse-
quent rinsing. After 4 to 5 days of incuba-
tion, C. acutatum sporulated profusely in 
the lesions of two of these petioles. 

Pathogenicity tests. Petiole isolates of 
C. gloeosporioides were screened for 
pathogenicity by inoculating the crowns of 
strawberry plants in replicated greenhouse 
tests. Eight of nine isolates from an un-
treated block of Camarosa plants were 
nonpathogenic in these tests (Table 3). One 
isolate gave inconsistent results in two 
tests, but was pathogenic in a third test. In 
contrast, seven of eight isolates from 
strawberry cultivars and crosses in a plant 

breeder’s nursery were consistently patho-
genic in both tests. In each test, plants 
injected with sterile water remained 
healthy, whereas those injected with a 
pathogenic isolate of C. gloeosporioides 
usually were killed within 4 weeks of in-
oculation. 

DISCUSSION 
Colletotrichum spp. can be detected and 

tentatively identified on latently infected 
strawberry plants in 5 to 7 days using a 
petiole-freeze method. The sensitivity of 
this method was statistically equivalent to 
the paraquat standard in all of our experi-
ments. Using the petiole-freeze method, C. 
acutatum and C. gloeosporioides were 
detected on healthy petioles taken from 
strawberry plants grown under commercial 
conditions in Florida. However, C. acu-
tatum and C. dermatium, but not C. gloeo-

Table 2. Frequency of detection of Colletotrichum acutatum on strawberry petioles 7 days after inoculation

 Petioles infected with C. acutatum at specified inoculum level (%)w 

Petiole treatmentx 5 × 104 5 × 103 5 × 102 5 × 101 Control Mean Proby 

Experiment 1        
NaOCl (0.525%), rinse, paraquat 100.0 a 100.0 a 80.0 a … 26.7 a 76.7 Ref 
Freeze, NaOCl (0.525%), rinse 100.0 a  90.0 a 66.7 a …  3.3 b 65.0 0.0048 
Freeze, NaOCl (0.0525%) 100.0 a  90.0 a 73.3 a … 16.7 a 70.0 0.1277 
Water wash  56.7 b  10.0 b 13.3 b …  0.0 b 20.0 0.0001 

Experiment 2        
NaOCl (0.525%), rinse, paraquat … 100.0 a 90.0 a 10.0 b 23.3z 55.8 Ref 
Freeze, NaOCl (0.525%), rinse … 100.0 a 76.7 a  3.3 bc 10.0 47.5 0.0406 
Freeze, NaOCl (0.0525%) … 100.0 a 73.3 a 36.7 a  6.7 54.2 0.7880 
Water wash …  23.3 b  0.0 b  0.0 c  0.0  5.8 0.0001 

w In each experiment, 30 petioles were tested per treatment and inoculum level in groups of 10 petioles each. Inoculum level in conidia/ml. Control plants
were treated with sterile water. Separate analyses of variance were performed for each inoculum level in each experiment. Within an experiment, means in
a column followed by the same letter are not significantly different according to a Fisher’s protected least significant difference test (P ≤ 0.05). 

x Petioles were killed by exposure to 0.3% paraquat or by freezing for 1 to 2 h at –15°C, but were not killed in the water wash treatment. Sodium hypochlo-
rite (NaOCl at 0.525 or 0.0525% concentration) was used for surface disinfestation. 

y Dunnett’s test probabilities that the least square treatment means are the same as the (reference) paraquat treatment mean. 
z The analysis of variance F test was not significant; multiple means comparisons are not presented.  

Table 3. Pathogenicity of Colletotrichum gloeosporioides isolates from strawberry petioles in green-
house inoculation tests 

 Number of dead plantsx  

Source, isolatey Test 1 Test 2 Test 3 Pathogenicityz 

Camarosa block 0 0 … – 
98-16 0 0 … – 
98-17 0 0 … – 
98-18 0 0 … – 
98-19 0 0 … – 
98-20 0 0 … – 
98-22 2 0 0 – 
98-23 0 0 … – 
98-24 3 0 2 + 
98-25 0 0 … – 

Breeder nursery     
99-8 3 3 … + 
99-9 0 0 … – 
99-10 3 3 … + 
99-11 3 3 … + 
99-12 3 3 … + 
99-13 3 3 … + 
99-14 3 3 … + 
99-15 3 2 … + 

x Number of plants (out of three/test) that died within 28 days of inoculation. 
y Isolates 98-16 through 98-25 were isolated from strawberry petioles in an unsprayed block of culti-

var Camarosa; isolates 99-8 through 99-15 from unnamed clones in a breeder’s nursery. 
z Isolates that killed two or more plants in two tests were considered pathogenic. 
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sporioides, were detected on strawberry 
transplants produced in Canadian nurseries 
and shipped to Florida strawberry growers 
in 2001. Both C. acutatum and C. gloeo-
sporioides are major pathogens of straw-
berry and numerous other crops, but not all 
isolates of C. gloeosporioides recovered 
from strawberry petioles were pathogenic 
to strawberry in greenhouse tests. 

In the first series of experiments, peti-
ole-freeze treatments were followed by a 
conventional surface disinfestation in 
0.525% NaOCl and a sterile water rinse. 
Surface disinfestation was carried out to 
eliminate possible cross-contamination 
between petioles during processing, and to 
destroy common saprophytes on the peti-
ole surface that could inhibit or obscure 
Colletotrichum spp. For these same rea-
sons, a surface disinfestation step often is 
performed before treating plant material 
with paraquat (2,6,12). In this study, no 
significant differences were detected be-
tween freeze treatments involving different 
intervals of surface disinfestation (Table 
1). However, the length of exposure to 
0.525% NaOCl was negatively correlated 
with the frequency of detection. Therefore, 
if surface disinfestation is carried out, 
relatively short exposure intervals (e.g., 0.5 
to 1 min) are preferable to longer intervals 
for the assay of strawberry petioles. 
Longer exposure periods frequently are 
reported in conjunction with the paraquat 
method (2,6) and should be examined for 
their effects on assay sensitivity. 

In the second set of experiments, the 
concentration of NaOCl was reduced 10-
fold to 0.0525% in one treatment and the 
water rinse step was eliminated. Gindrat et 
al. (12) used the same concentration of 
NaOCl in conjunction with paraquat to 
identify yeasts and filamentous fungi asso-
ciated with healthy wheat leaves. In our 
study, C. acutatum was detected on freeze-
treated petioles surface disinfested in 
0.0525% NaOCl as frequently as on 
paraquat-treated petioles. However, when 
thawed petioles were surface disinfested in 
0.525% NaOCl and rinsed in sterile water, 
C. acutatum was detected at lower fre-
quencies than the paraquat standard. The 
petioles used in these experiments were 
inoculated 7 days before the assay, and 
may have been only superficially colo-
nized by C. acutatum. Presumably, this 
growth would be more susceptible to 
eradication by 0.525% than 0.0525% 
NaOCl. In a related experiment, conidia of 
C. acutatum suspended in 0.0525% NaOCl 
were killed completely within 1 min (data 
not shown). In addition to increasing assay 
sensitivity, the milder surface disinfesta-
tion procedure also should prevent cross-
contamination when multiple petioles are 
processed together. 

Both C. acutatum and C. gloeo-
sporioides were detected on petioles taken 
from established strawberry plants grow-
ing under field conditions in Florida. In 

contrast, C. acutatum, but not C. gloeo-
sporioides, was detected on petioles of 
transplants from Canadian nurseries. These 
findings are in agreement with the ecologi-
cal characteristics of the two species. C. 
acutatum produces more conidia and has a 
shorter latent period at lower temperatures 
than C. gloeosporioides (18) and may be 
better adapted to mild summer conditions 
in Canadian nursery areas. Members of the 
C. gloeosporioides species aggregate in-
fect an extremely wide range of hosts (9), 
many of which are restricted to tropical 
and subtropical habitats. This study sup-
ports the argument that anthracnose fruit 
rot epidemics commonly develop from 
planting material infected by C. acutatum 
in the nursery. Outbreaks of anthracnose 
crown rot caused by C. gloeosporioides or 
C. fragariae also may develop from in-
fected planting materials (17,25). Our 
failure to detect these fungi on northern 
nursery plants may be related to sample 
size (i.e., only four nurseries were sampled 
over two seasons) or tissue specificity 
(e.g., a tendency for infections to develop 
more frequently in crowns than on peti-
oles). However, C. gloeosporioides was 
detected readily on petioles of Florida-
grown strawberry plants, and both species 
reportedly produce anthracnose lesions on 
strawberry petioles (4,31). Native popula-
tions of C. gloeosporioides on non-straw-
berry hosts should not be overlooked as 
possible sources of inoculum for anthrac-
nose crown rot of strawberry (24). 

Treated petioles typically were observed 
after 5 to 7 days of incubation. This inter-
val permitted Colletotrichum spp. to grow 
without being obscured by mycelium of 
saprophytic fungi. In experiments utilizing 
petioles from field-grown strawberry 
plants, spherical pubescent structures oc-
casionally were found interspersed among 
acervuli of C. gloeosporioides (34). When 
incubated for an additional 5 to 7 days, 
these structures produced ascospores and 
were identified as perithecia of G. cingu-
lata (15,40). Single ascospores isolated 
from these perithecia produced typical 
colonies of C. gloeosporioides on PDA. 
This is the first report of G. cingulata oc-
curring naturally on strawberry plant mate-
rial, and suggests that sexual recombina-
tion of C. gloeosporioides populations 
may occur in Florida strawberry fields. 

The freeze method eliminates the need 
for handling paraquat in the laboratory and 
provides an alternative for detecting latent 
infections of Colletotrichum spp. on straw-
berry plants. Freezing has been used to 
monitor survival of C. acutatum on inocu-
lated strawberry leaves (19) and to detect 
latent infections of Monilinia fructicola on 
immature stone fruit (27). Additional stud-
ies are needed to determine if other species 
of Colletotrichum and other genera of 
plant-pathogenic fungi can be detected by 
this method. Alternaria spp., Fusarium 
spp., and Phomopsis obscurans grew out 

of freeze-treated strawberry petioles during 
our study, suggesting that these genera 
could be detected by freezing. However, 
Botrytis cinerea seldom was found, even 
though this pathogen is readily detected on 
paraquat-treated strawberry leaves (35) and 
grape berries (12). Freezing should be 
compared with paraquat for each host–
pathogen combination of interest to deter-
mine which provides the best assay.  
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