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Occurrence of anthracnose fruit rot caused by 
Colletotrichum acutatum on day-neutral strawberries in 
Manitoba 

AG. Xue and C.G. Davidson1 

Anthracnose fruit rot of strawberry, caused by Col/etotrichum acutatum, was observed in August, 1994 in 
a strawberry cultivar yield trial at Morden, Manitoba. The disease was found on five day-neutral cultivars. 
Incidence of fruit rot ranged from 11 % on cv. Seascape to 82% on Fern. The pathogen may have been 
introduced via transplants imported from California as this disease has not been previously detected in 
commercial strawberry fields in Manitoba. This is the first official report of C. acutatum on strawberry in 
Canada. 

L'anthracnose de la pourriture de la fraise, causee par Colletotrichum acutatum, a ete observee en aoOt 
1994 dans un essai de rendement d'un cultivar de fraise a Morden, au Manitoba. Cinq cullivars 
insensibles a la photoperiode etaient atteints de la maladie. L'incidence de la pourriture de la fraise va 
de 11 % chez cv. Seascape a 82 % chez Fern. Le pathogene aura pu etre transmis par des plants 
importes de la Californie etant donne que cette maladie n'a pas ete detectee prealablement dans les 
champs commerciaux de fraises au Manitoba. II s'agit du premier rapport officiel sur C. acutatum des 
framboises du Canada. 

Introduction 

Strawberry (Fragaria X ananassa Duchesne) is an important 
horticultural crop in Manitoba with an annual farm gate value 
of $3 million (1). The majority of the strawberries grown in 
Manitoba are June-bearing cultivars harvested by farmers 
and growers for roadside stands and local fresh markets, or 
by individuals for home use. Growers are interested in the 
introduction of day-neutral strawberries which have the 
potential to increase the production acreage and to make 
fresh strawberries available throughout the growing season. 

Anthracnose fruit rot, caused by Co/letotrichum acutatum 
Simmonds, has been reported on strawberry in Australia 
and New Zealand (6), England (3) and the United States (4). 
The fungus may also cause lesions on petiole and runners, 
crown rot and wilt of strawberry plants (4,5). Anthracnose 
fruit rot was observed for the first time in Manitoba in cultivar 
evaluation trials at Morden, in August 1994. Severe fruit rot 
of day-neutral cultivars had occurred within 5 wk after it was 
first noted. This report shows the progression of 
anthracnose disease in the naturally infected strawberry 
field plots and the disease response of several day-neutral 
cultivars in yield trials. 

Materials and methods 

Five day-neutral strawberry cultivars were examined for 
their reactions to anthracnose caused by C. acutatum in two 
separate field trials at Morden during the 1994 growing 
season. The two trials were planted on a clay loam soil at 
the Morden Research Centre, Manitoba, Canada, using 

certified virus-free transplants imported from California. For 
trial 1 the cultivars Fern, Tristar, Tribute and Hecker were 
planted in May 1992, and for trial 2 the cultivars Fern, 
Tristar, Hecker and Seascape were planted in May 1993. 
The cultivars were planted in a matted-row system in 2.0 m 
rows with 2.0 m between rows. The single rows of each 
cultivar were randomized in each of five replicate blocks in 
trial 1 and four replicate blocks in trial 2. Ripe fruit were 
hand-picked and counted at 3 day intervals starting 17 June 
1994. Diseased fruit were observed in August 1994 and 
were harvested from 13 September to 23 September, the 
end of fruiting season. At each of these harvests the ripe 
healthy fruit and diseased fruit were collected separately 
and the number in each category was recorded for each 
plot. Data were analyzed by analysiS of variance using SAS 
statistical programs (2). Treatment means were separated 
by the least significant difference (LSD) test or by student's t 
test at a probability level of 0.05. 

Results and discussion 

Anthracnose rot symptoms were first observed on fruit 
during the 2 August 1994 harvest. These early infections 
appeared as small, irregular, tan or light brown, water
soaked lesions. By 7-10 August the lesions had become 
circular, dark brown and sunken (Fig. 1a). The symptoms 

Agriculture and Agri-Food Canada, AgriFood Diversification 
Research Centre, Unit 100-101 Route 100, Morden, Manitoba, 
Canada R6M 1Y5. 
Accepted for publication, July 15, 1995. 
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were observed on both green and ripe fruit. About three 
weeks after the early infections were observed the affected 
fruit were firm dry, and mummified (Fig. 1b). 

Isolations from rotted fruit on potato-dextrose agar (PDA) 
consistently yielded C. acutatum. The fungus produced 
aseptate conidia in culture and on diseased fruit. The growth 
rate in culture at 30°C and characteristics of the colony (Fig. 
2a), the lack of setae on PDA and fruit, and conidial shape 
and size (Fig 2b) were consistent with those described in 
systematics (5). The identity of C. acutatum was verified by 
Dr. B. J. Smith at the USDA, Small Fruit Research Station, 
Poplarville, Mississippi. Using the inoculation method 
described by Smith and Black (4) and identified cultures, 
C. acutatum was confirmed as the etiologic agent of the fruit 
rot by verifying Koch's postulates. 

By 12 September the extent of fruit rot among the cultivars 
used in each trial was estimated to be 10 to 50%. The 
incidence increased from day to day after a heavy rainfall 
(76 mm) on 3 and 4 September. Significant differences were 
found in the incidence of anthracnose fruit rot among the 
four cultivars in each trial. Tristar fruit had the lowest 
incidence of rot in trial 1 (28.2%) and the second lowest in 
trial 2 {13.3'10}. Seascape was not used in trial 1, but its fruit 
showed the lowest incidence of rot in trial 2 (12.7%). The 
level of fruit rot infection of Tribute fruit (53.7'10) was 
moderate compared to that of the other cultivars used in trial 
1. Fem and Hecker were the most susceptible cultivars, with 
fruit rot in excess of 55% in both trials (Table 1). 

For each of the three cultivars tested in both trials the 
disease incidence was significantly greater in trial 1 (Table 
1). This may have been due to an increase in inoculum 
during the first year for plants in trial 1. The source of 
C. acutatum inoculum is uncertain. It may be an indigenous 
pathogen in the field plots or it may have been introduced 
on the day-neutral transplants from California. 

In both trials, the incidence of fruit rot increased on all 
cultivars over the 11-day assessment period (Fig 3). The 
incidence of fruit rot, averaged for Fern, Hecker and Tristar, 
increased from 61% to 68% in trial 1 and from 36% to 62% in 
trial 2. The rapid increase in fruit rot incidence over the 11-
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day period in trial 2 suggests that the disease can be very 
destructive once infection is established or inoculum build up. 

Anthracnose fruit rot, caused by C. acutatum, has not been 
detected previously in commercial strawberry fields in 
Manitoba, nor elsewhere in Canada. We suspect that the 
pathogen was introduced on imported transplants. Since 
C. acutatum likely will survive over winter on plant debris 
and mummified fruits in the field, the pathogen may become 
more widespread in the 1995 crop unless controls are put in 
place. Measures to prevent further spread and to eradicate 
the pathogen may become necessary in day-neutral 
plantings, including burning of plant debris, destroying older 
plantings by deep plowing, and rotating crops. 
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Fig. 1. Symptoms of anthracnose fruit rot of strawberry caused by Colletotrichum acutatum: (A) Infected fruits in the 
field. (B) Comparison of healthy berry (left) and infected berries (middle and right). 
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Fig. 2. Colletotriehurn aeutaturn isolated from infected strawberry fruits; (A) Seven day old cultures on PDA under 
continuous fluorescent light following a 3-mm mycelial agar disc transfer; upper colony surface (left) and lower 
colony surface (right). (B) Conidia; scale bar 101lm. 
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Fig. 3. Development of anthracnose fruit rot in strawberry caused by Col/etotrichum acutatum during 
September 1994 at Morden, Manitoba. Each point represents the mean of five replicate plots in Trial 
1 and four replicate plots in Trial 2. 

Table 1. Mean incidence of anthracnose fruit rot caused by Col/etotrichum acutatum on day-neutral strawberries at 
Morden, Manitoba in 1994. 

Trial1H* Trial 2** Contrast in fruit rot 

No. fruits % rotted No. fruits % rotted Trial 1 VS. Trial 2 

Cultivar harvested fruits harvested fruits Difference 

Fern 693 88.6 a 131 69.6 a 19.0 8.8 

Hecker 390 75.0 a 101 55.5 a 19.5 6.8 

Tristar 611 28.2 c 117 13.3 b 14.9 11.4 

Tribute 498 53.7 b NA NA 

Seascape NA*** NA 71 12.7 b 

* Trial 1 with five reps and trial 2 with four reps were established in 1992 and 1993, respectively. 
" Means in the same column followed by the same letter are not significantly different at P = 0.05 using LSD test. 
-.. Seascape was not used in trial 1, Tribute was not used in trial 2. 

P > t 

0.02 

0.03 

0.01 
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pythium root rot associated with cool-season dieback of 
turfgrass in Ontario and Quebec 

T. Hsiang, C. Wu, L. Yang and L. Uu 1 

Pythium species were isolated from diseased samples of creeping bentgrass and annual bluegrass. 
Among fourteen isolates from decayed roots and crowns, seven were P. graminicola, five were 
P. torulosum and two were P. ultimum. These species were identified by comparison of cultural and 
morphological characteristics to literature and reference isolates. In a tissue culture plate assay for 
quantifying virulence of Pythium spp., significant differences in seedling emergence were found among 
isolates. In general, isolates produced more severe root rot on perennial ryegrass than on creeping 
bent grass, and isolates of P. ultimum were more virulent than those of P. graminicola or P. torulosum. 
Furthermore, greater virulence was generally found at 15°C than at 30 "C. Virulence differences were 
confirmed in greenhouse pot tests. Oospores and sporangia were recovered from inoculated 
symptomatic samples. We conclude that Pythium species are a cause of cool-season dieback of golf 
course turfgrass in Ontario and Quebec. 

Des especes Pythium ont ete isolees a partir d'echantillons d'agrostides stoloniferes et de paturins 
annuels. Sur quatorze souches proven ant de racines et de couronnes pourries, sept etaient de type 
P. graminicola, cinq de type P. torulosum et deux de type P. ultimum. Ces especes ont ete identifiees 
en comparant leurs caracteristiques culturales et morphologiques a des souches documentees. Dans Ie 
cadre d'une bioanalyse de culture tissulaire de Pythium spp. sur plaque de gelose, des differences 
importantes dans I'emergence des semis ont ete observees entre les souches. En general, les souches 
produisent un pourridie plus severe sur Ie ray-grass vivace que sur I'agrostide tra9ante. Les souches de 
P. ultimum etaient plus virulentes que celles de P. graminicola ou P. torulosum. De plus, une plus 
grande virulence a ete remarquee a 15 "C qu'a 30 "C. Les differences dans la virulence ont ete 
confirmees lors de tests effeclues en serre. Les oospores et sporanges ont ete retrouves dans les 
echantillons auxquels on a inocule les symptomes. Nous en sommes arrives a la conclusion que les 
especes Pythium proliferent au moment ou Ie gazon dans les terrains de golf du Quebec et de l'Ontario 
deperit a cause du temps qui se refraidit. 
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Introduction 

There is a dieback disease of lawns, golf courses and other 
intensively cultivated turfgrass areas that occurs during the 
cool season. In regions near the Great Lakes, turf managers 
report that this dieback is most common during cool wet 
weather in spring and fall, and is characterized by either a 
diffuse blighting or yellowing of turf in small patches. Recent 
research has indicated that Pythium species causing root 
rot of grasses may play an important role in this dieback 
(Abad et al. 1994; Nelson and Craft, 1991). 

1980; Hodges et al. 1985; Hodges, 1992; Hodges and 
Campbell, 1994); P. dissimile, P. irregulare, P. splendens, 
and P. violae in Australia and Finland (Dewan et al. 1988; 
Vestberg, 1990); and P. graminicola, P. periptocum and 
P. vanterpoolii in Japan (Ichitani, 1986). 

Pythium species have been identified as causal agents of a 
foliar cottony blight on turfgrasses (Muse et al. 1974; 
Saladini, 1980; Saladin; et al. 1983; Smiley et al. 1992). 
Vanterpool (1942) reported that Pythium species also were 
associated with root rot of grasses and subsequently, many 
Pythium species have been cited as causing root rots of 
grasses including P. aphanidermatum, P. aristosporum, 
P. arrhenomanes, P. myriotylum and P. torulosum which 
were reported in the United States ( Endo, 1961; Kraft et al. 
1967; Hendrix et al. 1970; Saladini et al. 1976; Saladini, 

Over the past few years Pythium root rot has been 
recognized as a serious disease of turfgrasses in high 
maintenance plantings in the United States. Nelson and 
Craft (1991) in New York showed that several species of 
Pythium isolated from creeping bentgrass (Agrostis palustris) 
and annual bluegrass (Poa annual were pathogenic when 
inoculated onto creeping bentgrass and perennial ryegrass 
(Lotium perenne). Their results suggest that two of the 
important species are P. graminicola, which was the most 
virulent species, and P. torufosum, which was the most 
common species. Abad et al. (1994) isolated Pythium 
species from roots and crowns of bentgrass and other 
turfgrass species and reported that the predominant ones 
were P. arrhenomanes, P. ca ten ula tum, P. intermedium, 

Department of Environmental Biology, University of Guelph, 
Guelph, Ontario N1G 2W1. 
Accepted for publication, July 16,1995. 
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P. oligandrum, P. periilum, P. torulosum and P. vanterpoolii. 
They collected 264 turfgrass isolates of 33 Pythium species 
in North Carolina over 2 years, and found 8 highly virulent 
and 9 moderately virulent species. 

Cool weather dieback problems have been observed on golf 
courses in regions near the Great Lakes, but north of the 
Great Lakes little is known of the identity of the causal 
organisms or whether Pythium species are associated with 
root rot of turfgrass. This study was undertaken to determine 
the cause of cool weather dieback in Ontario and Quebec, to 
identify pythium species from turf roots and crowns, and to 
study their pathogenicity. Isolates from New York, North 
Carolina and Virginia, USA were also used in this study. 

Materials and methods 

Recovery and identification of pythium species 

Samples of diseased turfgrass from creeping bentgrass and 
annual bluegrass putting greens were collected from 
different locations in Ontario and Quebec. The diseased 
plants were rinsed thoroughly under running tap water. The 
roots and crowns were cut into 1-3 cm long pieces, and dried 
on paper towels. The tissue pieces were placed in petri 
dishes on the surface of Pythium-selective corn meal agar 
media (CMA) amended with 10 mg pimaricin, 200 mg 
vancomycin and 100 mg pentachloronitrobenzene per litre 
following Tsao and Ocana (1969). After 48-72 hours at 20-
25°C, emerging hyphal tips at the colony margin were 
transferred to fresh unamended CMA media, and incubated 
at room temperature. Only 1 isolate per sample was retained 
(Table 1). 

To induce formation of asexual and sexual reproductive 
structures, one plug (5 mm diameter) from a colony growing 
on amended or unamended CMA was placed on a fresh 
water agar (WA) plate. Several 2-4 cm long pieces of 
autoclaved creeping bentgrass leaves were placed in 
contact with the plug. The inoculated plates were incubated 
in the dark at 22-25°C. Sporangia, oogonia, antheridia and 
oospores were observed during 4 to 10 days of incubation. 
Identification to species was based on the monograph of 
Plaats-Niterink (1981). Reference isolates of Pythium 
species from three laboratories (Table 1) served as 
standards to confirm the identifications. We are grateful for 
the New York state isolates provided by E. Nelson (Cornell 
University, Ithaca, New York), North Carolina and Virginia 
isolates from L. Lucas (North Carolina State University, 
Raleigh, North Carolina) and the Quebec isolates from R. 
Belanger (University of Laval, Quebec City, Quebec). 

Pathogenicity and virulence tests 

The procedure described by Nelson and Craft (1991) was 
used to assay pathogenicity and virulence of Pythium 
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isolates. Tissue culture plates with 24 wells (16-mm diam) 
were used in the assays. Sterilized fine sand (0.5 g) was 
added to each well. An agar disk (5-mm diam) cut from the 
edge of a growing culture was then placed on the sand, and 
covered by an additional 2.5g of sand. Each well was 
watered (0.75 mL) and seeded with creeping bentgrass 
(A. palustris) or perennial ryegrass (L. perenne), and another 
0.5 g of sand was layered over the seeds. Wells also were 
inoculated with CMA plugs as control treatments and with 
other pathogenic isolates from other sources (Table 1). The 
plates were all enclosed in a plastic box Ii ned with moistened 
paper towelling and incubated at either 15°C or 30°C under 
constant light. After 4 days, the wells were rated on a scale 
of 0 to 5 (Nelson and Craft 1991) where 0 = no disease and 
5 seedlings necrotic or not emerged. The experiment was 
arranged in a randomized complete block design with three 
replicates. An analysis of variance with SAS® version 6.04, 
procedure ANOVA at p=0.05, was used to estimate 
significant differences among the treatments. When 
significant treatment effects were found, separation of 
means was done by the test of Least Significant Difference 
(LSD, p:0.05). 

The procedures of Nelson and Craft (1991) for assaying 
pathogenicity of Pythium isolates in a greenhouse were 
modified to test our isolates. Creeping bentgrass was grown 
for two to three weeks in a mixture of Pro-Mix, Turface and 
Perlite (1:1:1) in lO-cm diam plastic pots. Pythium inoculum 
of the isolates tested (Table 1) was prepared by incubating 
cultures in moistened sterilized chicken scratch (mixed 
grains from Waterloo-Oxford Cooperative) for 2 to 3 weeks 
at room temperature. For inoculation, the plants were lifted 
from the pots, and the roots and soil were cut horizontally 1 
2 cm below the surface. The lower part of the root mass plus 
soil was returned to the pot, 3-4 cm2 of inoculum was spread 
on the surface, and sod replaced over the inoculum, After 
two weeks of daily watering, the root systems of 
symptomatic turf were examined for the presence of 
sporangia and oospores. Four root samples per pot were 
plated onto the amended CMA media to attempt recovery of 
the inoculated isolates, and thus complete Koch's 
postulates, The greenhouse tests were arranged in a 
randomized complete block design with three replicates. 
Data was analyzed statistically by the same method used for 
the tissue culture plates assays. 

Results and discussion 

Pythium species isolated from roots and crowns of 
turfgrass 

Single isolates of Pythium were recovered on selective 
amended CMA medium from each of 14 samples of decayed 
roots and crowns of turfgrass from Ontario and Quebec 
(Table 1). Pythium graminicola was isolated from 7 samples, 
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P. torulosum from 5 and P. ultimum from 2. Diseased tissues 
from 7 other sites in Ontario were free of Pythium after 2-5 
days of incubation on the amended CMA media. The 
anthracnose pathogen (Colletotrichum graminicola), which is 
suspected to be a cause of cool-season die back (personal 
communications with J. Skorulski, United States Golf 
Association, Palmer, Massachusetts and E. Nelson, Cornell 
University, Ithaca, New York,) was not observed on 
incubated tissues. 

Morphological identification of Pythium species 

Sporangium formation among isolates occurred usually 
within 2-3 days on grass leaves in contact with the cultures, 
and most isolates produced abundant oospores on the 
leaves within 10 days. Zoospores were occasionally 
observed in grass agar cultures at 22-25°C. Pythium 
graminicola produced inflated sporangia that were branched, 
forming irregular toruloid complexes. Pythium torulosum also 
produced inflated sporangia, but these were tuberous with 
branched swellings. Both species produced plerotic 
oospores; however oospores of P. graminicola were much 
bigger than those of P. torulosum. The size and shape of 
sporangia, oogonia, antheridia and oospores of P. ultimum 
isolated from turf roots were in agreement with the 
descriptions in the literature (van der Plaats-Niterink, 1981) 
and were similar to the confirmed isolates obtained from 
other laboratories. 

Virulence of pythium species to creeping bentgrass and 
perennial ryegrass in culture 

Symptoms induced by Pythium species in tissue culture 
plate assay included mainly necrotic roots and lack of 
seedling emergence. During the course of this experiment, 
there was no evidence of cross contamination among wells. 
Control wells, scattered between the inoculated wells, 
showed no signs of disease. After the conclusion of the 
experiment (10 days), mycelium was observed to cross 
between wells. Symptoms induced by Pythium isolates in the 
greenhouse experiment showed chlorosis of the foliage, 
followed by wilting and necrosis of individual plants. In 
advanced stages, individual plants matted together on the 
surface of the pots to form necrotic clumps of turf. In both 
experiments, roots were extensively discoloured and 
sporangia and oospores were found in the cortex of 
diseased roots. The Pyfhium species used to inoculate the 
plants were readily reisolated from the diseased roots. 

All Pythium isolates tested in this study were damaging to 
seeds and seedlings of creeping bentgrass or perennial 
ryegrass (Table 1). Most isolates of P. graminicola and 
P. torulosum were more virulent at 15°C than at 30°C. The 
two Ontario isolates of P. ultimum differed in pathogenicity. 
Significant differences were also found in virulence of 
P. graminicola and P. torulosum on perennial ryegrass and 
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creeping bentgrass, and most isolates produced more 
severe root rot on perennial ryegrass than on creeping 
bentgrass. The virulence in our tests of reference isolates 
from other laboratories showed similar results to those 
previously reported. Compared to virulence levels of 
reference isolates from other laboratories, most of our 
Pythium isolates were moderately to weakly virulent. 

The three Pyfhium species isolated from diseased plants in 
this study, P. graminicola, P. torulosum and P. ultimum, have 
been reported previously as causing foliar diseases of 
turfgrasses (Smith, 1989; van der Plaats-Niterink, 1981). The 
most frequently isolated species in this study was 
P. graminicola. Although P. graminicola is well-known as a 
causal agent of foliar or cottony blight on turfgrass (Ichitani et 
al. 1986; Muse et al. 1974; Saladini et al. 1976, 1983), it was 
not until 1991 that the role of this species as a root-rotting 
pathogen of turfgrass was definitely confirmed through 
comparative pathogenicity tests by Nelson and Craft (1991) 
and later by Abad et al. (1994). Nelson and Craft (1991) 
demonstrated that isolates of P. graminicola could cause root 
infection of both creeping bentgrass and perennial ryegrass 
at both low (13°C) and high (28°C) temperatures. The results 
of present study (Table 1) also affirmed the virulence of most 
Ontario turfgrass isolates of P. graminicola to creeping 
bentgrass (lab and greenhouse) and perennial ryegrass (lab). 

Pythium torulosum was the second most frequent species 
isolated from diseased roots in this study. This species has 
also been reported in many other turfgrass disease surveys 
(Abad, 1990; Endo, 1961; Saladini, 1983; Abad, etal.1994). 
Previous work showed that P. torulosum is weakly virulent 
on creeping bentgrass and avirulent on perennial ryegrass 
(Muse et al. 1974; Saladini, 1983; Abad, et al. 1994; Nelson 
and Craft, 1991); however, some isolates of P. torulosum in 
our study were moderately virulent to creeping bentgrass 
and perennial ryegrass at both low (15°C) and high (30°C) 
temperatures (Table 1). The greenhouse test also supported 
the pathogenicity of P. torulosum to potted creeping 
bentgrass (Table 1). The different findings of the current 
study from other studies indicates that more research needs 
to be done with P. torulosum on turfgrass. 

Two isolates of P. ultimum were recovered, and one of them 
was virulent to perennial ryegrass at both the low and high 
temperatures and virulent to creeping bentgrass at the low 
temperature, whereas the other was virulent to perennial 
ryegrass only at the low temperature but virulent to creeping 
bentgrass at the both low and high temperatures (Table 1). 
This result suggests that P. ultimum may have a high degree 
of pathogenic variability and temperature preferences, but 
with such a small sample more research is needed. 

From this study we conclude that P. graminicola, 
P. torulosum and P. ultimum can cause root rot of turfgrass 
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in Ontario and Quebec. Undoubtedly more Pythium species 
from diseased turfgrass will be found with more extensive 
studies, and there are still some uncertainties about the 
biology and ecology of cool-season dieback of turfgrass. 
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Table 1. Virulence of Pythium species to perennial ryegrass and creeping bentgrass at 15a C and 30°C in tissue culture plates, 
and to creeping bentgrass in greenhouse pots. 

Disease Rating t 

Pythium species Isolate Sources * Perennial Ryegrass Creeping Bentgrass 
number 

15°C 30a C 15a C 30a C Greenhouse 

P. graminicola PRR-6 Schenectady, New York 3.7 4.7 5.0 5.0 5.0 
PRR-9 Ithaca, New York 4.7 3.3 5.0 5.0 5.0 
PRR-42 Rochester, New York 4.3 1.7 5.0 3.0 NT 
94393 Windsor, Ontario 1.7 0.3 4.3 0.7 2.0 
94394 Windsor, Ontario 2.3 0.7 1.3 1.0 1.3 
94077 Allandale, Ontario 3.0 2.3 2.3 0.7 1.3 
94078 Guelph, Ontario 4.0 1.3 2.7 0.3 1.7 
94081 Smiths Falls, Ontario 2.0 2.0 0.7 3.0 2.3 
94083 Lachute, Quebec 2.7 2.7 4.0 2.3 3.3 
94084 Aylmer, Quebec 2.3 2.3 1.7 2.7 2.7 

P. torulosum PRR-1S Ithaca, New York 1.0 2.0 1.0 0.0 1.3 
PRR-3S Ithaca, New York 1.3 1.3 3.3 1.0 NT 
PRR-59 Albany, New York 1.0 1.3 1.0 0.7 0.7 
94079 Smiths Falls, Ontario 2.0 0.7 1.3 1.3 1.7 
94080 Smiths Falls, Ontario 2.3 1.7 2.3 1.3 1.3 
94082 Lachute, Quebec 4.0 2.0 2.7 2.3 2.7 
94085 Janetvilie, Ontario 1.7 1.7 0.7 2.3 2.3 
94086 Janetvilie, Ontario 2.3 1.3 2.7 2.0 2.7 

P. ultimum 94005 Quebec City, Quebec 5.0 4.3 4.7 4.0 NT 
94391 Windsor, Ontario 4.3 3.7 1.3 0.3 1.3 
94392 Windsor, Ontario 3.0 1.0 1.3 3.0 3.7 

P. arrhenomanes 94002 Robinson, Virginia 5.0 5.0 5.0 5.0 NT 
P. aphanidermatum 94001 Catawba Co., N.Carolina 4.0 5.0 3.7 5.0 4.7 

Uninoculated check 0.3 0.3 0.0 0.0 0.3 

LSD (p==0.05)** 1.1 1.1 1.0 1.1 1.1 

Ali isolates from the USA and P. ultimum from Quebec were used as reference isolates. 
t Tissue culture plates at both 15 and 30D C were rated 7 days after inoculation, and greenhouse pots were rated 3 weeks 

after inoculation on a scale of 0-5, where O=healthy and 5=100% chlorotic or necrotic turf. 
NT Not tested. 
** LSD (Least Significant Difference) tests were conducted after finding significant treatment effects in the Analysis of 

Variance (p==0.05). 





Canadian Plant Disease Survey 75:2, 1995 197 

Author Index to Volume 751 Index des auteurs (volume 75) 

Alain, D. Diseases of wheat in Quebec in 1994 130 

Anderson, K. (see Gossen, B.D. and Anderson, K.) 166 

Anderson, T.R. and Garton, R. Phytophthora capsici isolated from 
pepper and squash in Ontario 179 

Bailey, K.L., Duczek, L.J., Kutcher, H.R. and Buckley, H.L. 
Saskatchewan cereal root disease survey, 1994 122 

Bains, P.S. (see Bisht, V.S., Bains, P.S., Howard, R.J., Letal, J.R., 
Briant, M.A., Sims, S.M., Penner, B.J. and Chycoski, C.I.) 
171 

Bains, P.S. (see Lange, R.M. and Bains, P.S.) 180 

Barr, D.J.S. (see Haber, S., Barr, D.J.S. and Platford, R.G.) 115 

Bisht, V.S., Bains, P.S., Howard, R.J., Letal, J.R., Briant, M.A., 
Sims, S.M., Penner, B.J. and Chycoski, C.1. Late blight of 
potato in Alberta - 1994 171 

Briant, MA (see Bisht, V.S., Bains, P.S., Howard, R.J., Letal, J.R., 
Briant, M.A., Sims, S.M., Penner, B.J. and Chycoski, C.I.) 
171 

Briant, M.A. (see Howard, R.J., Briant, M.A. and Sims, S.M.) 
153,182 

Buckley, H.L. (see Bailey, K.L., Duczek, L.J., Kutcher, H.R. and 
Buckley, H.L.) 122 

Burnett, P.A. (see Orr, D.o. and Burnett, PA) 112 

Calpas, J. (see Harrison, L.M., Kharbanda, P.D., Stevens, R.R. and 
Calpas, J.) 135 

Calpas, J. (see Penner, B.J., Calpas, J., Henrickson, A, Lawrence, 
S. and Voroney, W.) 68 

Chang, K.F. (see Hwang, S.F., Deneka, 8., Turnbull, G., Chang, 
K.F., Lopelinsky, K., Piquette, K., deMeilliano, E. and 
Park, B.) 151 

Chang, K.F. (see Hwang, S.F., Howard, R.J., Chang, K.F., Park, B., 
Lopetinsky, K. and McAndrew, D,W.) 51 

Chong, J. Crown rust of oat in western Canada in 1994 120 

Chycoski, C.1. (see Bisht, V.S., Bains, P.S., Howard, R.J., Letal, 
J.A., Briant, M.A., Sims, S.M., Penner, B.J. and Chycoski, 
C.I.) 171 

Clark, M. (see Sturz, AV. and Clark, M.) 109 

Clear, A.M. and Patrick, S.K. Frequency and distribution of 
seedborne fungi infecting canol a seed from Ontario and 
western Canada - 1989 to 1993 9 

Comeau, A (see Couture, L., Dubuc, J.-P. and Comeau, A) 128 

Coulman, B. (see Gossen, B.D., Kaminski, DA and Coulman, B.) 
164 

Couture, L., Dubuc, J.-P. and Comeau, A. Occurrence of 
contamination of wheat grain by the orange wheat midge and 
seed microflora in Quebec 128 

Couture, L. and Levesque L. Outline of disease of oats in Quebec 
in 1994 121 

Davidson, C.G. (see Xue, A.G. and Davidson, C.G.) 185 

deMeilliano, E. (see Hwang, S.F., Deneka, B., Turnbull, G., 
Chang, K.F., Lopetinsky, K., Piquette, K., deMeilliano, E. and 
Park, B.) 151 

Delbridge, R,W. (see Hildebrand, P.D. and Delbridge, R.W.) 170 

Deneka, B. (see Hwang, S.F., Deneka, B., Turnbull, G., 
Chang, K.F., Lopetinsky, K., Piquette, K., deMeiliiano, E. and 
Park, B.) 151 

Dubuc, J-P. (see Couture, L., Dubuc, J.-P. and Comeau, A.) 128 

Duczek, L.J. (see Bailey, K.L., Duczek, L.J., Kutcher, H.R. and 
Buckley, H.L.) 122 

Dykstra, M.D. (see Sabourin, M. and Dykstra, M.D.) 90 

Elmhirst, J.F. and Joshi, V. Diseases diagnosed on commercial 
crops submitted to the British Columbia Plant Diagnostic 
Laboratory in 1 994 59 

Erickson, A.S. (see Huang, H.C. and Erickson, R.S.) 162 

Erickson, R.S. (see Huang, H.C., Saindon, G. and Erickson, R.S.) 
131 

Evans, I. A. , Kharbanda, P.D. and Harrison, L. Blackleg of canola 
survey in Alberta 1994 136 

Fang, J. and Platford, R.G. Distribution, prevalence and incidence 
of canola disease in Manitoba in 1994 145 

French, M. (see Morrall, R.A.A., Reed, M., Paisley, J. and 
French, M.) 150 

Garton, R. (see Anderson, T.R. and Garton, R.) 179 

Gilbert, G. (see Lacroix, M., Gilbert, G. and Hamel, D.) 98 

Gilbert, J. (see Tekauz, A, Gilbert, J., Mueller, E., Kaethler, R. and 
Kromer, U.) 113 

Gilbert, J., Tekauz, A., Kaethler, R., Mueller, E. and Kromer, U. 
Leaf spot diseases of spring wheat in Manitoba in 1994 126 

Gilbert, J., Tekauz, A, Kaethler, R., Mueller, E. and Kromer, U. 
Occurrence of fusarium head blight in Manitoba in 1994 124 

Gossen, B.D. and Anderson, K. Survey of Botrytis cinerea in alfalfa 
seed in Saskatchewan and Manitoba, 1993 166 

Gossen, B.D., Kaminski, D.A. and Coulman, B. Surveys for 
verticillium wilt of alfalfa under irrigation in Saskatchewan, 
1991-94 164 

Gugel, R.K. (see Thomson, J.R., Kaminski, D.A., Morrall, RAA 
and Gugel, R.K.) 137 

Haber, S., Barr, D.J.S. and Platford, R.G. Flame chlorosis in 
Manitoba in 1 994 115 



198 

Hamel, D. (see Lacroix, M., Gilbert, G. and Hamel, D.) 98 

Harder, D.E. Stem rusts of cereals in western Canada in 1994 117 

Harrison, L.M. (see Evans, I.R., Kharbanda, P.D. and 
Harrison, L.M.) 136 

Harrison, L.M. Occurrence of endophytic fungi in tall fescue 
cultivars in the Peace region in 1993 and 1994 168 

Harrison, L.M., Kharbanda, P.D., Stevens, A.R. and Calpas, J. 
Spread and distribution of virulent blackleg of canola in the 
Peace River region of Alberta in 1994 135 

Henrickson, A. (see Penner, B.J., Cal pas, J., Henrickson, A., 
Lawrence, S. and Voroney, W.) 68 

Hildebrand, P.D. and Delbridge, R.W. Race survey of 
Plasmodiophora brassicae in Nova Scotia 170 

Howard, R.J. (see Bisht, V.S., Bains, P.S., Howard, R.J., 
Letal, J.R., Briant, M.A., Sims, S.M., Penner, B.J. and 
Chycoski, C.I.) 171 

Howard, R.J. (see Hwang, S.F., Howard, R.J., Chang, K.F., 
Park, B., Lopetinsky, K. and McAndrew, D.W.) 51 

Howard, R.J., Briant, MA and Sims, S.M. Pea root rot survey in 
southern Alberta in 1994 153 

Howard, R.J., Briant, MA and Sims, S.M. Saskatoon leaf and berry 
spot survey in south-central Alberta in 1994 182 

Hsiang, T., Wu, C., Yang, L. and Liu, L. Pythium root rot associated 
with cool-season die back of turfgrass in Ontario and Quebec 
191 

Huang, H.C. and Erickson, R.S. Survey of verticillium wilt of alfalfa 
in southern Alberta in 1994 162 

Huang, H.C., Saindon, G. and Erickson, R.S. Survey of diseases of 
dry bean in southern Alberta in 1994 131 

Hwang, S.F., Deneka, B., Turnbull, G., Chang, K.F., Lopetinsky, K., 
Piquette, K., deMeiliiano, E. and Park, B. Root rot disease 
survey in northeastern and northwestern Alberta in 1994 151 

Hwang, S.F., Howard, R.J., Chang, K.F., Park, B., Lopetinsky, K. 
and McAndrew, D.W. Screening of field pea cultivars for 
resistance to fusarium root rot under field conditions in 
Alberta 51 

Jesperson, G. D. 1994 Canola blackleg survey in the BC Peace 
River region 134 

Johnston, HW. (see Martin, R.A and Johnston, H.W.) 118 

Joshi, V. (see Elmhirst, J.F. and Joshi, V.) 59 

Kaethler, R. (see Gilbert, J., Tekauz, A, Kaethler, R., Mueller, E. 
and Kromer, U.) 124,126 

Kaethler, R. (see Tekauz, A., Gilbert, J., Mueller, E., Kaethler, R. 
and Kromer, U.) 113 

Kaminski, D.A. (see Gossen, B.D., Kaminski, D.A. and 
Coulman, B.) 164 

Kaminski, D.A. (see Thomson, J.R., Kaminski, DA, Morrall, R.AA 
and Gugel, R.K.) 137 

Inventaire des maladies des plantes au Canada 75:2, 1995 

Kenaschuk, E.O. (see Xue, A.G., Warkentin, T.D., Rashid, K.Y., 
Kenaschuk, E.O. and Platiord, R.G.) 156 

Kharbanda, P. D. (see Evans, I. R., Kharbanda, P .D. and 
Harrison, L.) 136 

Kharbanda, P. D. (see Harrison, L.M., Kharbanda, P.D., 
Stevens, R.R. and Calpas, J.) 135 

Kolmer, J.A. Wheat leaf rust in the eastern prairies in 1994 123 

Kromer, U. Gilbert, J., Tekauz, A, Kaethler, R., Mueller, E. 
and Kromer, U.) 124,126 

Kromer, U. (see Tekauz, A., Gilbert, J., Mueller, E., Kaethler, R. 
and Kromer, U.) 113 

Kutcher, H.R. (see Bailey, K.L., Duczek, L.J., Kutcher, H.R. and 
Buckley, H.L.) 122 

Lacroix, M., Gilbert, G. and Hamel, D. Diseases diagnosed on 
commercial crops submitted to the MAPAQ Diagnostic 
Laboratory in 1994 98 

Lange, R.M. and Bains, P.S. Survey of entomosporium leaf and 
berry spot of saskatoon in 1994 180 

Lawrence, S. (see Penner, B.J., Calpas, J., Henrickson, A., 
Lawrence, S. and Voroney, W.) 68 

Letal, JR (see Bisht, V.S., Bains, P.S., Howard, R.J., Letal, J.R., 
Briant, M.A., Sims, S.M., Penner, B.J. and Chycoski, C.I.) 
171 

Levesque, L. Couture, L. and Levesque, L.) 121 

Liu, L. (see Hsiang, T., Wu, C., Yang, L. and Liu, L.) 191 

Lopetinsky, K. Hwang, SF, Deneka, B., Turnbull, G., 
Chang, K.F., Lopetinsky, K., Piquette, K., deMeiliiano, E. and 
Park, 8.) 151 

Lopetinsky, K. (see Hwang, S.F., Howard, R.J., Chang, K.F., 
Park, B., Lopetinsky, K. and McAndrew, DW.) 51 

Martin, R.A and Johnston, HW. Cereal diseases in the Maritime 
Provinces 1994 118 

McAndrew, D.W. (see Hwang, S.F., Howard, R.J., Chang, K.F., 
Park, 8., Lopetinsky, K. and McAndrew, D.W.) 51 

Morrall, R.AA (see Pearse, P.G. and Morrall, RAA.) 160 

Morrall, RAA (see Thomson, J.R., Kaminski, D.A., Morrall, R.AA 
and Gugel, RK) 137 

Morrall, R.A.A., Reed, M., Paisley, J. and French, M. Seed-borne 
lentil diseases in Saskatchewan in 1994 150 

Mueller, E. (see Gilbert, J., Tekauz, A., Kaethler, R., Mueller, E. and 
Kromer, U.) 124,126 

Mueller, E. (see Tekauz, A. Gilbert. J., Mueller, E.. Kaethler, R. and 
Kromer, U.) 113 

Orr, D.D. and Burnett, P.A. Cereal disease survey in central 
Alberta, 1994 112 

Paisley, J. (see Morrall. R.A.A., Reed, M., Paisley, J. and 
French, M.) 150 



Canadian Plant Disease Survey 75:2, 1995 

Park, B. (see Hwang, S.F., Deneka, B., Turnbull, G., Chang, K.F., 
Lopetinsky, K., Piquette, K., deMeiliiano, E. and Park, B.) 
151 

Park, B. (see Hwang, S.F., Howard, RJ., Chang, K.F" Park, 8., 
Lopetinsky, K. and McAndrew, DW.) 51 

Patrick, SK (see Clear, R.M. and Patrick, S.K.) 9 

Pearse, P.G. and Morrall, R.A.A. Incidence of sclerotinia on sunola 
in Saskatchewan in 1994 160 

Penner, B.J. (see Bisht, V.S., Bains, P.S., Howard, R,J., Letal, J.R, 
Briant, M.A" Sims, S.M., Penner, B.J. and Chycoski, C.I.) 
171 

Penner, B.J., Calpas, J., Henrickson, A., Lawrence, S. and Voroney, 
W. Diseases diagnosed on plant samples submitted to 
Brooks Diagnostics Limited in 1994 68 

Petrie, G.A. Effects of chemicals on ascospore production by 
Leptosphaeria maculans on blackleg-infected canola stubble 
in Saskatchewan 45 

Petrie, G.A. Long-term survival and sporulation of Leptosphaeria 
maculans (blackleg) on naturally-infected rapeseed/canola 
stubble in Saskatchewan 23 

Petrie, G.A. Patterns of ascospore discharge by Leptosphaeria 
maculans (blackleg) from nine- to thirteen-month old 
naturally-infected rapeseed/canola stubble trom 1977 to 1993 
in Saskatchewan 35 

Petrie, GA 1994 Survey for blackleg and other diseases of canola 
142 

Piquette, K. (see Hwang, S.F., Deneka, B., Turnbull, G., 
Chang, K.F" Lopetinsky, K., Piquette, K., deMeiliiano, E. and 
Park, B.) 151 

Plaiford, R.G. (see Haber, S., Barr, D.J.S. and Plaiford, RG.) 115 

Plaiford, R.G. (see Fang, J. and Plaiford, RG.) 145 

Platford, RG. (see Rashid, K.Y. and Platford, R.G.) 148,158 

Platford, R.G. (see Xue, A.G., Warkentin, T.D., Rashid, K.Y., 
Kenaschuk, E.O. and Platford, R.G.) 156 

Platford, RG. Diseases diagnosed on alfalfa samples submitted to 
the Manitoba Agriculture Crop Diagnostic Centre in 1994 77 

Platford, R.G. Diseases diagnosed on amenity turf samples 
submitted to the Manitoba Agriculture Crop Diagnostic Centre 
in 1994 86 

Platford, RG. Diseases diagnosed on canola samples submitted to 
the Manitoba Agriculture Crop Diagnostic Centre in 1994 80 

Platford, R.G. Diseases diagnosed on cereal crop samples 
submitted to the Manitoba Agriculture Crop Diagnostic Centre 
in 1994 78 

Plattord, R.G. Diseases diagnosed on fruit crop samples submitted 
to the Manitoba Agriculture Crop Diagnostic Centre in 1994 
83 

Plaiford, R.G. Diseases diagnosed on lentil samples submitted to 
the Manitoba Agriculture Crop Diagnostic Centre in 1994 81 

199 

Platford, R.G. Diseases diagnosed on potato crop samples 
submitted to the Manitoba Agriculture Crop Diagnostic Centre 
82 

Plalford, R.G. Diseases diagnosed on shade tree samples 
submitted to the Manitoba Agriculture Crop Diagnostic Centre 
in 1994 87 

Plaiford, RG. Diseases diagnosed on spruce samples submitted to 
the Manitoba Agriculture Crop Diagnostic Centre in 1994 89 

Rashid, K.Y. (see Xue, A.G., Warkentin, T.D., Rashid, K.Y., 
Kenaschuk, E.O. and Platford, RG.) 156 

Rashid, K.Y. and Platford, R.G. Diseases of flax in Manitoba in 
1994 148 

Rashid, K.Y. and Platford, RG. Diseases of sunflower in Manitoba 
in 1994 158 

Reed, M. (see Morrall, R.A.A., Reed, M., Paisley, J. and 
French, M.) 150 

Saindon, G. (see Huang, H.C., Saindon, G. and Erickson, RS.) 
131 

Sabourin, M. and Dykstra, M.D. Diseases diagnosed on crop 
samples submitted to the OMAFRA Pest Diagnostic Clinic in 
1994 90 

Sims, S.M. (see Bisht, V.S., Bains, P.S., Howard, R.J., Letal, J.R., 
Briant, MA, Sims, S.M., Penner, B.J. and Chycoski, C.I.) 
171 

Sims, S.M. (see Howard, R.J., Briant, M.A. and Sims, S.M.) 
153,182 

Stevens, RR (see Harrison, L.M., Kharbanda, P.D" Stevens, RR 
and Calpas, J.) 135 

Stobbs, L.W. and Van Schagen, J.G. Survey for rupestris stem
pitting and corky bark diseases of grapevine in the Niagara 
peninsula, Ontario 19 

Sturz, A.V. and Clark, M. Diseases diagnosed on commercial crops 
in Prince Edward Island, 1994 109 

Tekauz, A. (see Gilbert, J., Tekauz, A., Kaethler, R, Mueller, E. and 
Kromer, U.) 124,126 

Tekauz, A., Gilbert, J., Mueller, E., Kaethler, R. and Kromer, U. 
Foliar and head diseases of barley in Manitoba in 1994 113 

Thomas, P.L. Cereal smut survey, 1994 116 

Thomson, J.R., Kaminski, D.A., Morrall, R.A.A. and Gugel, R.K. 
Survey of canola diseases in Saskatchewan, 1994 137 

Tu, J.C. Response of cultivars and breeding lines of Phaseolus 
vulgaris L. to the new alpha-Brazil race of Colletotrichum 
lindemuthianum in southwestern Ontario 5 

Tu, J.C. Status of anthracnose disease on field bean in 
southwestern Ontario in 1994 133 

Turnbull, G. (see Hwang, S.F., Deneka, B., Turnbull, G., 
Chang, K.F., Lopetinsky, K., Piquette, K., deMeiliiano, E. and 
Park, B.) 151 



200 

Van Schagen, J.G, (see Stobbs, L.W. and Van Schagen, J.G.) 19 

Voroney, W, (see Penner, B.J., Calpas, J" Henrickson, A" 
Lawrence, S. and Voroney, W.) 68 

Xue, A.G. and Davidson, C,G. Occurrence of anthracnose fruit rot 
caused by Colletotrichum acutatum on day-neutral 
strawberries in Manitoba 185 

Xue, A.G" Warkentin, T.D., Rashid, K,Y., Kenaschuk, E.O, and 
Platford, R,G. Diseases of field pea in Manitoba in 1994 156 

Yang, L. (see Hsiang, T., Wu, C., Yang, L. and Uu, L.) 191 

Warkentin, T.D. (see Xue, A,G., Warkentin, T.D.,Rashid, K.Y., 
Kenaschuk, E.O. and Platford, R.G,) 156 

Wu, C. (see Hsiang, T., Wu, C., Yang, L. and Uu, L.) 191 

Inventaire des maladies des plantes au Canada 75:2, 1995 



Instructions to Authors 
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articles on the occurrence and severity of plant diseases in Canada. Topics 
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and compilations of practical value to plant pathologists are accepted. 
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