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ABSTRACT 

Three isolates of the fungal pathogen Colletotrichum dematium var. trun
cata were obtained from soybean (Glycine max) during the 1975 growing 
season in central and southern Illinois and labeled Cd-1, Cd-2 and Cd-3. The 
three isolates produced curved conidia measuring between 17.8 to 23.3 JL 
long and 3 .2 to 5.1 JL wide. Growth rate and spore production were variable 
among the three isolates with Cd-3 producing the most spores per cm 2 of 
colony growth and Cd-2 producing the largest colony growth at 25° C. Isolate 
Cd-1, found to be to lerant to benomyl in vitro, showed a uniform radial-growth 
pattern on potato-dextrose agar amended with 1 to 350 Jl.g/ml commercial 
benomyl , while isolates Cd-2 and Cd-3 showed a bimodal-type growth curve. 
Colletotrichum glycine and Coltetotrichum musae were sensitive to benomyl. 

INTRODUCTION 

Several seedborne fungal pathogens have been described in soybean 
(Glycine max (L.) Merr.) (11). Among them is Colletotrichum dematium 
(Pers. ex Fr. ) var. truncata (Schw. ) Andrus and W. D. Moore, causal 
agent of soybean anthracnose (5, 6, 13) . Anthracnose diseases have been 
recorded in all major soybean growing areas of the world (10). 

Susceptibility of soybean to Colletotrichum spp. , has been recorded at 
all stages of plant growth. In advanced stages the disease appears pri
marily on stems and pods as indefinite brown areas (6, 12, 13) . When 
diseased seeds are planted, numerous seedlings are killed before or after 
emergence. Dark brown sunken cankers often develop on the cotyledons 
of emerging seedlings (6, 8). The most destructive phase of the disease 
occurs in maturing plants, particularly during rainy periods. Young 
soybean pods also may be attacked and killed. Mycelium of the anthrac
nose fungus may completely fill the pod cavity resulting in dark brown, 
shriveled and moldy seed (5, 12). 

Debris-borne and seedborne inoculum may cause pre- and postemer
gence damping-off of seedlings (6, 11), or mycelium may become estab-
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lished in the seeds without producing symptom of disease. Virulence 
among C. dematium var. truncata isolates has been studied but the 
existence of races of the pathogen has not been established (5, 13). 

MATERIALS AND METHODS 

MORPHOLOGICAL CHARACTERS 

Twenty isolates of the curved-spored C. dematium var. truncata were 
obtained from soybeans in different localities in central and southern 
Illinois to determine the degree of variation among the isolates. The 
isolates were placed in three groups based on morphological and cultural 
characters. Single spore subisolates from each group were identified as 
Cd-1, Cd-2 or Cd-3. 

Isolate Cd-1 was obtained from a Wells soybean seed harvested from 
a benomyl-sprayed plot on South Farm, University of Illinois, Urbana
Champaign. Isolate Cd-2 was obtained from a dried stem of an Amsoy 
soybean plant harvested in Jefferson County, Illinois. Isolate Cd-3 was 
obtained from an Amsoy 71 pod collected from the University of Illinois 
Agronomy South Farm. All isolates were collected in the 1975 growing 
season. 

The three isolates were cultured on Gibco (Gibco Diagnostic, Madison, 
Wisconsin 53713) 4 potato-dextrose agar (PDA) and kept at 25° C. Colony 
morphology, cultural growth habits on PDA, conidia size and shape of 
the isolates were recorded. The three isolates were sent to the Common
wealth Mycological Institute, Kew, Surrey, England, where they con
firmed to be within the C. dematium Grove group. 

EFFECT OF TEMPERATURE ON MYCELIA GROWTH AND CONIDIA 

PRODUCTION 

Monoconidial cultures of the three isolates were tested at different 
temperatures. Six culture plates containing approximately 20 ml of PDA 
were seeded separately with a 5-mm PDA discs of each of the three 
isolates. The discs were cut with a cork borer from advancing margins of 
colonies. Culture plates containing the inoculum were incubated for 7 
days at 5, 15, 20, 25, 30 or 35° C. Colony diameters were recorded at the 
end of each incubation period. 

A spore count was made for each isolate at each incubation tempera
tures. A spore suspension was prepared by scraping the surface of the 
PDA colony before flooding with approximately 15 cm'1 of sterile distilled 

' Trade names in this publication are used only to provide specific information. Mention 
of a trade name does not consti tute a warranty of equipment or materials by the Agricultural 
Experiment Station of the University of Puerto Hico, nor is this mention a statement of 
preference over other equipment or materials. 
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water. Spores were counted with a hemacytometer. The number of spores 
per area of colony growth was recorded. 

IN VITRO ACTIVITY OF BENOMYL AGAINST THREE ISOLATES OF C. 

DEMATIVM VAR. TRUNCATA, C. GLYCINE, AND C. MUSAE 

Benomyl (methyl 1-(butylcarbamoyl) -2-benzimidazolecarbamate (E. 
I. du Pont's Benlate 50 WP) concentrations were evaluated in vitro 
against three isolates of C. dematium var. truncata and single isolates of 
C. glycine (Hori) Lehman and Wolf from soybean and C. musae (Berke. 
& Curt.) Arx from banana (the latter two highly sensitive to benomyl and 
obtained from C. A. Shillingford, Urbana). Sensitivity of these fungi to a 
series of 1 to 350 [Lg/ml solutions of benomyl was determined by adding 
the appropriate amounts of the commercial fungicide to either autoclaved 
(121 ° C/15 min) PDA cooled to about 50° C or to the powdered PDA in 
a water mixture which was then autoclaved at 121 o C for 15 min. Potato
dextrose agar without fungicide served as a control. Twenty ml of nona
mended (control) or amended PDA for each treatment were poured into 
each of six 9-cm culture plates. After the agar had solidified, a 6-mm agar 
plug was cut from 8- to 10-day-old cultures with a sterile cork borer and 
placed in the center of the test plate. All plates were randomized in an 
incubator programmed for constant light and 26° C. Mean colony diam
eter was recorded after 8 days. The FLSD Test for significance was 
applied to the data (14). 

RESULTS 

MORPHOLOGICAL CHARACTERS 

Isolate Cd-1 

Colonies on PDA were dark-gray with sparse aerial mycelium, exten
sive production of stromatic acervuli on the surface and within the 
substrate and with a tendency to form sclerotia! aggregates of dark 
mycelium (fig. 1). Single conidia appeared hyaline but were pinkish when 
in masses. The conidia were falcate and truncate, uninucleate with oil 
droplets in the cytoplasm (fig. 2) . Conidia formation always was accom
panied by dark colored, straight setae and production in the culture 
medium was more abundant at 35° C than at 25 and 30° C after 5 days. 
Fungal growth covered the 9-cm culture plates within 8 to 10 days at 25° 
C and 6 to 8 days at 30° C. Isolate Cd-1 had the smallest spore size of the 
three isolates (table 1). 

Isolate Cd-2 

Colonies on PDA initially were olivaceous and turned dark gray after 
8 days (fig. 1) . The fungus produced soft stromatic acervuli with abundant 
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production of whitish masses of conidia at 30° C. Sparse mycelia were 
f1attened to the substrate with black stroma produced after 8 to 10 clays. 
Conidia were hyaline, falcate and uninucleate (fig. 2), and produced in 
the presence or absence of short. f1exible setae. The fungus incubated in 
constant light at 25 or 30° C covered the 9-cm culture plates within 8 to 
9 days and 6 to 7 days, respectively. 

Fir.. I.-Colony morpholog,v of three isolates of Colletotrichum sp. (with in the Collr!IO · 
trichum dematium (Pers. ex . Fr.) Grove group from sovbean !Glycine max) (A. Cd-1, B. 
Cd-2. and C. Cd-3). 

2 A B c 
FIG. 2.-Conidia of three isolates within the Colletotrichum dem alium (Pers. ex. Fr. ) 

Grove group (A . Cd-1, B. Cd-2, and C. Cd-3) (X300). 

Isolate Cd-3 

Colonies on PDA were dark-gray with abundant aerial mycelium and 
a dark-brown stroma produced under the substrate. The colony showed 
zonation with an irregular margin immersed in the substrate. Conidia 
were large (table 1), symetrically falcate, nonseptate and uninucleate (fig. 
2). Whitish conidia were produced with or without small f1exible setae. 
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The fungus grew slowly, covering culture plates within 13 to 15 days at 
25° C and 10 to 12 days at 30° C in constant light. 

EFFECT OF TEMPERATURE ON MYCELIA GROWTH AND CONIDIA 

PRODUCTION 

The optimum temperature for mycelial growth of lhe three isolates 
was between 25° C and 30° C (fig. 3) . Isolate Cd-2 showed the largest 
colony growth at 25° C. Isolates Cd-1 and Cd-3 produced optimum growth 
at 30° C, but isolate Cd-3 grew slowly at all temperatures. 

Spore production of the different isolates varied considerably (fig. 4). 
Isolate Cd-3 produced the largest number of spores per cm1 of growth 
between 20 and 30° C, isolate Cd-2 at 25° C, and isolate Cd-1 at 35° C. 

TAHLF: !.- Size of conidia of three isolates o{ Colletotrichum rlematium m r. lruncata 
from soy beans (Glycine max) 

- - -------
Isolate Suur<:e -

Measuremt'nts of conidia (,u.}1 

--
Leng-th Wid th Cun·ature 

Cd-1 Seed of cv. Wells 17.75-23.65 :J. 15-5.62 6. 12 
Cd-2 Seed of cv. Amsoy 71 2!.25- 27. 75 :J.40-4. 75 6.75 
Cd-3 Seed ofcv. Amsoy 7 1 22.50- :28.30 a.:J9- 5.IO 5.93 

' Range of measurements based on 75 conidia per each isolate. 

IN VITRO ACTIVITY OF BENOMYL AGAINST THREE ISOLATES OF C. 

DEMATIUM VAR. TRUNCATA, C. GLYCINE AND C. MUSAE 

T here were differences in sensitivity to benomyl among the three 
isolates of C. demantium var. truncata, C. glycine and C. musae (fig. 5). 
Radial mycelial growth always was less than the control for all concen
trations of benomyl. T here was no significant reduction in radial growth 
with increase in fungicide concentration for any isolate except for isolate 
Cd-3 which showed a bimodal curve on PDA containing either autoclaved 
or nonautoclaved benomyl and for isolate Cd-2 which showed no growth 
at 125 f.!g/ml of autoclaved benomyl. There were significant differences in 
colony growth between the isolates Cd-1, Cd-2 and Cd-3 at all concent ra
tions FLSD (P = 0.05) = 1.45; except at 125 tJ.g/ml where Cd-2 and Cd-3 
did not show significant differences in either autoclaved and nonauto
claved benomyl. Isolate Cd-1 maintained almost constant growth at all 
concentrations after 10 days, demonstrating a relative insensitivity to the 
compound. Colletotrichum glycine and C. musae were more sensitive to 
benomyl than the three isolates of C. dematium var. truncata. All fungal 
isolates produced similar response curves to both autoclaved and non
autoclaved benomyl, except for isolates Cd-1 and Cd-2, where radial 
growth was lower in the autoclaved benomyl than the nonautoclaved 
benomyl. 
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DISCUSSION 

Three distinct isolates of C. dematium var. truncata were found by 
comparing single-spore cultures of the collection. All three isolates pro
duced curved conidia on PDA, similar to those described by previous 
workers (5, 13). Further studies are necessary, particularly with respect 
to their host range and its virulence, to determine whether the strains 
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FIG. 5.-Benomyl sensitivity of three isolates of Colletrotrichum dematium var. trun
catum, Colletotrichum glycine (isolated from soybean (Glycine max)) and Colletotrichum 
musae (isoalted from banana (Musa spp.)). There were no significant differences in mean 
colony diameters between autoclaved and nonautoclaved treatments. There were significant 
differences between all other treatments. FLSD (P = 0.05) = 1.45. Isolate A= Cd-1; Isolate 
B = Cd-2; Isolate C = Cd-3; Isolate D = C. glycine and C. musae with the same response 
curve. 

represent true races of the pathogen. They should be compared with 
similar Colletotrichum sp. isolates of other research workers (5, 12). 

In recent years, the practice of spraying with fungicides, particularly 
benomyl, for control of fungal disease complexes has been increasing (3, 
9). With the widespread use of benomyl in soybean as in other crops (1, 
2), benomyl-tolerant strains of soybean fungal pathogens may eventually 
be found. Isolate Cd-1, which came from a benomyl sprayed plant, was 
tolerant to benomyl, showing similar radial growth at all concentrations 
used. 
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Colletotrichum glycine and C. musae were shown to be sensitive to 
benomyl, which reduced mycelial growth in an amended medium at 
concentrations as low as 1 fi.g/ml. The three isolates of C. dematium var. 
truncata showed differences in sensitivity to benomyl. A biomodal curve 
resulted when radial growth was plotted against dosage of benomyl for 
isolates Cd-2 and Cd-3. A similar response curve was detected by previous 
workers (4, 7) working with dimethyldithiocarbamate and tetramethyl
thiuram raising the possibility of chemical-fungal membrane reaction in 
the medium and the rate of disassociation of the toxic chemicals in the 
medium. 

RESUMEN 

En 1975 tres subcultivos de Colletotrichum dematium var. truncata se 
obtuvieron de sojas sembradas en las regiones central y meridional de 
Ill inois. Estas se designaron Cd-1, Cd-2 y Cd-3. Los tres subcultivos 
produjeron conidios curvados que medfan entre 17.8 y 23.3 fl de largo 
y de 3 .2 a 5.1 de ancho. La tasa de crecimiento y Ia producci6n de 
esporas de los tres variaron: el Cd-3 fue el que mas esporas produjo por 
cm 2 y el Cd-2 el que produjo Ia colonia mas grande a 25° C. El Cd-1 fue 
tolerante al benomyl in vitro y present6 un crecimiento radial uniforme 
en agar de papa y dextrosa modificado con 1 a 350 ,ug/ml de benomyl 
comercial. Los subcultivos Cd-2 y Cd-3 presentaron una curva bimodal 
de crecimiento. Colletotrichum glycine y C. musae fueron sensibles al 
benomyl. 
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