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ABSTRACT
Huber, D. M., Christmas, E. P., Herr, L. J., McCay-Buis, T. S., and Baird, R. 1992, Rhizoctonia
crown rot of canola in Indiana. Plant Dis. 76:1251-1253.

Dead and declining canola (winter rape) plants during the winter of 1990 had a severe crown
(basal stem) rot with varying degrees of cortical necrosis caused by Rhizoctonia solani (cardinal
temperatures of 4, 16-24, and 30 C). The fungus was compatible with Rhizoctonia anastomosis
group 2 type 1. Aminopeptidase profiles were characteristic of R. solani but distinct from
those of several other Rhizoctonia anastomosis groups profiled. Crown tissues were infected
by early winter, but root tissues below the crown generally were not infected until midwinter
and spring. The base of leaves frequently had a dark brown to black necrotic lesion that was
associated with leaf death. Early-seeded plants, which grew extensively in the fall, were more
severely infected than late-seeded plants, which were smaller; however, very small plants appeared
to be the most susceptible and seldom survived through the winter. Infection of crown tissues
appeared to be by direct penetration near the soil surface as well as through leaf scars. A
late winter (January) and early spring (March) survey of canola fields in Indiana during 1990,
1991, and 1992 showed a plant kill of 0-100%, depending on the cultivar and seeding date.
The winters and early springs of 1990, 1991, and 1992 were cool with abundant moisture.
Crown rot was generally more prevalent in wet and poorly drained areas of fields but also
was severe on early-seeded canola on sandy soils. This disease will be a limiting factor for
production of canola in Indiana and adjacent states. Seeding date, nitrogen use, and cultivar

selection may be important considerations in reducing severity of this disease.

Canola (Brassica napus L.), a form of
winter annual rape that contains less than
2% erucic acid in the oil and less than
30 ppm of glucosinolates in the meal,
has been cultivated in Indiana since 1985
as a result of consumer demand for low
saturated fats and as an alternate crop
to wheat (2). Approximately 5,000 acres
were planted in Indiana in the fall of 1989
and 7,500 acres in the fall of 1990.
Excellent stands in the fall were some-
times so severely thinned during the
winter that the crop was abandoned in
the spring. Although growers initially
referred to this loss as winterkill, symp-
toms in midwinter were characteristic of
damage caused by a cool season patho-
gen. Maceration of crown tissues, small
developing necrotic cankers of cortical
tissues, basal necrosis of leaves, and
necrotic leaf scars (Fig. 1) (6) were similar
to symptoms described for Rhizoctonia
crown rot on beets (14) and damping-
off, seedling blight, and brown girdling
root rot of canola (4,7,8). This study was
initiated to establish the etiology and
severity of this disease in Indiana.

MATERIALS AND METHODS
Tissues from lesions on basal stems,
leaf bases, and roots were surface-
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disinfected in 1.09% NaOCI for 1 min,
plated on potato-dextrose agar (PDA),
and incubated at room temperature in
the laboratory. Cardinal temperatures
for growth of the fungus were determined
by incubating PDA cultures at 4, 8, 16,
24, 30, and 35 C. Diameter of growth
was measured daily for 5 days, at which
time 69-83% of the plate had been
covered with growth at 16 and 24 C.
Growth at each temperature was repli-
cated five times.

The aminopeptidase profile was pre-
pared by growing the fungus on cellulose
membranes overlaying PDA for 7 days.
The mycelium was then removed from
the membrane, weighed, ground in a
glass mortar and pestle in 0.05 M Tris-
HCI buffer at pH 8.0, and diluted with
Tris buffer to 10 mg/ml. B-Naphthyla-
mide substrates (107 M) in Tris-HCI
buffer at pH 8.0 were prepared from 107°
M Jackson-Burdick methanol stock
solutions (Table 1), and 1.9 ml of each
was dispensed into separate 10 X 100 cm
Pyrex tubes. The 23 substrates, a buffer
blank, and a B-naphthylamide blank
were assayed by inoculating each tube
with 0.1 ml of the diluted inoculum of
the fungus. Tubes were assayed for
peptidase activity by recording fluores-
cence of the inoculated substrates after
6 and 24 hr of incubation at 22-23 C
in an Aminco fluorophotometer with a
Corning 7-60 narrow band pass primary
filter and a Wratten 2a sharp cutoff
secondary filter (13,15).

Characterization of the canola patho-

gen was initiated by first determining the
number of nuclei in vegetative hyphal
cells and the nature of the septal pore
apparatus by a rapid aniline blue staining
technique (5). Anastomosis grouping
(AG) was ascertained by pairing the
canola R. solani Kiihn isolate, which
resembled AG-2 isolates culturally, with
known AG tester isolates, including two
AG-2-1 testers (ATCC 62805 and one
obtained from B. Nelson, North Dakota
State University, Fargo) and three AG-
2-2 testers (AG-2-2 I1IB from D. Bell and
D. Sumner, Georgia Experiment Sta-
tion, Griffin, and ATCC 66153 and AG-
2-21V from L. J. Herr). A distilled water
agar plate technique, modified from
Ogoshi (9), was used for anastomosis
tests. Isolates were paired approximately
3 cm apart on 9-cm-diameter plastic
plates each containing 7 ml of water agar.
After contact and intermingling of
hyphae of the paired isolates, direct
microscopic observations in the plates
(X63-160) were made for hyphal fusions
(anastomosis) between paired isolates,
using the criteria of Ogoshi (10) for
anastomosis.

A general survey of canola fields in
Indiana was conducted to determine the
frequency and severity of this disease.

RESULTS AND DISCUSSION

A multinucleate R. solani-like fungus
was consistently isolated from cankers
on upper roots and rotted crown tissues
of canola in Indiana in February and
early March of 1990. Fusarium spp. and
several other common soilborne fungi
isolated from necrotic tissues later in the
spring were not pathogenic on canola.
Isolates of Fusarium spp., Pythium
ultimum Trow, and Olpidium sp. iso-
lated from canola in the Canadian studies
were only weakly virulent or nonpatho-
genic on canola (4). Healthy plants in-
oculated with a PDA culture of R. solani
isolated from canola developed typical
cortical and crown rot lesions, from
which the fungus was reisolated. The
staining results (5) confirmed the canola
pathogen in Indiana to be R. solani with
multinucleate vegetative hyphal cells and
a prominent (doliform) septal pore. The
isolate anastomosed readily with both
AG-2-1 tester isolates but was not ob-
served to anastomose with any of the
three AG-2-2 testers or other anastomo-
sis groups. Therefore, on the basis of
anastomosis frequency within AG-2, the
canola isolate belongs in anastomosis
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group 2 (AG-2), intraspecific group 1
(ISG-1), and is assigned to AG-2-1(9,10).
The aminopeptidase profile (Fig. 2) was
characteristic of R. solani and distinc-
tively different from those of R. zeae
Voorhees and R. cerealis Van der
Hoeven.

Typical cortical and crown rot lesions
developed on plants inoculated with R.
solani AG-2-1 at 10-15 C; the fungus was
reisolated from the lesions. Symptoms
on inoculated plants resembled those
observed in the field (Fig. 1), and R.
solani was consistently recovered from
infected tissues. Cardinal temperatures
for growth were 4, 16-24, and 30 (Table
2). Sclerotial production was profuse at
24 C and much less or absent at the other
temperatures.

These observations are consistent with
recent observations of brown girdling
root rot of canola in Canada caused by
R. solani AG-2-1 (4,7,8). Although the
Canadian studies included several R.
solani AG-4 isolates, they were less
virulent than the AG-2-1 isolates that
predominated. The Canadian isolates of
R. solani AG-2-1 grew over a wide range
of temperatures (0-32 C) and the growth
range optimum was 24 C (8), which is
similar to the optimum and temperature
range of isolates from Indiana (Table 2).
The optimum temperature for growth of

Fig. 1. Crown and cortical rot symptoms
caused by Rhizoctonia solani AG-2-1 on
canola.
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the pathogen was above that commonly
occurring in Indiana fields when disease
was severe; however, the temperature
range for fungal growth was broad
enough to encompass field conditions.
It also is possible that virulence of the
pathogen and susceptibility of the canola
are enhanced at temperatures lower than
optimum for growth.

Although R. solani AG-2 type 1 is a
common pathogen on Brassica spp. (10),
R. solani AG-2-1 also is reported to be
highly pathogenic on cowpea and moder-
ately virulent on snap and lima bean (11).
It also has been isolated from visibly
sound peanut seed, snap bean, rye,
sorghum, and corn (12). The widespread
distribution of this pathogen on canola
in Indiana soils indicates it is probably
an indigenous organism that has per-

Table 1. B-Naphthylamide substrates for
aminopeptidase profiling of Rhizoctonia
solani AG-2-1

No. Substrate® Abbreviation

1 Alanine ALA

2 Arginine ARG

3 Asparagine ASP

4 Aspartic acid ASPA

5 Benzoyl arginine BARG

6 Cystine CYS

7 Glutamic acid GLU

8 Glycine GLY

9 Histidine HIS
10 Hydroxyproline HPRO
11 Leucine LEU
12 Isoleucine ILEU
13 Lysine LYS
14 Methionine MET
15 Ornathine ORN
16 Phenylalanine PHE
17 Proline PRO
18 Pyrrolidonyl PYR
19 Serine SER
20 Threonine THR
21 Tryptophan TRY
22 Tyrosine TYR
23 Valine VAL

*5 X 10 M in 0.05 M Tris-HCl, pH 8.0.

sisted on wild weed hosts or as an epi-
phyte in the traditional corn and soy-
bean rotations for this area. Mustard and
a few possible alternate weedy hosts are
common during the late summer follow-
ing wheat harvest until fall tillage but
are very limited during the growing sea-
son. Rhizoctonia is reported to be seed-
borne (1), and AG-2-1 may have been
introduced to Indiana on infested canola
seed. However, this possibility appears
unlikely to explain the rapid dispersion
and incidence of canola crown rot ob-
served in Indiana. It is more likely that
this pathogen survives as a saprophyte
on plant residues or on symptomless
hosts (3,12).

Overall losses of canola in Indiana
during the relatively mild, wet winters
of 1990 and 1991 are estimated at 8-12%
on the basis of stand reduction; 5-8%
of the fields were damaged enough that
the canola was abandoned and an alter-
nate crop planted. Observations in Jan-
uary 1992 indicated that the disease was
much more severe than in 1990 and 1991,
and by late March, it was apparent that
no canola would survive the optimum
conditions for disease development that
occurred in 1992. Early seeding in the
fall or other conditions, such as high
nitrogen fertility, that result in extensive
fall growth appear to predispose plants

Table 2. Growth rate of Rhizoctonia solani
isolated from canola at various temperatures

Diameter* (mm)
per day of growth

Temperature

(©) 2 3 4 5

4 8 14 22 29

8 8 13 25 28

16 18 33 53 69

24 27 50 59 83

30 20 29 32 34
35 0 0.5 0.5 0.5

* Average diameter of five replicate plates per
temperature.
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Fig. 2. Aminopeptidase profile of Rhizoctonia solani AG-2-1 from canola after 6 and 24 hr
of incubation at room temperature. Peptidase substrates are listed in Table 1.



to this Rhizoctonia crown rot, and late-
seeded plants appear to be highly sus-
ceptible. There were some indications
that the form as well as the rate and time
of application of nitrogen may be
important, however, additional studies
are needed to confirm these relation-
ships. Poor soil drainage and extensive
spring rainfall also favor the disease.
Differences in varietal susceptibility were
apparent in the field, and screening cul-
tivars for resistance or susceptibility to
Rhizoctonia crown rot appears warranted.

Current recommendations to reduce
disease losses and maximize yield poten-
tial of canola include: 1) seeding to
provide a 30-day growth period before
winter “dormancy” for plant establish-
ment, 2) planting only on well-drained
fields, 3) applying rates of fertilizer
similar to those for wheat and splitting
the nitrogen (20% fall, 80% spring), and
4) selecting winter-hardy cultivars (2). All
of these recommendations are consistent

with those practices identified as providing
the greatest resistance to Rhizoctonia.
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