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ABSTRACT

Rush, C. M., Carling, D. E., Harveson, R. M., and Mathieson, J. T. 1994. Prevalence and
pathogenicity of anastomosis groups of Rhizoctonia solani from wheat and sugar beet in Texas.
Plant Dis. 78:349-352.

Ninety-eight isolates of Rhizoctonia spp., primarily R. solani, were isolated from wheat and
sugar beets grown in the Texas Panhandle and typed for anastomosis group (AG). Of the
46 isolates from mature beet, 89% were AG2-2; of the 45 isolates from wheat, 95% were AG4;
and most of the isolates obtained from beet seedlings were either AG4 or AGS. Two isolates
of binucleate Rhizoctonia sp. also were recovered, one from mature sugar beet and one from
beet seedlings. Randomly selected isolates from each AG were capable of colonizing wheat,
corn, cotton, and sorghum residue saprophytically; and optimum temperature for growth of
most isolates was between 20 and 30 C. In pathogenicity studies, isolates of AG2-2 and AG4
reduced emergence and final stand of sugar beet seedlings, and isolates of AG2-2 caused severe
root rot on mature sugar beet. On wheat, none of the isolates reduced emergence, but isolates
of AG4 and AGS caused significant postemergence root rot. Although some isolates of AG2-
2, AG4, and AG5 reduced emergence and caused root discoloration on seedlings of corn, cotton,
and sorghum, none were highly virulent on these crops. Both isolates of binucleate Rhizoctonia
sp. were either avirulent or caused only slight root discoloration. Since AG4, the predominant
AG of R. solani on wheat, was highly virulent to sugar beet seedlings, wheat preceding sugar
beets in rotation is not advised.

Rhizoctonia solani Kiihn (teleomorph:
Thanatephorus cucumeris (A.B. Frank)
Donk) is an important pathogen of sugar
beet (Beta vulgaris L.) and wheat
(Triticum aestivum L.) in the Texas
Panhandle. On beets, R. solani causes
both damping-off of seedlings and crown
rot of mature beets (16,21). Seedling
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disease is mainly a problem on beets that
are either planted late or replanted.
When beets are planted early (March or
early April), damping-off caused by R.
solani is seldom a problem. Later in the
season, as soil temperatures increase,
crown rot becomes prevalent, first
appearing in June and becoming most
severe in July through August.

On hard red winter wheat, Rhizoc-
tonia root rot has only recently been
identified as a problem in the Texas
Panhandle (10). The disease is usually
observed on wheat planted early (August

or early September), when soil tempera-
tures are high. It is characterized by
reduced stands and nonvigorous growth
of individual plants. Typically, infected
plants lose lower leaves; lower leaf
sheaths become dark brown and
necrotic; and roots exhibit discrete, dark
brown water-soaked lesions or may be
pruned off. Severely infected plants often
die, leaving gaps of varying lengths in
rows.

Although Rhizoctonia spp. have long
been recognized as pathogens of wheat,
there is considerable discrepancy in
reports of species and anastomosis
groups (AG) responsible for disease. In
the Pacific Northwest, Rhizoctonia
oryzae Ryker & Gooch (teleomorph:
Waitea circinata Warcup & Talbot) and
R. solani AG8 have both been associated
with diseased wheat: R. oryzae with a
root rot and R. solani AG8 with bare
patch, respectively (17,19).

Lipps and Herr (9) reported sharp
eyespot of wheat in Ohio was caused by
Rhizoctonia cerealis Van der Hoeven
(teleomorph: Ceratobasidium cereale D.
Murray & L.L. Burpee), a binucleate
species. However, a disease with similar
symptoms in Arkansas reportedly was
caused by R. solani AG4 (18). These
isolates of AG4 did not infect roots, but
killed seedlings in greenhouse studies. R.
cerealis, which also killed seedlings, did
not typically cause root damage (18).

Plant Disease/April 1994 349



Because of uncertainty about species
and anastomosis groups of Rhizoctonia
spp. that cause disease on wheat, and
since sugar beets are grown in rotation
with wheat, a survey was conducted to
determine the predominant populations
of Rhizoctonia spp. on these two crops
in the Texas Panhandle. Pathogenicity
of selected isolates to crops grown in
rotation with wheat and sugar beets were
also conducted.

MATERIALS AND METHODS
Isolation and A G typing. Infected hard
red winter wheat and sugar beet samples
were collected in the fall of 1990 from
10 counties in the Texas Panhandle.
Plants exhibiting disease symptoms were
harvested from more than 100 randomly
selected fields and taken to the labora-
tory for processing. Isolations from
wheat were predominantly made from
lower leaf sheaths and crown tissue. Few
cultures were obtained from roots despite
repeated attempts. Isolations were also
made from diseased seedlings obtained
from previous greenhouse studies in
which soils were being screened for
various seedling pathogens. On beets,
isolations were made from lower root or
crown tissue. Diseased tissue was
thoroughly washed under tap water and
placed on potato-dextrose agar (PDA).
A total of 98 cultures resembling Rhizoc-
tonia spp. were subcultured onto PDA.
Once isolates were freed of fungal and
bacterial contaminants, they were stored
on sterilized barley (20). All isolates were
then paired with known tester isolates
of R. solani using standardized tech-
niques for AG determination (2). Briefly,
cellophane rectangles were dipped in soft
PDA (13 g/L) prior to placement on
water agar. Mycelial disks from cultures
growing on PDA were paired and incu-

bated at 25 C until hyphae met (usually
48-72 hr). The area of cellophane where
hyphae overlapped was removed from
the petri dish, placed on a glass slide,
stained with 0.05% trypan blue, covered
with a coverslip, and examined micro-
scopically (400X) for hyphal anastomosis.

Following AG. determination, 10 iso-
lates (two or three from each of the pre-
dominant AG groups) were randomly
selected for pathogenicity tests. These
included three isolates of AG4, two of
AG2-2, three of AGS5, and two binucleate
Rhizoctonia. Three of the isolates were
from wheat, four from mature sugar beet,
and three from sugar beet seedlings.

Temperature range and pathogenicity
determinations. The effect of tempera-
ture on in vitro radial growth was deter-
mined by transferring mycelial plugs (0.8
cm in diameter) from the edge of 5-day-
old actively growing colonies to PDA.
Cultures were incubated in the dark at
10, 15, 20, 25, 30, or 35 C, and colony
diameter was measured after 24 and 48
hr. There were three replications of each
isolate at each temperature, and the study
was repeated once.

Pathogenicity was determined using
mature sugar beet, seedlings of sugar
beet, wheat, corn, cotton, and sorghum.
Colonized barley kernels were used as
inoculum. Mature sugar beets were har-
vested from disease-free fields, trans-
planted into 7.5-L pots in a greenhouse,
and inoculated 3 wk later by placing three
colonized barley kernels just below the
soil surface in contact with roots. Roots
were harvested 8—12 wk after inoculation
and rated for disease using a 0-4 scale,
with 0 = no disease symptoms and 4 =
dead plants. There were three replica-
tions of each isolate and the noninocu-
lated control.

For seedling tests, plants were grown

Table 1. Identity of 98 isolates of Rhizoctonia spp. collected from wheat and sugar beets in

Texas in 1990

Anastomosis groups of R. solani*

in 10 X 10 cm pots containing a nonsterile
soil mix of topsoil, sand, and peat (1:1:1
w/w/w) in incubators maintained at 25
C with a 12-hr photoperiod. Ten seeds
were planted in each pot and infested
with five colonized barley kernels, and
emergence counts were taken after
approximately 7 days. Plants were har-
vested and rated for disease using the
0-4 rating described previously. Sugar
beet seedlings were not given a disease
index value, but, alternatively, two stand
counts were taken approximately 7 days
apart to determine postemergence damp-
ing-off. There were eight replications of
sugar beet seedling and each fungal iso-
late, and four replications for the other
crops. These tests were repeated once.

Statistical analyses. Tests for homo-
geneity of variance were conducted on
experiments that were repeated. All data
were analyzed by ANOVA, and treat-
ment means were separated by Duncan’s
multiple range test. When test variances
were homogeneous and there were no
differences among tests or test X isolate
interactions as indicated by ANOVA,
data from repeated tests were merged for
ease of presentation.

RESULTS

Anastomosis grouping. Most isolates
of R. solani (49%) were AG4, 43% were
AG2-2, 5% were AGS, and 29 were
binucleate Rhizoctonia (Table 1). Most
AG4 isolates (89%) were from wheat,
while 95% of AG2-2 isolates were from
sugar beet. Eighty-nine percent of all
isolations from mature sugar beet were
AG2-2. Six percent of the isolations from
mature sugar beet were AG4 and one
was binucleate Rhizoctonia-like. Of the
seven cultures of Rhizoctonia from sugar
beet seedling, two were AG4 and three
were AGS. Only two isolates recovered
in this study were binucleate Rhizoc-
tonia, one from mature sugar beet and
one from a sugar beet seedling.

Temperature effects on mycelial growth.
Tests for homogeneity of variance indi-

Isolates Binucleate cated significant differences between
Crop (no.) AG4 AG22 AGS Rhizoctonia  ropeated tests, and ANOVA indicated
Beet 46 3 41 1 1 significant test X isolate interactions
Wheat 45 43 1 1 0 existed. Consequently, results of repeated
Beet seedling 7 2 ! 3 ! tests are shown separately (Tables 2 and
“Determined by pairing each isolate against known tester isolates. 3). In both tests, all isolates generally
Table 2. Growth of isolates of Rhizoctonia species at six temperatures® (test 1)

Anastomosis groups of R. solani Binucleate

Temp. AG4 AG2-2 AG5 Rhizoctonia spp.
©) wY B BS W B w B BS B BS
10 18.6 fD* 22.3¢B 17.3eD 15.6 fE 15.6 eE 20.6 eC 15.3¢E 27.3eA 17.6 eD 19.0 eD
15 29.6 eC 27.6 dD 243 dE 21.3¢eF 21.0dF 31.0dB 30.3dBC 32.3dA 24.6 dE 25.3dE
20 71.6 cA 55.3bD 69.6 bAB 40.6 cG 45.6 cF 64.6 bC 64.3 bC 68.3 bB 49.6 bE 51.6 bE
25 82.6 bA 60.3 aE 72.3 abC 47.0 bH 52.3 aG 70.6 aCD 69.6 aD 77.3 aB 55.3 aF 59.6 aE
30 85.0 aA 44.3 cGH 74.6 aB 54.6 aD 50.0 bF 59.6 cC 50.0 cF 52.0cE 45.0 cG 43.0cH
35 37.3dA 9.6 fF 33.0cB 25.3dC 20.0dD 12.0 fE 11.3fE 9.0 fF 11.6 fE 20.0 eD

*Colony diameter (mm) after 48 hr of growth on potato-dextrose agar.
YHost from which isolate was recovered: B = mature beet, BS = beet seedling, and W = wheat seedling.

*Means in a column followed by the same lowercase letter or in a row followed by the same uppercase letter are not significantly different
(P =0.05) according to Duncan’s multiple range test.
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Table 3. Growth of isolates of Rhizoctonia species at six temperatures™ (test 2)

Anastomosis groups of R. solani

Binucleate

Temp. AG4 AG2-2 AGS5 Rhizoctonia spp.

©) w B BS w B w B BS B BS

10 22.6 dD* 20.6 fE 17.0 fG 18.3 fF 19.0 dF 25.3¢B 26.0 eB 30.6 eA 24.0dC 20.6 eE
15 37.6 cC 29.0 eF 29.0 eF 29.3 eF 27.6 cF 38.6 cBC 40.0 dB 46.3 dA 35.3cD 31.6 dE
20 68.6 bA 50.0 cC 49.6 cC 44.0 cD 39.0 bE 64.3 cB 64.0 cB 69.0 cA 49.3bC 50.6 cC
25 82.0 aA 63.0 bD 70.0 bC 53.6 bEF 50.6 aF 77.0 aB 75.3 aB 80.3 aA 55.6 aE 62.0 bD
30 82.0 aA 66.0 aE 76.6 aB 59.3 aF 53.6 aH 73.6 bC 68.3 bD 73.0 bC 56.0 aG 64.6 aE
35 38.3cA 37.0 dAB 38.3dA 35.3dB 19.6 dD 16.3 fE 15.0 fE 15.3 fE 13.0 eF 21.6eC

*Colony diameter (mm) after 48 hr of growth on potato-dextrose agar.
YHost from which isolate was recovered: B = mature beet, BS = beet seedling, and W = wheat seedling.

“Means in a column followed by the same lowercase letter or in a row followed by the same uppercase letter are not significantly different
(P = 0.05) according to Duncan’s multiple range test.

Table 4. Emergence of sugar beet seedlings from soil infested with isolates of Rhizoctonia

spp-
Test 1’ Test 2

Isolate” 7 Day* 11 Day 7 Day 14 Day
None 93a 9.1 ab 9.2a 9.0a
BS-binucleate 9.1a 9.1 ab 8.7a 9.2a
B-binucleate 9.7a 9.7a 85a 9.1a
BS-AGS 9.7a 9.0 ab 89a 85a
B-AGS 9.1a 8.1b 82a 7.7a
W-AGS 9.1a 8.5 ab 92a 9.1a
B-AG2-2 52b 1.9 de 6.7b 49b
W-AG2-2 85a 55¢ 6.2b 3.9 bc
BS-AG4 55b 2.1d 1.7¢ 1.6d
B-AG4 52b 1.6 de 60b 2.6 cd
W-AG4 32¢ 0.7¢ 29c 2.1d

*Letters preceding AG designation indicate host from which isolate originated: B = mature

sugar beet, BS = sugar beet seedling, and W =

wheat.

YStand counts were taken twice in each test. In test 1, the first count was 7 days after planting
and the second 11 days after planting. In the second test, the first count was 7 days after

planting and the second 14 days after planting.

*Values represent the mean number of seedlings emerged from eight replications, with ten
seeds planted per pot. Values in each column followed by the same letter are not significantly
different (P = 0.05) according to Duncan’s multiple range test.

grew best between 20 and 30 C. In the
first test, isolates grew best at 20-25 C,
and in the second test at 25-30 C. Radial
growth at temperatures less than 20 C
or greater than 30 C was always dramat-
ically reduced.

Isolates within a particular AG usually
grew at similar rates, but the small differ-
ences were often statistically significant.
An exception to this was the AG4 isolate
from mature sugar beet in test 1 (Table
2), which grew relatively well at cool
temperatures, but at high temperatures
its growth rate was far less than that of
the other two AG4 isolates from beet and
wheat seedlings. In the second test, these
differences were less pronounced but still
apparent at 25-30 C.

Although differences within an AG
generally were small, differences among
AGs frequently were great, especially
among certain isolates. In both tests, the
AG4 isolate from wheat was significantly
more vigorous at 20-35 C than were most
other isolates; but at 10-15 C, it was only
intermediate in growth. Conversely, the
AGS isolate from beet seedling grew
much better at 10 or 15 C than did the
other isolates. Generally, AG4 and AG5
isolates were more vigorous at all

temperatures than were AG2-2 and
binucleate Rhizoctonia isolates.

Pathogenicity determinations. In
pathogenicity tests on mature beets, only
the isolates of AG2-2 and AG4 from
mature beet caused infection, with the
AG2-2 isolate being the more virulent
(disease index value of 4). The isolates
of AG2-2 from wheat and of AG4 from
beet were much less virulent, with disease
index values of 1.7 and 1.3, respectively.

Because repeated pathogenicity tests
with sugar beet seedlings were signifi-
cantly different, data for both tests are
shown (Table 4). Only isolates of AG2-
2 and AG4 significantly affected emer-
gence. In both tests, the AG4 isolate from
wheat caused mostly preemergence
damping-off, while the other isolates of
AG4 and AG2-2 caused more postemer-
gence damping-off. None of the other
isolates affected either preemergence or
postemergence damping-off.

None of the isolates greatly reduced
the emergence of corn, cotton, sorghum,
or wheat (Table 5), although some stands
were significantly less than the nonin-
fested control. Varying degrees of infec-
tion, as indicated by the disease index
(DI), were observed with most isolates

(Table 5). In general, symptoms con-
sisted of necrotic or discolored local
lesions but no extensive root deteriora-
tion. Random isolations from sympto-
matic roots and stems from all host-
isolate combinations typically yielded
cultures of Rhizoctonia spp. Plants in
noninfested soils were generally free of
root lesions and disease symptoms.

DISCUSSION

Ninety-five percent of all R. solani
isolates from wheat collected in the Texas
Panhandle were AG4. Sterne and Jones
(18) also found R. solani AG4 to be the
primary AG of R. solani infecting wheat
in Arkansas, but they isolated mainly
from sharp eyespot lesions on wheat
stems. In this study, isolations were made
from crown and leaf sheath tissues from
young wheat seedlings (=4 on Feeke’s
scale). Sharp eyespot lesions are
frequently seen on older wheat in the
Texas Panhandle. However, it is not
known if the isolates of R. solani AG4
we obtained would cause the same
disease described by Sterne and Jones,
although they indicated that their isolates
from sharp eyespot lesions also were
virulent to wheat seedlings (18).

The other two isolates of AG4 used
in this study differed in their effect on
wheat. The isolate from beet seedling was
virulent, but the one from beet was not.
Variation in virulence among isolates of
R. solani within an AG is not uncommon
(1,4,22). Therefore, the lack of virulence
of the beet AG4 isolate to wheat was
not surprising. Similar differences
among isolates were also observed with
AG5 on corn and cotton; binucleate
Rhizoctonia-like isolates on corn,
cotton, and sorghum; AG2-2 on corn;
and AG4 on sorghum.

Although AG4 was by far the pre-
dominant pathogen on wheat, an AG2-
2 and an AGS5 were also recovered from
diseased seedlings. These could have
been growing saprophytically on dead
tissue, since it is known that cortical
tissues on wheat and other crops slough
off and provide a rich food source for
soil microorganisms (3,5,8,14,15). How-
ever, in virulence tests, not only the AG5
isolated from wheat but also the two
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Table 5. Effects of several isolates of Rhizoctonia species on four crops grown in rotation with sugar beet

Corn Cotton Sorghum Wheat
Isolate* Emerged’ Dr Emerged DI Emerged DI Emerged DI
None 10.0 a 00f 75a 00e 9.0 ab 02e¢ 9.2 ab 0.0f
BS-binucleate 9.1 ab 08¢ 75a 04e 8.9 ab I.1d 9.2 ab 04de
B-binucleate 8.9 ab 1.3d 80a 14d 9.6a 1.7¢ 8.7 ab 0.2 ef
BS-AGS5 9.2 ab 1.5d 6.7a 22c¢ 9.1 ab 2.1b 9.6a 20c
B-AGS 8.9 ab 2.3b 75a 2.4 bc 8.7 abc 2.3 ab 8.7 ab 2.1c
W-AGS 9.4 ab 2.2 bc 6.9 a 2.8 ab 8.6 bc 2.2 ab 9.2 ab 2.3 bc
B-AG2-2 7.6c 30a 45b 2.9 ab 9.3 ab 2.0 be 8.0b 1.3d
W-AG2-2 8.6 be 25b 72a 2.4 be 8.7 abc 2.3 ab 8.7 ab 1.0d
BS-AG4 8.9 ab 19¢ 49b 32a 79c¢ 2.2 ab 8.6 ab 2.7a
B-AG4 8.6 be 19¢ 4.7b 2.7 ab 8.9 ab l6c . 8.1b 05e
W-AG4 9.2 ab 2.2 be 6.6 a 2.4 bc 8.6 be 25a 8.7 ab 2.6 ab

*Letters preceding AG designation indicate host from which isolate ori

= wheat.

YValues represent the mean of two stand counts taken in each re
merged for ease of presentation. Means followed b

by Duncan’s multiple range test.

*Disease index (DI) was based on a 0-4 scale, with 0 = no disease symptoms and 4 = dead plant.

other isolates of AGS5 caused significant
damage to wheat seedlings, while isolates
of AG2-2 caused minimal damage.

It was interesting that neither of the
binucleate Rhizoctonia spp. in this study
were pathogenic. Similar results have
been reported by others (7,20). In a study
by Windels and Nabben (20) using 361
isolates from sugar beets, approximately
10% were found to be binucleates. These
were nonpathogenic to either mature
sugar beets or seedlings. However, others
have found binucleate Rhizoctonia to be
highly virulent. R. cerealis has been
reported to cause sharp eyespot on wheat
(9) and also reduced sugar beet stand
establishment (11). The two binucleate
isolates in this study and those tested by
Windels and Nabben (20) were not
identified to species.

As reported in other studies, the main
AG isolated from mature sugar beets was
AG2-2 (6,7,12,13). The two isolates of
AG2-2 used in pathogenicity studies were
virulent both on mature beets and on
beet seedling, although they were not as
consistently virulent on sugar beet
seedlings as were the isolates of AG4.
In contrast to another report (20), the
isolates of AGS5 used were nonpathogenic
on sugar beet seedlings, which was
unexpected in view of the frequency with
which AGS5 was isolated from diseased
beet seedlings.

In the Texas Panhandle, wheat usually
precedes sugar beets in rotation. There-
fore, from a disease management stand-
point, it is significant that the predomi-
nant AG on wheat was AG4, which is
also highly virulent on sugar beet seed-
lings. Since AG4 is so common on wheat,
it is somewhat surprising that damping-
off of sugar beet seedlings is not more
common. However, this can be partially
explained by the temperature optimum
for linear growth of AG4. Sugar beets
are typically planted in cool soils ranging
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around 15 C or lower. As indicated by
the results in Table 2, AG4 grows much
more vigorously at warmer temperatures
(25-30 C). Therefore, sugar beet seed-
lings may often escape infection by R.
solani because temperatures are below
the optimum for fungal growth. The fact
that AG4 is more vigorous at higher
temperatures also helps explain why root
rot of wheat is more severe in August
plantings than when wheat is planted in
late September or October when soil
temperatures are much cooler. The
results of this study should be beneficial
to Texas growers making decisions about
planting time and sequence of rotation
crops.
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