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ABSTRACT: Morphological and cultural characteristics of fungi causing rice sclerotial diseases
were examined. Hyphal widths of R. soleni and R. oryzae were same and ranged 6.0-12.0 um with
average 9.0um, the widest among those of the sclerotial fungi examined. Hyphal width of R. oryzae-
sativae ranged 6.0-9.0um with average 7.4um. Hyphal width of R. cerealis was the narrowest among
those of Rhizoctonia species examined, and the same was hyphal width of S. oryzae among those
of Sclerotium species. Nuclear staining by HCL-Giemsa method showed that R. solani and R. oryzae
had many nuclei within one hyphal cell, S. oryzae one nucleus, and the other sclerotial fungi mostly
two nuclei. The nuclear number of R. solani was the largest, which ranged 2-17 with average 6.3.
Average size of sclerotia of the sclerotial fungi except S. hydrophilum and S. oryzae produced in
‘lesions ranged 1.0-2.0mm. Average size of sclerotia of S. hydrophilum and S. oryzae was 0.5Smm
and 0.24mm, respectively. Sclerotia of R. solani and R. oryzae produced in culture were more variable
in size and larger than those produced in lesions. However, the sclerotial sizes of the other sclerotial
fungi produced in culture were almost the same as those produced in lesions. Sclerotial colors
of sclerotial fungi produced in lesions were similar to those produced in culture, but sclerotial
shapes of some sclerotial fungi exhibited somewhat difference between the sclerotia produced in
lesions and in culture. Optimum temperature for mycelial growth of R. cerealis was 23T, and
that of the other sclerotial fungi ranged from 27 to 33C. Maximum temperature for mycelial
growth of some sclerotial fungi was as high as 41T, while that of R. cerealis was as low as 31T,
Minimum temperature for mycelial growth of R. cerealis was 2T, and that of the other sclerotial
fungi ranged from 6 to 10T.
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Various sclerotial fungi are associated with oc-
currence of rice sclerotial diseases in the paddy
field (Hashioka and Makino, 1969; Kim and Yu,
1990; Nakata and Kawamura, 1939; Nonaka ef al.,
1980; Oniki, 1979; Ou, 1985). It is very difficult
to identify the sclerotial fungi because that they
rarely produce the perfect or conidial states on
the host or in culture. Special culture methods
have been improved for the production of the per-
fect states of some sclerotial fungi (Oniki et al.,
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1986). However, cultural conditions for the produ-
ction of the perfect states are very limited. There-
fore, descriptions on the systematic morphological
and cultural characteristics of the mycelial states
of the sclerotial fungi could be very helpful to
identify them. Some morphological or cultural
characteristics of several sclerotial fungi from rice
plants have been reported (Hashioka and Makino,
1969; Inagaki and Adachi, 1987; Oniki, 1979; Ou,
1985) but not thoroughly. In this study, morpholo-
gical and cultural characteristics of the mycelial
states of the sclerotial fungi from rice plants were
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examined and compared.

Materials and Methods
Isolates: Isolates of Rhizoctonia cerealis van
der Hoeven, R. fumigata (Nakata ex Hara) Gunnell
and Webster, R. oryzae Ryker et Gooch, R. oryzae-
sativae (Sawada) Mordue, R. solani Kuhn, Sclero-
tium hydrophilum Sacc., S. oryzae Catt., and Sclero-
tium sp. obtained from diseased rice plants were
used for the investigation of their morphological
and cultural characteristics. Their original source
was described in the previous report (Kim and
Yu, 1990).

Investigation of hyphal width and nuclear num-
ber: The isolates of sclerotial fungi were cultu-
red on sterile slide glasses coated with potato de-
xtrose agar (PDA) for the investigation of hyphal
widths and nuclear numbers within hyphal cells.
The slide-glass cultures were incubated two to
four days at 25C . Hyphal width of each sclerotial
fungus was measured under a light microscope
with a micrometer. Fifty cells of main hyphal stra-
nds per isolate were measured from hyphal tip
cells to lower hyphal cells.

Nuclear number in hyphal cells of each sclero-
tial fungus was examined by the HCL-Giemsa
staining method used by Herr (1979). One hund-
red hyphal cells per isolate except hyphal tip cells
were examined by light microscopy.

Investigation of sclerotial morphology: Two
isolates of each sclerotial fungus were used for
sclerotial formation. Each isolate was cultured in
PDRC media (100 m/ of potato dextrose broth plus
30g of rice chaff) in a 500 mi-flask at 25-28°C for
50 days. Fifty sclerotia produced in PDRC media
per isolate were measured by a micrometer cali-
per or a light microscope with a micrometer, and
their color and shape were examined.

Each inoculum cultured in PDRC media was
inoculated to rice plants at the booting stage of
cultivars Shingkwang and Dongjin cultivated in
1/5000a wagner pots with sterile soil. Size of scle-
rotia produced in lesions was measured 60 days
after inoculation, and the color and shape of the
sclerotia were examined.

Investigation of temperature range for mycelial
growth: Temperature range for mycelial growth
of the isolates of sclerotial fungi was investigated
in PDA culture. Optimum temperature for myce-
lial growth of the isolates was examined from 21
to 33C at 2 intervals, minimum temperature
for that from 2 to 10C at 2C intervals, and maxi-
mum temperature for that from 33 to 42C at 1T
intervals. The positive criterion for the mycelial
growth at the minimum and maximum temperatu-
res was above the growth rate of lmm per 24hr.

Results

Hyphae of most sclerotial fungi were variable
in their width (Table 1). Hyphal widths of R. so-
lani and R. oryzae were same and ranged 6.0-12.0
um, the widest among those of the sclerotial fungi
examined. Hyphal width of R. oryzae-sativae ra-
nged 6.0-9.0um with average 7.4pum. Hyphal width
of R. cerealis was the narrowest among those of
Rhizoctonia species examined, and the same was
hyphal width of S. oryzae among those of Sclero-
tium species. Hyphal widths of R. fumigata and
S. hydrophilum were almost same.

Nuclear staining by HCL-Giemsa method sho-

Table 1. Hyphal width of sclerotial fungi isolated

from rice plants

Hyphal width(um)
. No. of isolates
Sclerotial fungi

examined
Range Average
Rhizoctonia cerealis 3 4.0-7.0¢ 5.2
R. fumigata 3 4.0-8.0 6.0
R. oryzae 4 6.0-12.0 9.0
R. oryzae-sativae 4 6.0-9.0 74
R. solani 8 6.0-12.0 9.0
Sclerotium hydvophilum 4 5.0-8.0 6.2
S. oryzae 3 24-40 3.2
Sclerotium sp. 4 4.0-7.0 5.6

“Fifty cells of main hyphal strands per isolate were
measured from hyphal tip cells to lower hyphal cells
by light microscopy.
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Table 2. Karyological characteristics of sclerotial fungi

isolated from rice plants

No. of nuclei per

No. of isolates hyphal cell
Sclerotial fungi .
examined
Range  Average

Rhizoctonia cerealis 3 1-3° 2.0
R. fumigata 3 13 20
R. oryzae 4 19 42
R. oryzae-sativae 4 1-3 2.0
R. solani 8 2-17 6.3
Sclerotium hydrophilum 4 1-3 2.0
S. oryzae 3 1 1.0
Sclevotium sp. 4 1-3 2.0

*One hundred hyphal cells per isolate were examined
by HCL-Giemsa method. Hyphal tip cells were exc-
luded from the examination.

wed that R. solani and R. oryzae had many nuclei
within one hyphal cell, S. oryzae one nucleus, and
the other sclerotial fungi mostly two nuclei (Table
2). The nuclear number of R. solani was the lar-
gest, which ranged 2-17 with average 6.3. Distri-
bution of the nuclei in the hypal cells of the scle-
rotial fungi was shown in Fig. 1 through Fig. 8.

Sclerotia produced in lesions and in culture

were very variable in their size (Table 3). Average
size of sclerotia of the sclerotial fungi except S.
hydrophilum and S. oryzae produced in lesions ra-
nged 1.0-2.0mm. Average size of sclerotia of S.
hydrophilum and S. oryzae was 0.5mm and 0.24mm,
respectively. Sclerotia of R. solani and R. oryzae
produced in culture were more variable in size
and larger than those produced in lesions. Howe-
ver, the sclerotial sizes of the other sclerotial fu-
ngi produced in culture were almost the same
as those produced in lesions.

Sclerotial colors of sclerotial fungi produced in
lesions were similar to those produced in culture,
but sclerotial shapes of some sclerotial fungi exhi-
bited somewhat difference between the sclerotia
produced in lesions and in culture (Table 4). R.
cerealis, R. oryzae, and R. oryzae-sativae produced
cylindrical sclerotia besides irregular or globular
sclerotia in lesions but not those in culture. R.
fumigata produced globular or irregular sclerotia
in lesions but only irregular ones in culture. Scle-
rotial shapes of the other sclerotial fungi exhibited
no difference between the sclerotia produced in
lesions and in culture.

Optimum temperature for mycelial growth of
R. cerealis was 23T, and that of the other sclero-
tial fungi ranged from 27 to 33C (Table 5). Maxi-

Table 3. Sclerotial size of sclerotial fungi isolated from rice plants

Size(mm) of sclerotia produced in

Sclerotial fungi Lesion Culture
Range Average Range Average

Rhizoctonia cerealis 03 -2.2° 10 04 -25° 11
R. fumigata 0.3 -2.0 1.2 0.3 -2.0 1.2
R. oryzae 05 45 16 0.5 -80 21
R. oryzae-sativae 03 -2.2 1.2 03 -25 09
R solani 05 -5.0 2.0 0.5-10.0 3.0
Sclerotium hydvophilum 0.3 -1.0 0.5 0.3 -2.0 0.5
S. oryzae 0.15-0.32 0.24 0.15-0.4 0.2
Sclevotium sp. 05 -3.0 1.0 04 -35 0.9

“Two isolates and two rice cultivars Shinkwang and Dongjin were used. Each isolate was inoculated to rice
plants at the booting stage. The size of sclerotia was measured 60 days after inoculation.
"Two isolates per species were cultured in PDRC media at 23-28C for 50 days. Fifty sclerotia per isolate

were measured.
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Figs 1-8. Nuclear distribution in the hyphal cells of sclerotial fungi. The scale bars represent 20um.
1, Rhizoctonia solani; 2, R. oryzae; 3, R. oryzae-sativae; 4, R. cerealis; 5, R. fumigata; 6, Sclevotium hydrophi-
lum; 7, S. oryzae; 8, Sclerotium sp.
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Table 4. Description on color and shape of sclerotia of sclerotial fungi isolated from rice plants

Sclerotial fungi

Color of sclerotia
produced in

Shape of sclerotia
produced in

Lesion Culture Lesion Culture

Rhizoctonia cevealis Dark brown, Brown, Irregular, Irregular
black dark brown cylindrical

R. fumigata Grey, Brownish grey, Globular, Irregular,
brownish grey pale brown irregular,

R. oryzae Yellow, Pale red, Irregular, Irregular,
pale red red, salmon cylindrical

R oryzae-sativae Pale brown, Pale brown, Globular, Globular,
brown, dark brown irregular, irregular
brown cylindrical

R. solani Brown, Brown, Globular, Globular,
dark brown dark brown irregular irregular

Sclerotium hydrophilum Brown, dark Brown, dark Globular, Globular,
brown, black brwon, black irregular irregular

S. oryzae Black Black Globular Globular

Sclerotium sp. Pale brown, Pale brown, Globular, Globular,
brown, dark brown, dark irregular irregular
brown brown

Table 5. Temperature range for mycelial growth of

sclerotial fungi isolated from rice plants

Temperature(C )

Sclerotial  No. of for mycelial growth
fungi isolates
examined Minimum Optimum Maximum
Rhazoctonia 3 2 23 31
cerealis
R. fumigata 3 6 29-31 35
R. oryzae 4 10 31-33 41
R. oryzae- 4 8 31-33 41
sativae
R. solani 8 10 27-29 35
Sclerotium 4 8 31-33 41
hydrophilum
S. oryaae 3 6 27-29 34
Sclerotium sp. 4 10 29-31 40

mum temperature for mycelial growth of some
sclerotial fungi was as high as 41T, while that
of R. cevealis was as low as 31C. Minimum tem-
perature for mycelial growth of R. cerealis was
2C, and that of the other sclerotial fungi ranged
from 6 to 10T.

Discussion

Hyphal widths of most sclerotial fungi are diffe-
rent among the species except those of R. solan:
and R. oryzae which are same. The hyphal width
of R. solani examined by the author is almost con-
sistent with other reports (Nonaka ef al., 1979;
Ou, 1985). The hyphal width of R. oryzae is consis-
tent with that reported by Inagaki and Adachi
(1987) but wider than those by other workers
(Nonaka et al., 1979; Ou, 1985). It has been repor-
ted that hyphal widths of R fumigata, R. oryzae-
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sativae, and S. hydrophilum are almost same (Ina-
gaki and Adachi, 1987; Nonaka et al., 1979). This
study also reveals that hyphal widths of R. fumi-
gala and S. hydrophilum are almost same. Howe-
ver, they are narrower than that of R. oryzae-sati-
vae. The hyphal width of R. oryzae-sativae exami-
ned by the author is wider than those reported
by other workers (Inagaki and Adachi, 1987; No-
naka et al., 1979; Ou, 1985). It is probable that
hyphal widths of R. oryzae and R. oryzae-sativae
vary among the isolates.

Nuclear numbers within the hyphal cells of sc-
lerotial fungi examined by the author are similar
to those reported by other workers (Flentje et al.,
1963; Fukano, 1932; Hashioka and Makino, 1969;
Inagaki and Makino, 1974; Nonaka et al., 1980).
The nuclear numbers within the hyphal cells
should be a character for the classification of scle-
rotial fungi, although those of some Rhizoctonia
and Sclerotium species are same. It is certainly
revealed that R. solani and R. oryzae are multinuc-
leate, R. cerealis, R. fumigata, R. oryzae-sativae, S.
hydrophilum, and Sclerotium sp. binucleate, and
S. oryzae mononucleate. It is not thoroughly possi-
ble to distinguish the sclerotial fungi into Rhizoc-
fonia or Sclevotium species with only the nuclear
number.

Sclerotia of sclerotial fungi are different or oc-
casionally same in their size, color, and shape ac-
cording to the species. Morphological characteris-
tics of the sclerotia are similar to those described
by other workers (Nonaka and Kaku, 1973; Oniki,
1979; Ou, 1985). Kim and Kim (1988) reported
that lots of sclerotia were distributed in paddy
fields, and various species of sclerotial fungi were
identified from the sclerotia collected. It is very
difficult to identify directly the species of sclerotia
collected from the field. The descriptions on the
morphological characteristics of sclerotia should
be very helpful to identify the sclerotia of some
sclerotial fungi but not sufficient to identify clearly
all the sclerotia.

The temperature range for mycelial growth of
sclerotial fungi from rice plants is broad and ge-
nerally agrees with other reports (Hashioka and
Makino, 1969; Inagaki and Adachi, 1987; Oniki,

1979; Ou, 1985). The maximum temperature of
some sclerotial fungi is as high as 41C. In addi-
tion, the optimum temperature for mycelial growth
of most sclerotial fungi except R. cerealis ranges
from 27 to 33C. Accordingly it is likely that the
growing season of rice is suitable for the outbreak
of most sclerotial diseases in terms of tempera-
ture. The optimum temperature for mycelial gro-
wth of R. cerealis is as low as 23, suggesting
that the fungus mostly attacks rice plants at low
temperatures. The minimum temperature for my-
celial growth of the sclerotial fungi ranges from
2 to 10C. Most sclerotial fungi from rice plants
also are tolerant to sub-freezing temperatures
(Makino and Inagaki, 1977). It is considered that
sclerotial fungi adapt themselves to broad range
of temperatures for their subsistence.

The morphological characteristics of some scle-
rotial fungi from rice plants are same or similar
in their hyphal widths, nuclear numbers or sclero-
tial shapes, but those of the others not. The tem-
perature ranges for mycelial growth of the sclero-
tial fungi show the same tendency. Accordingly
it is very difficult to identify clearly the sclerotial
fungi with a few data on the morphological and
cultural characteristics. The data of this study
should be very helpful to identify clearly the my-
celial states of the sclerotial fungi.
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