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ABSTRACT. During 2008~2009 winter season, yellow patch and gray snow mold occurred on turfgrass plants in
golf courses in Kangwon and Jeonbuk provinces, respectively. The fungi associated with the diseases were identified
as Rhizoctonia cerealis Van der Hoeven and Typhlua incarnata Lasch ex Fr., based on the morphological
characteristics of hyphae and sclerotia. R. cerealis and T. incarnata were pathogenic to most turfgrass and crop
species tested. R. cerealis infected crown, stem and leaf tissue of the host plants, and the symptom was light yellow
circular patch. Individual infected leaf near the margin of patch developed red color first and finally turn brown. The
symptoms caused by gray snow mold pathogen are water-soaked spots, and became a watery soft rot. Infection parts
became yellow and then turned brown followed by death of the whole plant. White mycelia were developed on
higher petioles, leaves, and on soil where these plant parts lay, and black sclerotia of variable size and shape formed
in the mycelial mass. All isolates tested were pathogenic on most turfgrass and crop plants, and significantly
different in aggressiveness. Disease severity increased with longer snow cover days on target plants, suggesting that
disease severity was expressed over snow cover days. There were significant differences in disease severity among
the graminious species, and among cultivars within each species, indicating varying levels of susceptibility to R.
cerealis and T. incarnata.
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Table 1. List of plant pathogenic isolates used in this study.
No. Isolate ch ?{gyr’ aggf]iﬁzeg)m Host Scientific name Disease name

1  YU-GB7R-4 Kosung, Gangwon Perennial ryegrass Rhizoctonia cerealis Yellow patch

2 YU-GB9R-2 Kosung, Gangwon Kentucky bluegrass R. cerealis Yellow patch

3 YU-GBY9R-4 Kosung, Gangwon Kentucky bluegrass R. cerealis Yellow patch

4  YU-PIF-2 Yangyang, Gangwon  Kentucky bluegrass R. cerealis Yellow patch

5 YU-P6F-3 Yangyang, Gangwon  Kentucky bluegrass R. cerealis Yellow patch

6 YU-MUC3-1 Muzu, Jeonbuk Kentucky bluegrass TByphula incarnata Gray snow mold

7  YU-MUIIT-1 Muzu, Jeonbuk Creeping bentgrass T. incarnata Gray snow mold

8  YU-MUI6G-1 Muzu, Jeonbuk Creeping bentgrass T. incarnata Gray snow mold

9 YU-MUI6R-1 Muzu, Jeonbuk Kentucky bluegrass T. incarnata Gray snow mold
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Table 2. Responses of turfgrass and crop plants against Rhizoctonia cerealis and Typhula incarnata isolates under controlled

conditions.
Disease severity(%)
Species Cultivar Rhizoctonia cerealis isolate Typhula incarnata isolate
17 2 3 4 6 7 8 9
Turfgrass”
Creeping bentgrass Penncross 9.2a% 19.2a 9.2a 10.8a 15.0a 14.2a 22.5a 39.2a
Zoysiagrass 0.0b 7.5b 5.8b 0.0b 10.8a 10.8ab  12.5b 17.5b
Perennial ryegrass  Brightstar SLT 9.2a 6.7b 8.3a 2.5b 7.0b 7.0b 15.8b 16.7b
Kentucky bluegrass Prosperity 7.5a 7.0b 5.8b 2.5b 6.7b 7.5b 15.8b 17.5b
Crops™
Barley Chapssal 7.5a 5.8a 0.0a 0.0a 0.0a 0.0a 7.5a 5.0a
Wheat Alchan 0.0b 0.0b 0.0a 0.0a 0.0a 0.0a 0.0b 4.2a

“ Each number is listed in Table 1. Disease severity was based on percent area diseased. * Disease severity was based on percent of plants
diseased. * Values in column with different letters show significant differences at P = 0.05 according to the Fisher’s protected least significant

difference (LSD) test.
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Table 3. Effect of snow cover days on disease development in turfgrass and crop plants with Rhizoctonia cerealis and Typhula

incarnata isolates in the growth chamber.

Rhizoctonia cerealis isolate 2*

TByphula incarnata isolate 9*

Species Cultivar

20 30 40 20 30 40
Turfgrass”

Creeping bentgrass L-93 4.2a% 13.3a 67.5a 15.8a 30.0b 80.0a
Crenshaw 4.0a 12.3a 74.2a 16.7a 32.5b 80.8a
Penncross 5.8a 14.2a 72.5a 20.0a 49.2a 89.2a

LSDy s 2.3 3.5 6.7 5.2 7.4 10.3
Kentuky bluegrass Midnight 5.0a 12.8a 20.0b 12.5ab 17.5¢ 36.7b
Blue berry 3.3a 9.0a 12.5b 8.0b 15.8¢c 35.8b
Prosperty 4.2a 9.8a 15.0b 10.0ab 17.5¢ 32.5b

LSDy s 3.2 4.1 6.3 3.1 4.4 3.5
Perennial ryegrass Eagle 42a 9.0a 15.0b 5.8b 15.0c 29.2b
Paragon GLR 0.0b 9.8a 15.8b 4.2b 13.7¢ 33.3b
Brightstar SLT 4.5a 10.7a 23.3b 3.3b 15.8¢ 33.3b

LSDy s 2.1 3.4 8.2 32 49 5.1
Zoysiagrass Milok 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c
Senok 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c
Kunwoo 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c
Zenith 53a 8.2a 15.3b 12.5ab 23.7¢c 32.7b
Dlzandi 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c
Kumzandi 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c
Anyangzunggi 0.0b 0.0b 0.0c 0.0a 0.0a 0.0c

LSDy s 23 3.1 5.2 43 6.8 8.4

Crop™

Barley Chapssal 6.3a 8.4a 10.6a 5.4a 10.2a 13.5a
Wheat Alchan 0.0b 53a 8.6a 5.0a 8.4a 14.8a

LSDy s 1.5 23 3.5 2.1 3.8 42

” Isolate number is listed in Table 1. ¥ Disease severity was based on percent area diseased. * Disease severity was based on percent of plants
diseased. * Values in column with different letters show significant differences at P = 0.05 according to the Fisher’s protected least significant

difference (LSD) test.
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Table 4. Disease severity of turfgrass plants inoculated with isolates of Rhizoctonia cerealis and Typhula incarnata in the growth

chamber.
Fungi
Species Cultivar Rhizoctonia cerealis Dyphula incarnata
1% 2 3 4 5 6 7 8 9
Turfgrass”
Creeping bentgrass Penncross 70.0a% 858a 85.0a 71.7b  67.5b 942a  683a 9l1.7a 99.2a
Zoysiagrass 583a 90.8a 92.5a 95.8a 88.3a 97.5a 742a  953a 99.2a
Perennial ryegrass  Brightstar SLT 55.8a 20.0b 19.2b  70.0b  56.7b 37.5b  20.8b 80.0ab 90.8a
Kentucky bluegrass Prosperity 12.5b  233b  23.3b 84.2a  30.0c 25.0b 5582  69.2b 84.2a
Crop*®
Tall fescue Poun 392a 783a 77.5a 74.2a 59.2a 20.0a 19.2a  95.8a 99.2a
Orchard grass Cody 40.0a 66.7a 65.8a 71.7a  55.8a 19.2a 12.5a 48.3b 90.0a
Italian ryegrass Cospid 392a  5.0b 4.2b 9.2b 5.8b 0.0c 0.0b  20.8c 36.7b
Barley Chapssal 43b 79  0.0b 4.2b 5.6b 0.0c 0.0b 5.8d 27.5b
Rye Gokwoo 6.5b 83b 4.1b 5.4b 5.4b 7.5b 0.0b 5.8d 0.0c
Wheat Alchan 62b  65b  3.5b 4.1b 5.2b 5.8b 0.0b 5.8d 0.0c
Barley Taekwang 9.3b 72b 3.9 3.1b 7.4b 7.5b 0.0b 7.5d 0.0c
Oat Samhan 82b 6.5b 4.4b 3.0b 6.5b 10.8b 0.0b 6.7d 0.0c

* Each number is listed in Table 1. ¥ Disease severity was based on percent area diseased. * Disease severity was based on percent of plants
diseased. ™ Values in column with different letters show significant differences at P = 0.05 according to the Fisher’s protected least significant

difference (LSD) test.

U FES) Aol AelM BhEIdc
A QAT e Al s) SEs A
A

2 M
¢ étu?
o 0

2y
B
d
i)
M
N
N
N,
o
ok
(o
i
2
o
b
i3
oY,
L)
32
(g, r oo
o
= =
o
=)

o
~
o 4 Lo

2y o
(I
Loz oo g o Lo

OIN 1=
>

flo

S

>

Aoz A
A

=1
1%
o
)
oX,
ol
32
K]
ok,
T
ox
flo
>
>,
N,
o)
o
N o
_(2/ =
o 2 i
Ny M o2
R A« N T (O

off o
_\|I_‘
_0|L
fr
ol
ot
o
9
)
o
e
k)
2L
i
Mo
i R
0,
1o
o
|
oM

rr
ok
o
=
W A2
ok
e
)
=
_>|.1_A‘
9
b
=
A
2w
o
i)
—r
ok
o
Y
9
- T

FR0{: sIEH=E, A& H 7Y, Rhizoctonia cerealis, A2

18, 2, Bphlua incanata, Yellow patch
2tArel 2

2 A= 2008 SRlSAT 7] 2 2HA (FAHE KRF-
2008-313-C00854) Aol ©Jal Fa = AFHTE B AF
AR R AA FsUsta vho] 2.2 o &A1 4l E (Bio-RIC)
QA Aol o8 4R FAEAFUL ol 7

1

7

. Bruehl, GW. 1982. Developing wheat resistant to snow mold

in Washington State. Plant Dis. 66:1090-1095.

.Burpee, L. 1980. Rhizoctonia cerealis yellow patch of

turfgrass. Plant Dis. 64:1114-1116.

.Burpee, L. and B. Martin. 1992. Biology of Rhizoctoinia

species associated with turfgrasses. Plant Dis. 76:112-117.

. Chang, S.W., T.H. Chang, R.A.B. Abler, and G Jung. 2007.

Variation in bentgrass susceptibility to Byphula incarnata and
in isolate aggressiveness by geographic origin under controlled
environment conditions. Plant Dis. 91:446-452.

. Chang, S.W., T.H. Chang, B.J. Choi, J.H. Song, K.S. Park, and

Y.T. Rho. 2009. Antagonistic effects of Pseudomonas spp.
against turfgrass pathogenic soil fungi. Kor. Turfgrass Sci.
23:209-218.

. Chang, S.W., T.H. Chang, L. Tredway, and G. Jung. 2006a.

Aggressiveness of Typhula ishikariensis isolates to cultivars of
bentgrass species (4grostis spp.) under controlled environment
conditions. Plant Dis. 90:951-956.

. Chang, S.W. and G. Jung. 2008. The first linkage map of the



10.

11.

12.

13.

14.

15.

16.

17.

Kor. Turfgrass Sci.

plant-pathogenic  basidiomycete ishikariensis.

Genome 51:128-136.

Dphula

.Chang, S.W., E. Scheef, R.A.B. Abler, M.K. Clayton, P.

Thomson, P. Johnson, and G. Jung. 2006b. Distribution of
Typhula species and T. ishikariensis varieties in Wisconsin,
Utah, Michigan and Minnesota states. Phytopathology 96:926-
933.

. Ergon, A. and A.M. Tronsmo. 2006. Components of pink snow

mould resistance in winter wheat are expressed prior to cold
hardening and in detached leaves. J. Phytopathology 154:134-
142.

Gaudet, D.A., A. Laroche, and M. Yoshida, 1999. Low
temperature-wheat-fungal  interactions: A
connection. Physiol. Plant 106:437-444.
Hsiang, T., N. Matsumoto, and S.M. Millett, 1999. Biology and
management of Tjphula snow molds of turfgrass. Plant Dis.
86:788-798.

Iriki, N. 1991. Minimum number of replications to estimate

carbohydrate

snow mold resistance of wheat under field condition. Bull.
Hokkaido Natl. Agric. Exp. Stn. Rep. 156:91-162.

Iriki, N. and T. Kuwabara. 1992. Field resistance of winter
wheat varieties(Triticum aestivum) to Typhula ishikariensis
biotype A, B or C in artificially infected plots. Japanese J. of
Breeding. 42:843-852.

Jung, G, S.W. Chang, and Y-K. Jo. 2007. A fresh look at
fungicides for snow mold control. Golf Course Management
7:91-94.

Kim, D.H., E.S. Kim, S.K. Kim, GM. Shon, and GW. Song.
2003. Practice in dual-purpose barley for forage and grain with
early-sown barley having different winter habits. Korean J.
Crop Sci. 48:495-500. (In Korean)

Kim, J.H., GY. Shim, H.M. Lee, H.S. Moon, and Y.H. Kim.
2007. Identification and chemical control of gray snow molds
caused by Typhula spp. on golf course in Korea. Kor. Turfgrass
Sci. 21:147-154. (In Korean).

Kim, JW,, K.Y. Shim, H.J. Kim, and D.H. Lee. 1992a.

24(1):9~15, 2010

18.

19.

20.

21.

22.

23.

24

25.

26.

217.

28.

15

Identification and pathogenicity of binucleate Rhizoctonia
isolates causing leaf blight (yellow patch) in turfgrass. Kor.
Turfgrass Sci. 6:99-112. (In Korean).

Kim, J.W., K.Y. Shim, and D.H. Lee. 1992b. Studies on the
ecology of occurrence and identification of Typhula snow
mold of gramineous plants. I. Several factors affecting growth
of Byphula incarnata. Korean Mycol. 20:37-43. (In Korean).
Kim, WK. WD. Cho, and Y.H. Lee. 1991. Hyphal
anastomosis and pathogenicity of Rhizoctonia cerealis isolates
from four kinds of hosts. Korean J. Plant Pathol. 7:52-54.
Kiyomoto, R.K. and GW. Bruehl. 1977. Carbohydrate
accumulation and deletion by winter cereals differing in
resistance to Typhula idahoensis. Phytopathology 67:206-211.
Lee, D.H. and J.W. Kim. 1992. Identification and ecology of
occurrence of Typhula snow mold of graminous plants. I.
Characters and pathogenicity of Typhula incarnata isolated
from diseased turgrass of snow mold disease. Korean J. Plant
Pathol. 8:101-106. (In Korean)

Nakajima, T. and J. Abe. 1994. Development of resistance to
Microdochium nivale in winter wheat during autumn and
decline of the resistance under snow. Can. J. Bot. 82:211-1215.
SAS Institute Inc. 1999. SAS/STAT User’s Guide, Version 7-1.
SAS Institute, Cary, NC.

. Schneider, E.F. and W.L. Seaman. 1988. Saprophytic behaviour

of three Typhula species on winter wheat substrates. Can. J.
Plant Pathol. 10:289-296.

Shim, GY. and H.K. Kim. 1995. Identification and pathogenicity
of Rhizoctonia spp. isolated from turfgrass in golf courses in
Korea. Kor. Turfgrass Sci. 9:235-252. (In Korean).

Smith, J.D. 1981. Snow molds of winter cereals: Guide for
diagnosis, culture and pathogenicity. Can. J. Pathol. 3:15-25.
Smith, J.D., N. Jackson, and A.R. Woolhouse. 1989. Fungal
diseases of amenity turf grasses. E and F. N. Spon, New York.
Wang, J., M.D. Casler, J.C. Stier, J.S. Gregos, and S.M. Millet.
2005. Genotypic variations for snow mold reaction among
creeping bentgrass clones. Crop Sci. 45:399-406.



