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ABSTRACT: The occurrences of the major diseases and the densities of air-born microbes were surveyed in the
cultivation facilities for oyster mushroom (Pleurotus ostreatus), king oyster mushroom (Pleurotus eryngii), and enoki
mushroom (Flammulina velutipes) in different areas of Korea. Green mold disease was most often developed in oyster
mushroom bed cultivation with the disease incidence rate of approximate 10% while the disease incidences from
bottle and plastic envelop cultivation were less than 1~2%. In the bed cultivation, the major air-born microbes in
the growth room were Aspergillus, Penicillium, Trichoderma, and Curvularia with the total fungal population density
of 567~1,297 CFU/m". However, only Trichoderma and Penicillium were detected in the growth rooms and innoculation
rooms of bottle and plastic envelop cultivation with the densities of 350~700 CFU/m’ and 160~260 CFU/m’, respectively.
The bacterial diseases become evident in the growth rooms of bottle and plastic envelop cultivation with the approximate
incidence rate of 10%. The identified bacterial species were Brevibacillus levelkil, Rhizobium radiobacter, Brevun-
dimonas vesicularis, Pseudomonas mosselii, Microbacterium testaceum. Sphingomonas panmi, Sphingomonas yabuu-
chiae, Paracocus dinitrificans, Curtobacterium flaccumfaciens pv. flaccumfaciens and some unidentified bacteria with
the densities of 40~6,359 CFU/m’ in the growth rooms and 9 CFU/m’ in the inoculation room. This study indicated
that the green mold disease by fungal strains was the major mushroom disease in the bed cultivation and suggested
that the contamination of bacteria and fungi together in the growth media could result in severe production loss.
The plastic envelope and bottle cultivation were evidenced to be less susceptible to such contaminations.
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< =ElR] WAle] ALkRe 710l JAIRE TH A EXS BIBIAT. Trichoderma®) &3+ AL S HE%
F RS A FAol Ak Trichoderma sppoll €13 F2  3-5YU 5 82| o]sle] B wio] 39] 71s5bH, vi#] AJE)
FgoEE 58] “ElWAY w4 AiA] B wElE i 7F EEE AU o el & & HAS w @Ado] Alsitt
A= Aoz A Au) Ao BE dAlo) Zdo] HAT 3L S (A, 2002). Trichoderma <5 52 =El2] WAl 8
53] ol BAste] mEle] wAle] wolo] A1gS o sl R o} Aflgo], o], FAL ok HE o= AL
RS FA) AN 2 2710l WAolu B A = B0 o (Lelley, 1987; Kligman, 1950), -23-39]

o] BA ZAF IAEEA FENS UERlo] FEE
oz B 9t} (Felegg, et al., 1985; 2} 5 1989). o] <
el
T

Me

OF= Trichoderma %2 Rifi(1969)= T. longibrachiatum,
hazianum, T hamatum, T. viridae, T. polisporum, T.
koningii, T pseudokoningii, T aueroviridae, T piluliferum 5 9
To® BRIt A 2002y Hul =ER] WAL AujAl ol
WA S| = Trichoderma®X T, virens (Gliocladium virens),
T viridae, T hazianum, T. koningii < ¥2]3l2 JE|F
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ol gt ele] MAle] WA AA 71K RalER] ¢
ATH (A, 2000). FE2FF0] 7 371, B F, 71E 5ol
cheFsHAl U AoZ ANk Hupe B
ot Ao g By Zo] %O (Staunton, 1987; Seaby,
1987), &0l x ] 8 A Re 37] 2 HxloH, 1
Qlof) 2=, 7171, A E, EdgeolH, gk A iR ==
wAlgk], Sofl, | (Seaby, 1996b), Z#]F IF Sof
(Terra, 1995) 522 R I E ST}

2 A7AkEe] okz @ loire walAmiAkel v el
Aieof ek AT AFEE B L glo), b 5 At
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77] 713 Erae] w2 AulAL, 7371 el WAEAL S5
73] o] WAl AL, Z ot A 2] F-Ele] AfulAte]
AgAoM ] FaFFo, AlgA Zuk ol gk Wl
8-S SRt ZALRITE WES] IS 3] H9el=
S Al G WA HAS S om, A g5
A YRS Alel] 2SIt A 3 Aeiake
7= 3 B A717F 608 0] A= Ao, HAjulAlE s
Aol 7,000~10,000% A=2] MAlA ALl 719t} 23
olHAl AurtE s ] <F 100,0008 Aol sl
e ¢ 2Hs3 Adu|E zkE Lol

A e Z cHA|el D|dE YUE =AL

AW, A, g, ASHAA Air sampler
(MAS-100 Eco, Merck Inc., Darmstadt, Germany)ZS ©]-8-3}]
100Le] ¥71E plated]] EF3F] Sl A] (nutrient agar)et
potato dextrose agarg AM8-5te] MEH S ZHo|ES 28°COll
At 2971, wgol= 397 wiskaste] Alestar, wgolell
talirde ArjAstolr & ellr S48, Alltel t
A= AE SolEdA F2U 9 Rt Fe, 42 5
wkz} 45704 = Elate] 168 IDNAS] H714 8-S &4
sto] 57 S SA

M#2| 16S rDNA PCR &=

SZ2UE Ea]35le] R2A (Difco, USA) NAWHA] 300 247}
goixl 96 well Z#o|Ee] HEtL 28°C, 10,000 pm &
28 Wikttt Als DNAS 33317 9ste] F219)
S 530 AT EIA17]3L 65°Coll =21 5 HF
Aoz A4 EEsdh YR 2L e 9
(1~3 ty& 16S rRRNA 42 SE%E& 21 =3 DNAZR
ARS8t Forward Z2Fo|™= universal primers fD1
(5'-AGAGITTGATCCTGGCTCAG-3) < reverse Ze}o|HE
P2 (5-~ACGGCTACCTTGITACGACTT-3"yS AH&-3FiTh
(Weisburg et al., 1991). 16S rDNA $Z2 9|8 vk-g-E2
100 pmol Z&}e]™ fD1 ¥ rP2, 2.5 mM dNTP, x10 Tag
polymerase buffer® 741t} PCR ¥H-E3H&2] &5

volume 20 £49] 32 /<, 025 unit of Tag polymerase

(Solgent Co., Ltd., Koreays H7Io 22X G =AUt &
A WS 7] 24 E Tgradient Thermoblock (Biometra”
GmbH)o] ARE-E]AT}. PCRYFS2 95°Cel]l 4%, 22]3L 95°C
o 187k, 58°Ce] 18, 72°Coll 15702 A E 348]9] whg-,
a2)al HFA o= 72°Ce| 887 ke R A= QIT). PCR A3
EL 1% optE 2ol 7195312 EBrE 9A5k] PCR AF
=5 A&tk

16S rDNA2| &47|Me &4

PCR AHE2 A|Z2AMe] AME- X]H el w2} Montage PCR
96 Cleanup kit (Montage, US.A)YS AME3lo] ~-ia]dt &
783R primer (5‘-GTGGACTACCAGGTATCTA-3)E AM8-3}
Applied Biosystems 3100 sequencer (Applied Biosystems)Z. 2]
A A71MLE B3It (Hiraishi, 1992). DNAY 713412
RDP (rdp. cme. msu. edu) 2} DNASTAR software program
(Altschul et al, 1997y ARE-ste] F=3¥3i9ith A7IM G
CLUSTAL W program (Thompson ef al., 1994y AF&-3] A
e AlgEe] R o5 7wl 971K vlasieit)
dlole] AEe] gt Als-fd82 =4S MEGA version
3.1 (Kumar et al., 2004y A}8-51¢9 Saitou and Nei (1987)2]
neighbor-joining WHOE FE5}] WEJL FA %ol
gk AlEd-2 1000712] 2]EF el 71%8F neighbour-joining
data®] bootstrap 415 F-3Fe] H7F= ATt

R Tt

seele] A9E F2 @ Aol we o] was
REel, Y AA) met Aol AAAR F2 Fe
FFoIHol 10% A== IAsgon, 71 & “E
BIAL AARS] B B AL A e Aw F
o] 7F =|A] ¥tk (Table 1, Fig. 1). Zevf B-A]9} ¥

Table 1. Pest incidence of oyster mushroom (Pleurotus ostreatus)
in bed cultivation

Region Type of pest Incidence rate”

Kapyung A . c

T . . a.

(Cultivation room A) richoderma spp f-a
Unkown 100%

Mushroom fly n. a.

mite n. a.

Kapyung A . o
(Cultivation room B) Trichoderma spp- 10%
Bacterial blotch 1%

Mushroom fly none

mite none

"Two cultivation room of bed cultivation of Kapyung A. Each room was 198 m’.
"The pest incidences were represented based on the rate of areas that had
pests to the entire cultivation bed. The cultivation of mushroom was com-
pletely abandoned due to the unknown reason, possibly bacterial bloch.
Bed was contaminated heavily with bacterial mat. The mushroom was not
developed at all.

‘n.a.; not applicable.
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Fig. 1. Bacterial blotch in oyster mushroom bed. A and B, Development of oyster mushrooms was very severely damaged. C,

Mushrooms were normally developed from mycelium mat.

Aol A= v o] A%, Gy, W7k, HE, g 2 A
A7 & A Eo] FEFFo|H ] WA o] 1~2%E H]
wAo g A A3 (Table 2, Table 3), F23%
oy o] YL FHg Hyo] & o]Fox] ASYAY,
F7o] & G3|A] ¢k A9, WzhAolA &5te] WA 9
st FEFFolo] LAEE oz AZE ST A5
M F2 Al Zubgo] WMs] SAYSIA T B Ay |
Aol SR A A 58 Fste] el ks WAt 10%
Axe] vz Fol YT T3 vl 59 siEe]
1 Fdl = §le o2 ZALE QI (Table 2, Table 3).

Aol WAl AuiEgo] % 17°C (70~80%), 521
13°C (60~70%)= F-A15FH A=z AA=t] A5l
AE Alad Zubgo] F2 10% FEZ AYSA, vl

Table 2. Pest incidence of oyster mushroom in bottle cultivation

Region Type of pest Incidence rate”
Yangpyoung Trichoderma spp. 1%
Bacterial blotch 10%
Mushroom fly none
Mite none
Kapyung Trichoderma spp. 2%
Bacterial blotch 1%
Mushroom fly none
Mite none
Kwangju Trichoderma spp. 1%
Bacterial blotch 10%
Mushroom fly none
Mite none

"The pest incidences were based on the number of bottle that had the
mushrooms infested with pests.

Table 3. Pest incidence of king oyster mushroom(Pleurotus
eryngii) in bottle cultivation

Region Type of pest Incidence rate”
Asan Trichoderma spp. 2%
Bacterial blotch 10%
Mushroom fly none
Mite none

The pest incidence were based on the rate of areas that had pests to
the entire cultivation bed.

A= 2% HER FEFFo] o] A= Foz
ZAE AT} (Table 3).

oAl Ao 2H2 A2l it v ol A= ul
A, SHHE, AR vl ste] S8
oly, Mt/d SHH T o] 1~2%= ZALE|o] Aul,
74 el 7ol Ssie] W Ao R QIgh Jale A9
e Aoz ZALE AT (Table 4).

WAL AuiaLe] 7] S v E Diee AL AT BE
S B3 A3 Im’ G Aspergillus sppi= 442 CFU (colony
forming unit), Penicillium spp. 627, Curvularia spp. 40,
Trichoderma spp. 55, 71€l 115574 F3°] 85702 1m’ &
% ol 1,249 CFU Aok AiAF vHsolMe 1m' 7
Aspergillus sppa= 100 CFU (colony forming unit), Penicillium
spp. 177, Curvularia spp. 0, Trichoderma spp. 245, 7€} P57
=3o] 4712 1m’ T F F30lE= 567 CFU It} (Table 5).
B3] FEFFoHoF 1 dY] dHA Trichoderma &

Table 4. Pest incidence of enoki mushroom (Flammulina velutipes)
in bottle cultivation

Region Type of pest Incidence rate”
Eumsung White fungal disease 1%
Bacterial dark rot 2%
Mushroom fly none
Mite none

“The pest incidences were based on the number of bottle that had the
mushrooms infested with pests.

Table 5. Fungal density of the air of oyster mushroom bed
cultivation (Kapyung A)

CFU/m’ of air

Fungus
A room B room
Aspergillus spp. 442 100
Penicillium spp. 627 177
Curvularia spp. 40 0
Trichoderma spp. 55 245
Unidentified fungi 85 45
(non-sporing forming fungi)

Total 1,249 567
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Table 6. Bacterial density of the air of oyster mushroom bed
cultivation (Kapyung A)

HAE A% AL 147

Table 7. Fungal density of the air of oyster mushroom bottle
cultivation (Yangpyung)

Ca CFU/m’ of air CFUYm’ of air
Bacteria - . -

A Room B room Fungus Cooling Inside transfer Outside transfer Growth
Brevibacillus levelkil, room hood hood room
Rhizobium radiobacter. Trichoderma spp. 790 0 160 700
Brevundimonas vesicularis, Penicillium spp. 60 0 260 350

.. 1,621 1,174

Pseudomonas mosselii, Unidentified 80 10 50 20
Microbacterium testaceum Total 930 10 470 1,070

and unidentified ones
“Identification was determined based on the 16S rDNA analyses.

Fole Lol7t A9 ¢t H AFIME 1m’ B 245709
H, #Alo] WolE Aul FollM= 5570 = ZF3ktH(Table 5).
A (2002)2 FEFFoIHL XAPAY & FEAS U
ERll= Wl SH S 2M Trichoderma, Aspergillus, Pecillium
& g7l os BT Busiglon, “ee] 4
Aol A 7 @A ATt =2 A2 Trichoderma®|™
T virens (Gliocladium virens), T. longibrachiatum, T
hazianum 50| F2 DA AT T virensoll 2|3
WAL S HE 5 10~15¢ F =elHAl AP A%
g F dAxAe] xE F2 yepdtia sk 2y
T longibrachiatum, T. koningiie S 3E F 3-54 &
WA o] vehtky stk (2, 2002).
wgh Al ExE 2 FRAAA EHE, AsolAe
Brevibacillus levelkil, Rhizobium radiobacter, Brevundimonas
vesicularis 2 7€} 1) 2R1 Al 52 Aol 1m’ & 1,621 CFU
o)L, BES Microbacterium testaceum, Pseudomonas
mossellii 2t 71EL V121 Al 594 Alsto] 1,174 CFU 24 F
Sl Alate] ieol] lojx] 5183k 2jo]7} gl Tk Table 6). H
A tol7F A HA| e8> 7Pﬂ AE7Fe] ABNN FEFF
oS doJ|= F8 AR Trichoderma’t Bl H]
wate] B AA AEE A=, o2 AuiAE 371 T2
ol gt 9| o] Wol7k HA] ek Zlo] thgk 2l
olffgtale sl oHue As It FATh. 2007
Ux o5& Azt odel] Hste] gk o] A&E17]
ool FE7F EobA A matel]l Allero]l g AY
T A Aulz 23 BAA3 2x A7 Qs A
A 99l e AL B4 1A el 23 vl
A AEe] BERE £EOE A% Ao FEH.
kg o] el ¥ AujAte] 7] =9 29 Trichoderma
spp.2] A= o Pz ASAolA zkzF 790, 700 CFU/m’
o724 HEA 9]—.—1‘%_\:} @ol HAZZUT} (Table 7).
Penicillium spp2 J54A 9%} A{AoA zH2)F 260,
350 CFU/m’ 24 dyAe] 60 CFU/m Bt} o] A=Y
It} 71Ek BIEE Bl dal, TN B
(EHHIA) o), S 77} 80 10, 50, 20 CFU/m’
2X Trichoderma spp., Penicillium spp.©l| V]3P vlf-$-
A7 A&l ET (Table 7). 7] & Aol = A5

e

"Colony forming unit

Table 8. Bacterial density of the air of oyster mushroom bottle
cultivation (Yangpyung)

CFU’/m’ of air
Bacteria® Cooling Inside Outside Growth
toom transfer transfer room
hood  hood
Sphingomonas panmi,
Sphingomonas yabuuchiae
Paracocus dinitrificans 280 1° 8 6350

Curtobacterium flaccumfaciens pv.
faccumfaciens and unidentified ones
"Identification was determined based on the 16S rDNA analyses.
"Colony forming unit.
‘Paracocus dinitrificans.

el 71 Eed ASAdME 6,350 CFUmME 7
Zo] H o} aalel= 280 CFUM'E #HZ&o] HUt.
dldst= vkel o] HEA el FM A (transfer hood) W
Q5o ME 22t 1 CFUM’3} 8 CFUM’2A Ale] U=
= "¢ ST} (Table ).

Aol Aol JAME FFol= Trichoderma spp./t
A5 A Bl 1m’ G 27 500, 350702 &) =
Ao, i, HEA, WA= Trichoderma spp.,
Penicillium spp., Aspergillus spp. 7} W% 42 =2 7
S o, s8] Fgo|7F 2] vkl 2,7007H,
AEA AoA 95070, 54 BellA 3475702 HAEEATH
(Table 9), T3, ZA| Fgole] L= vl 7], A4
Z27] @ @7)oA 24z 1 m’ B 2730, 1450, 3825709 =
Fol7} HAEEAL (Table 9), Al 7] A2 (To]27))
e 1m’ B 1710719 Alte] AEHAoT HEA 9
B, 27 9w wjad, 371 A5 (2ol F7]peME Tm’
60, 30, 10, 40 7HZ ]S AL o] Alo] HEH AT
(Table 10). M+ Brevibacllus sp., Microbacterium sp.,
Pseudomonas sp. 5°] HEE AT} (Table 10).

(2002 AiALe] F7] Fo] mAES] Wl W
Aol Al tigk o8 s AlsetAle BUAT
= 7k ‘FI‘-/]HO] ATk 7]30}/\)\—;’:1 Wl =24

oln rlo A

el W, WAl A, WA, AES) 434
Be a9lol J&Oﬂﬂﬂ w0lol ool W wAye] Hwrt
29571 o Pk skich.
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Table 9. Fungal density of the air of king oyster mushroom bottle cultivation (Asan)

CFU%m’ of air

. Inside Outside Early Late Growth room A Growth room B
Fungus Cooling
transfer  transfer growth growth (Development of (Development of
room . .
hood hood room room  mushroom, early period) mushroom, late period)
Trichoderma spp. 20 0 10 0 0 500 350
Penicillium spp. 0 10 0 0 0 0 0
Aspergillus spp. 0 0 0 0 3 0 0
Unidentified
meentied 100 30 85 2,700 950 3,475
(no spore forming fungi)
Total 20 110 40 85 2,730 1,450 3,825

“Colony forming unit

Table 10. Bacterial density of the air of king oyster mushroom bottle cultivation (Asan)

CFU/m’ of air

B . a . Inside  Outside Early Late Growth room A Growth room B
acteria Cooling
room transfer  transfer  growth  growth (Development of (Development of
hood hood room room mushroom, early period) mushroom, late period)
Brevibacillus
levelkil, Microbacterium
testaceum, 0 0 60 30 10 1,710 40

Pseudomonas mossellii
and unidentified ones

dentification was determined based on the 16S rDNA analyses.

ehe] #4 Avll= WA H Blste] AAE g0 v
A|RE, Aot R AR BRI 54 el vlste] 3
F29] =Ee] vAlS At w71 A5 S B
719E skl Qlo], oM E 771% 7R diell= el #
Ap7F A &H 07 o] FofR| A Q= dAoltt, 1t WA
AiAE Qo] d ool A &H R FUSH Aful
AtellA =Elg] WAlo] AulE= A9 o] iy
Zoz A Aok AuirL Wel 371 Fel Trichoderma,
Penicillium ‘52| FE23F0|HY#e] B 2Fsst AMR
o]Foix|= W Aue} HlwA] F 2fol7F YUSE=T, oA
oA ] FE e THAaTE WAl o] Fo] FEFFO]
Wl g ARt dAF ASHANA EFES
HiA] A SO R QIg A wiR| 9] FEFoIH oYt
Al 5ol &gt o] FUJNY Ro = FEHIUTH

s

7371% 713 2 BEe] el (Pleurotus ostreatus), %
2 olrke] AjEoI Al (Plewrotus eryngii), -5 /3¢ “BolH
Sl(Pleurotus eryngii) AWALIA WA= =8 WFalo]
Aol] thgk A7} o] FolFth. o]2jell = WAl AujALe] 37
o AES HE7F ZALE T FE OIS =B
Aol 7 AfellA 10%= 7P 5 2 =AU 18 =
ElwAle] B gl BA] Auellr= 12%= /3ol Blsted
- WAl ST}, Aspergillus, Penicillium, Trichoderma,

Curvularia 5-°] WARSAANAM HAEE A= F/3AR1e] A
Salo] wehA ole} 2 o] FA Wi 567~1,297 CFUM’
2 Uepsttt =elAl W3k B2 Aol X TrichodermaSt
Penicillim’= %] D=7t 242F 160 2 260 CFU/m’
2l ol Blste] AGAoIME 350~700 CFU/M’ 2 =7
ekttt =ekeAl ek B2 Ael el sl = Al
ol 10% A% BT, A& Ald2 Brevibacillus
levelkil Rhizobium radiobacter, Brevundimonas vesicularis,
Pseudomonas mosselii, Microbacterium testaceum. Sphingomonas
panmi, Sphingomonas  yabuuchiae, Paracocus dinitrificans,
Curtobacterium flaccumfaciens pv. flaccumfaciens 2 7€}
nEd Ao ® Jepded BEs 334 9 CFUm®
H]alo] Aujate] Ao wEbE W7} 40~6,359 CFUM’
HARE =7 vepsth 2 A3 =eEA 3l
Me FEFFoIE ] WAgo] Eokon, wu 2 ASHj=o|
Al 2 it edo] FA0 A uf Agqkeko] il R4S
T See 7EEA FAT 28y el B3 84
Ay, 2]l AfjFe] g sgo] wiAle] W Aufellr e WE
& o] WA Eol -5 STt

h=d}

AR 2
FE5H otk A ZZAE No.
20070401030008%] 2Jsle] X Puro} £ 5T o]

v odrs J obl
o)
o ZAHE Eake v,
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