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Studies on the Pathogenic Pseudomonas Causing Bacterial Diseases of

Cultivated Mushrooms in Korea
2. Bacteriological Characteristics of P. tolaasii Causing Mushroom
Brown Blotch and White Line Reacting Organisms
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ABSTRACT : Tests were performed on 232 bacterial strains (71 strains of Pseudomonas to-
laasii and 161 white line reacting organisms, WLRO) isolated from cultivated mushrooms.
As results, P. tolaasii was divided into 5 groups on the basis of the phenotypical charac-
teristics of the strains, and group 3 was the major one including 48 (62%) out of the total 71
strains. WLRO were classified into 23 groups, and group 10 was the major group (65
strains, 30% of the total WLRO tested). A white line was well formed at 22°C and at 4 mm
distance between P. folaasii and WLRO colonies in their dual culture on Pseudomonas agar
F medium within 36-hr incubation, but not formed at 25°C even for 72-hr incubation. The
morphological, cultural and biological properties of P. tolaasii group 3, and the main group
of WLRO, group 10, were different only in the light of pathogenicity. Alse group 2 of P. to-
laasii had the characteristics similar to group 24 of WLRO which was pathogenic to cul-
tivated mushrooms, suggesting that the P. folaasii and WLRO strains may be the same
_ species although their white line forming ability and pathogenicity were more or less dif-
ferent from one another. Subculture of the strains in P. folaasii group 1 induced the vari-
ation of their pathogenicity, white line forming ability and utilization of sodium benzoate
and sodium tartrate, and thus it can be inferred that they were converted to strains having
the characteristics of group 3 or WLRO groups.

- Key words : Pseudomonas tolaasii, brown blotch, white line.
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Fig. 1. Electron micrographs of P. tolaasii group 3 (A)
and WLRO group 10 (B) grown on Pseudomonas agar F
media at 25°C for 24 hours.

Table 2. Pathogenicity of Pseudomonas tolaasii and
white line reacting organisms isolated from diseased
mushrooms by artificial inoculation on mushroom and
plants

Pathogenicity*

Bacteria  Group

Onion

+(-)
+

+-)

+H-)
+

Mushroom  Cabbage

+

+

P. tolaaii

I+ + + +
I+ + + +

1
2
3
4
5
WLRO 7
8
9
10
11 -
12 - -
13 - - -
14 - - -
15 - -
16 - -
17 - - +
18 - -
19 - -
20 - -
21
22
23
24
25
26
28
31
33

*Examined 3 days after inoculation by the pin method: +;
pathogenic, -; not pathogenic, +; not determinate.

IH
o

|
|

L+ + 4+ + 4+ o+
[

Fig. 2. Screening of Pseudomonas spp. for the white
line test. 1; P. tolaasii group 3, 2; WLRO group 10, 3;
P. marginalis pv. pastinaceae (ATCC 13889), 4; P. flu-
orescens (ATCC 11250), 5; P. marginalis pv. marginalis
(ATCC 10844), W; white line.

= 3k Zdut 3 Ee] gl alY} P tolaasii
group 12] A& group 23, 25~28, 3114} w7}
A2 ARt 1 W dAde] AAFH et

P. tolaasii®} WLROZ2] tx] wljofol| 23} PAF]|4]
2] white line3 A o] #F AF= Wong 5(15) <&
Ao gx, 15 & 267dF(P. tolaasii 11375, 7]
€}l Pseudomonasd; w5 20%F 1547F)el oig dix]
w|ekg 813} P. tolaasiioll gk 2 BolXE& 1A}
32 Qlek FEL(13)= white line 3 Aol B3 29] A7
o)A, P. marginalis®| 3-2] AEo)|4 WLRO2} vhg-
she Al sl)t skt WAZALE 7P ST P
tolaasii2] 734 o2 ¥ w3lw o).

FEL(13)ye A5 P. marginalis(o¥s} #-349, Pri-
mula ¥-84) 757} WLROS} cha]ufofe] 2fs}ed
white line & $43h 91-& QAT o, £ o
T-ol|A]+= Fig. 294 B+ vle} 7o) P. marginalis pv.
marginalis(ATCC 10844)¢} P. marginalis pv.
pastinaceae(ATCC 13889)x X-F WLROS} dx|nlj<f
oA] white linee A8} ekoket. BALA3E A
g #FEL P. tolaasiitt WLROS} T8 A4 o] 2to
o “ele]m Aol P. tolaasiit FAFE HuES ¥A
s, = 9o HAA AHelA & 5 x| P to-
laasii=. *Fhel] WAAdo] = = FELLA3)e] A+
A P. marginalis2 FA 2 F5-E°| P. tolaasiiz} 2
5 54" Ad 74 e] etk

P. tolaasiiZ WLRO%} tixuljofg- ol lojr] &
%9} tfx]7{2]7} white line HAdell T3}z FH &
Qlolet FAct. Fgl(13)ell 23k 20~25°CellA
white line®] &AJo] 71&+ Zon] tix|ujek Ae)7} 10
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mm ©]3td 75l 24 oHel, 15 mmolA & 49
o)), 20 mmell A= 72 Fof| white lineo] HAdHTtT
stelct. £ AgelM AHEE I 9E WLROE AAE
o] A& group 1~59] P. tolaasiio}te] thx]u)eke] o
s}o white lineg 3AJ3H= 23712] groupel 3 3
o022, o|E AFF P. tolaasiig}2] t vkl gle]
A white line /gl A3 A A2 22F 2A
& A= Table 3olxjel ) oixuic} L£=&

Table 3. The effect of various incubation temperatures
and distances between P. tolaasii and WLRO on the pro-
duction of the white line in Pseudomonas agar F medi-

um®

Tem- Distance (mm)
perature
‘O 6 8 10 12
L I O N C R G
20 4+(+++) HED)  T(ED) () —(F)
S22 () HE) D) () (D)
24 4 E#) -®) -H) -()
35 () () () ) -O)

*Cultured for 36 or 72 hours.

"Degree of white line reaction after 36— hour incubation
(after 72— hour incubation). —; no white line reaction,
+; weak white line reaction, ++; medium white line reac-
tion, +++; strong white line reaction.
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22°C7} 7} Fobd] dixi712] 4 mm A ZellA] 36417
o] FAE Hh-S AL & AUth 25°Col UM =
7247} ol X white line2] &Alo] g1glch.

P. tolaasii?} WLRO2| ALsA. wlAld HWHUHE
7FX 2 )= WLRO group 242 AM|FL P. tolaasii
group 29}k A|FEH AApe] HAlsRdch. o]9} 2
o] P. tolaasii$} WLRO A}o]e] A =& AFAL
P. tolaasii group 1(strain 210-2, 506-5)%- ©]-4-3F A%
|4 2d= 3 9t} = P. tolaasii group 18] AT
Table 49|14 B ufe} 2ro)] Althulef S Wol7} 4
A vtz e & F e, 53 HdAd
white line 34 EA]ol| ¥o]7} Alsled, strain 210-2+
oFfole] Ayl AP Tl Huks YA
WLRO¢|| ¢]3}] white lineo] &A=+ P. tolaasii A
Folgionh, o Y F21 93d 49 3ol THE P.
tolaasii®}e] t)xuljekel] 2J3}e] white lined ¥Ad 3=
AFeg A=) )5 F 210-2-I white line®]
o] AR T AL 202§ 23
o}, 2102-AF WA =T AAE AU
Strain 506-5%= ¥4} white line2] Al 9liA
#a} o]z} sodium benzoate$} sodium tartrate2} o]-§-
3ol glolA = Wolr} defufa] e FF< 506
st 4he] typeo ® LProlh 2 kel E5 type
3}, sodium benzoate®} sodium tartrate®] ©]8-5%S

Table 4. Changes of the pathogenicity, white line reaction, and some bacteriological characteristics of P. tolaasii group

1 (strains 210-2 and 506-5) by subculturing’

Strain 210-2

Strain 506-5

Characteristic

Original 21021

210-2-A

Original 506-5A 506-5B -~ 506-5C

2

+R)

Pathogenicity
White line reaction
Alkali from

Sodium benzoate

Sodium tartrate
Reduction of nitrate
Acid from

Inositol

Sorbitol

Trehalose

Rhamnose

Lactose

Maltose

Sucrose

Starch

Dextrin

+
+(D

+ +

+

L+ + + +
I+ + + +

0

+

+ —_ —
+R) +R) ) - (NR)

+

+
+
+

I+ + + +
L+ o+ 4+
Lo+ + 4+ +
L+ o+ o+

*The bacterial strains were subcultured for 6 months.

°+; positive, —; negative. R; reactor (P. folaasii). I; indicator (WLRO), NR; nonreactor.
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A4 EE 506-5A (group 1o|l4 group 39 AlFe@ A
i]—) WA uke- 010113-]3] 506-5-B, B-‘L%_k]_,] A]—/f__l,;,].
A white line AJA-5o] WE 506-5-Co] 1A 0|}
o]213t A Wong 5(15)3} Zarkower 5(16)8] X
TOHE BolE & k. o1 5E FA HEF] o] of
gtx]e] 9l P. tolaasii (ATCC 14340, ICPB PT 109
%) e ¥WYde]l 9l WLROSH B3 whg

(white line}g el 1 gl FFE0] 98-S ¥ s}
2 k. =3 Goor ()% P. tolaasiiZ AW vloFL
3 Aol Ry} £¥E =], o] WHelF WA
& AFAI3}3L white line testoll 4] WLROS} 28 whe-&-
ekl QIck. olelat Aold Azste] ¥ o white
line 4% £ 9ol Tha Fol7t aleka sfriet
£, TF2 AZEHE SHo] 2onl o F ATE TU

Table 5. Characteristics of P. tolaasii and white line reacting organisms (WLRO) from diseased Agaricus bisporus,

Pleurotus ostreatus and Lentinus edodes

Characteristics of Pseudomonas fluorescens previously re-

ported in Bergey's Manual of Systematic Bacteriology WLRO
Characteristic P. tolaasii P. fluorescens
biovar I  biovar I biovar IIl biovar IV biovar V. A group B group
Flagella + + + + + + + +
Gram stain - - - - - - - -
Motility + + + + + + + +
Green fluorescent
pigment ++ + d + + d ++ ++
Catalase test + + +
NH; production + + +
Reduction of nitrate - - + + + - - +
MR test - - -
V.P test - ~ (%) -+
Oxidase test + + + + + + + +
Alkali from
Sodium benzoate - -+ +(—)
Sodium tartrate -(+) -(+) -(+)
Hydrolysis of gelatin + + + + + + + +
Hydrolysis of esculin - -+ - -()
Acid from Dextrose + + + + + + + +
Arabinose + + + d + d + +
Levulose + + d + + + + +
Xylose + + d d d d + +
Mannose + + + + + d + +
Galactose + + + d + d + +
Glycerin + + + d + d + +
Mannitol + + + d + d + +
Inositol + d + d + d + +
Rhamnose + - d d - d + +
Sorbitol + + + d + d + +
Trehalose +(-) + + d + d + +
Maltose -(+) - - - - - - (+) -(+)
Saccharose - + + - + d -(+) -
Lactose - - - - - - -+ -(+)
Soluble starch - - - - - - -(#) -4
Inulin - - - - - - -(+) -
Phytopathogen + - - - - - -4 -

* The signs indicate: +; positive,
® Variations within a species or a group.

—; negative, d; different among organisms.
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Add& AR & 5 ook AAEL o)) My
(6)NA P. tolaasiio| 4% WLRO®]| 2]3}le] white line
o] Y= AT JA=A g AT Eastn
s14-2 vl v} et

ZFEE &, Table 5S4 B uleh o] 2 o
T4 FAFTELS dub AT EAe ofste] P
fluorescensol| AZ= 1 9l&& & 4 §lr}. Bergeyd]
B4 88 ()l 23t A B AT P. rolaasiio}h
P. marginalis<= P. fluorescens biovar Ilo}] A24:%]¢o] ¢)
o} 22} P. tolaasii= AAE S 89814 sl A
T2 ZA] biovar lI2}= T}E biovar Vol 42452 o
- 3t} o]ldk AME Stanier 5-(12)0)] 23l =
=28 v} Qe HAo2A, 25X P tolaasiiE P. flu-
orescens biovar Vol| 242]7]3 ¢Jc},

WLROE H3Ael AlFEe Aoz 2749
group2 2 & 4= 9l A group AAkL Y
3R] = AHF o 2A] P wlaasiitt TUF EAL 7}
A FFFo] olof Etgirh. o] 52 Uut AFEA A
Aol Al B o] P. fluorescens biovar Vo] AlHo 2 E3]
e}, =3 Aard & $498H= B group-& biovar IIe]|
djdo] "o}, WLROE Wong 5(15), Goor S(3), FaLL
(13)°] P. tolaasii®} white line-S A3 s= v Adal
Pseudomonas sp.ol| t)3}e] A28} 7] © 24, Preece =
< P. reactans 2., Zarkower S-(16)& Indicators2} 31 &F
u} 9lc}. Zarkower S(16)2- IndicatorsE P. fluorescens
2] biotype G(biovar V)& A8} u} 9jc}. 221} Zar-
kower 5-2] ©]21&F A3= A groupsl] 43k WLRO A
Tl Y A Axle} gl

Bergey's 3541 99-(5)l| A= P. fluorescensel] 2] &
HYATE 25713 QA 9t} Krieg S(7)2 Pal-
leroni 5-(9)¢] tRNA/DNA®] 4%43} phenotypes
vlelo 2 31y Pseudomonasi-& 5712] group =
section®E =1 v}, Phenotypeo] 2]%F B-Eql
section¥} tRNA group2 1¢ll4] 37}l & dx3}x
31214, section 5olE 53] we FAAo] WEH o]
%At} Bergey's Manual of Systematic Bacteriology(7)eil
A1E RNA group 59|14 27]9] kg Q1A slw gjo
o, 28t 64702] £&- section 5EA] TR ¢,
1 F°] & P. tolaasiiz} B-Fxle] gjc). w3} P
agarici®} P. asplenii:= rRNA group 1(section 1)l &
S olol F Al AR section 5o W3 g)c}.
Bergey's 374 9%(5)0ll 4] &= rRNA group 1~4 F3}=
HE 2 64%2] ANFo] additional Pseudomonas
species 2 thF-o] X 37 gl&H], o] Fel| P. agarici, P. to-
laasii 55 A1 A1 &35} viAlol] WU HFEo)

EF=o] glc}. Pseudomonas section 501 4<%]e] 9]
E ol AT d77) Al mel AEF oo}
"k 3= Zlo]t}. Phenotyped] EAJel| 9]} section
16]) sieko] H1 9l P. tolaasin} WLRO, B3] o] =
Aol B A o]} white line &A)%5-9] W3zl A7)
Aol AtdAAM A& o] FYE 7ol pheno-
typeol] 2]5}ed P. fluorescens2 S E Zlo|t}. wlela]
P. tolaasii®} WLRO+ o222 AF, = P flu-
orescenss X338 Pseudomonas<2] 7} section %
1RNA group®] %4 FE9| type strainEe] & ¢
2+A&k phenotypicaldt EAJ9] ¥l AFE BB
tRNA/DNA2] AbgAdol] B3t ool osfe] 7 2%
9l 91X ARY % 92 4Y71ze] Wesic)
s,

2 o

WAl Eel3t 23275 (Pseudomonas  tolaasii
71z, white line 3] FF(WLRO) 1617F5)el] o3t o
T2, ik A Aol 2sted P. rolaasii=
5709] group 2.2 & 4 QlEd, group 3 o] 48FF
24 62%E AAsla ¢lsith. WLROE 23709
group® 2 }E 4= glen, group 100] 65F=FA]
30%5 AABEAL gleix] WLRO2] FF-& o]&3 9]
ch. P. tolaasii®t WLROS] o) x]ujop-8- 22°C7} 744
Fotd HAAE] 4 mmollA 36X 7kel] FAF ul--S
Qe F A9, 25°ColldE 7247 Fo|E white
line®] ¥Ade] ¢lolcl. P. tolaasii®} WLRO Alo)el =
Aub AlFE AAbo] FUZ Alge] EAlsla 9
t}. 53] P. tolaasii®] %472 group 33 WLROZ2
D EAFel group 10 WA RS Tajstw glgle
o, group 22| Al ¥ A4S 71X ¢lE WLROS
group 249} frALRE Ak AldehA] AAke vepigich
°]&2 white line H4%5 E-2 BUA ) oA g
2 Aol glont FAR MlF o2 A AZHC) P oto-
laasii group 12] A& Aldjuokel] 2)3}o] 4] o]
5 d oA WA, white line A% 2 sodium ben-
zoate®} sodium tartrate®] o]-8-5-& =a]s}= group 3
°]*} WLRO group 2 2 A g=gix}.
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