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Effect of Pseudomonas fluorescens on in vitro Pinus densiflora
and Laccaria laccata Co-culture System

—Approaches for establishment of a model system for MHB research—
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1. @ C & I

AEERBIEROEFTICREBHELEZ 20 LB, ALEREMORKRE &RF%E
%, BREPY V5 ETETOBES ORI, HRTEHGEREOEBE L EZHE» o> D
FEHBITON TV (SMITH and READ, 1997), &%, BRI 2EROERIE, BEREREL T
VAR EFEE L TORBWERE ORI X > THEHNONE, Lrl, TOERRBEICEAREE
R & OB I THIS N d b Tidisd, oLy, FEEYRIER EEMICBIRL TV S
E#FZ 5N B (SMITH and READ, 1997),

GARBAYE (1994) 13, BiRREZ (BERED < 3MHEE £ /2 3O BAEY) & AERIRE S 5 OIciEE
Y & OB EERRBIER SN TV EEX, EREHREEET 2MEREE%S mycorrhi-
zation helper bacteria (MHB) & FESC & 2R L 7o, MHB OF28EEE L ¢, IROANIBSZYE
PREFOM O, BROKE, BEIEORRREICKITEELS S LV RENH S
(GARBAYE, 1994) 25, i3> X0 L1z &30 » TV, THE, MHBIZOWT, HIEOEED
BRSO MY 5528 (DuponNois and GARBAYE, 1991, DUPONNOIS et al., 1993), BB
DOERRE 06 d % 8228 (GARBAYE and DUPONNOIS, 1992) %, BEIHEIZEIC IIE 4 522 (GARBAYE
and BowEN, 1989) 5 EMFTANSLNTWV B, LL, Tho0OERIF, EMCER, EREREN
OBIGH FTHRETIEEHVTITOhTE D, MMOBEVMPESITAVRALEHTHRINTE
fotcdh, MEEREBETAE .

MHB O#REEE T 5729 icid, MHB LRRES 5 CICETEY O 3 FEOBRZIAS i
TAMRENDHY, TOHITIMLORHEE S EIERZHER U7 in vitro 128 1F 2 ERIEFRDH
RAREEBZ OND, UL, TD&DSHEEIL BRULE ef al. (2001) WEEBSRA DR 2 KL
#i bicBVT, ALERSHS W CHESAEEREORRKEICRETEELAHRE
Pzt
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PAE, EE S, nvitro ITB T AERARIC VT, BAOKREIC#E LS ERESR AR
FH 8512 5% L (VAARIO et al., 1999), BIENES THRIEEO R WEIRAREN M. L2 (H
F15, 2001,

AWFETE, I SEIGH LT invitro IKB 1 2 MHBIHREARHEL T 570, TH<Y
(Pinus densiflora Sieb. et Zucc.) & Z DAEEIBRETH 5+ v % ¥ 7 (Laccaria laccata (Scop.:
Fr.) Berk. et Br.) OEZEEBERIC Pseudomonas fluorescens 05 AA 12 € FVEE ATV, P,
Sfluorescens OEMMB T h <= VFEEZ BIUF Y X riCRIETEELHER U, P fluorescens
IZ{E MHB & L COBZ 2B BMOEET 5 C EBHISNTE Y (POOLE ef al,, 2001), 5% D
MHB AL O fovicid, BEMEY), AMERRE & ERHICAREIEET % C &L aJReafE
WERABRTIIENDNETHELEEZ LN S,

2. MBEF &

2.1 BElBERR & HtaiE

ERIE, Fvx s T 1EK 7A=Y EORIBERICE BV SN 3 Y 75 4 (Pisolithus
tinctorius (Pers.) Coker et Couch) 1 E#, P. fluorescens 11D 5115 ¥kEFH\\ 712,

FYRIFBIT YTy, valE T FoBICEXIRA 2 MMN B (DITBIC
MMN #) (MaRX, 1969) 2 HWT, KEET, 2522°C ItV T 4~5:BR & IcRRIZE L 12,
BEE7HHOXREBERE, a0/ K-S (AL TEMILER 6 mm OKEIIT0RY, #
L L1, P fluorescens |3 KB ¥iHh (KING et al.,, 1954) B\ T, BEET, 25X2CiicHW\T
2HEBIT &R L., ERICEEETHHObDER W,

i BRSO © FH 854 B 7o, FH B, RIS o SH 553 (SCHENK and
HILDEBRANDT, 1972) 2HZE L/ d DT, 11 H1 b OfR%IZ, KNO; 2,500 mg, NH.H:PO, 300
mg, MgS04 - 7H0 400 mg, CaCl;-2H:0 200 mg, FeSO,-7H20 15 mg, Na;EDTA 20 mg,
H3BO3 0.5 mg, ZnSO4-7H20 0.1 mg, MnSO4-4H20 1mg, NazMoO,-2H:0 0.0 Img, KI 0.1 mg,
CuS04-5H,0 0.02 mg, CoClz-6H;0 0.0l mg, 341 / ¥ b~/ 100mg, IEF 7 I~ 5mg,
=aF v b5mg WKLY N+ 05mg, 7 NoHilg EKXK15g THS (VAARIO ef al.,
1999),

FH ¥#h% 121°C, 20 ARBE L7ctk, BER9cm OB Y + — LI 20 ml $*543F L T FH
SERGE AR U i, 7, FHEML OEREZBVWAE0EZ50mIBE=A75 221 10ml A
h, 121°C, 20 /3B L € FH BRI 2RI L 7o, BEBAEITOBICE, &Y r—LBLU TS
22t NS T7 4 VATEE L,

2.2 FHIEMOF YRy TEEAOBEREOBRT

FH 521> 5 FeSO, - 7TH,0 & NaEDTA 2B\ - Efisohdic+ vy 2 s rxkeiday 7
S OBEREFE 1 >R ES 2622°C, BBETICBOLTEE L 2, 3B & LT MMN BEHi< & EkR
B#L/, & 188, 28H, 3BEHOEZOBEREAEL oo #EAHIIZzhEN 8 & LT

23 FYRITERBERRORERICHTIHNMY 2 — FEFROEE
P fluorescens *A42E (B 1mm) TKBEMMSHXID, 0 3 »X0%BEK3ImL I
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SE S &1 (LIF P, fluorescens SBiBik) . FH 24 & FeSO, - TH,0 & Na,EDTA #B =, /-
IC FeEDTA % 20 mg/I A 7= FH SEARES oo ic v % & RN 1 M4 & X, P, fluorescens
BB = BRERY> S lem BEL CBRIRICARML 72 (LP KD, WRIIEIE Y + — L 1 IC2 % 0.1 ml
Ll BREROARBO L b0EMELE L (LK), 256+2°C, BEEFTHE&EL, & 188,
488, SEBOEZEOHRARE L., R EznTN 12 &1,

P. fluorescens %FEXK% AN\ KB iAEICERE L, 251+2°C, BRE N T 48 Rl E S
LU7zo P. fluorescens 2 SAIEEBKE 2 DE T CITREBEEE), 2VWEY I v Y7 409 —
(02um) TAHBLIbD LITAKR) % FHEHREEHRESMAIC 0.1 ml F°>8A L2k, thiic
FyxyrEER 1 HEBESER L, WEE LT P fluorescens #EEE L TV LWEE KB
WA A ERRIC R L, BRERAEB VW, 158 1:BH L 2.8 OEEBEREAIE L 7o, 4k
dzhzhn 8 & L7,

FH ARSI + v % & r BERER 1 fl2 AN, BRIEREE, A8 dH 50 IiE KBREEMO VLT T
D& OImIEMUEE L, #HEKREhEn3 &Lk, A 4BEICAREAVTHRERS
5L, 100°C T 90 s &, EREZAEL 7o

24 FHTY-FIYRITHEEBERAOREM Y 1 — FEF RAFMOFEZ OARERS LU

HEOERRRICRIITEE

200X90X 10 mm DF ¥ + — LIC 80 ml @ FH ¥4 A NAIAEIES A B8 L -, flmEksthE
HICAH I AEBE, Bid SAEL 2K E2BINT 5 7200k (10X&E 5mm) 3 @4 FEic
B\, HEKETEHEENRET # < v EF (19984 10 AR %, 30% B@Fg{t/k#EKic 30
RNRESE, BEHK BEKEANLCEBRENOR——T7Y) vy VLB ERFSE I, XD
F 4~5 8% O, FRICKREZHBIERENM TV WEAZ 2 A8 Fic 3 &#-%2, THEMS
I~15cmBintf-ric Y 2 2y OBEREIR SHEEE\ 12, P. fluorescens B2 FHEZ 1 KT
SX01ml FHOFERICHBIEIICEMULL PLPX)s Y+ —LId/¥5 7 4 W ATEAE L1218,
RBHDEELD DT VI A NVTENT S ZF 1 v 7 BIOFHICHICI~ 7, B 256+27C,
3,000 lux OEELTIERA, 16 BEIHE T TIT- 72, EEDHIET, P. fluorescens "BRiBIR = 1EFE L
HKWrh=v+F Vx4 X (PLK), V47 2EELLZVWTH <Y+ PF X (PP
K), $77H=YDAHDONBX (PX) 2}, PX Tl P. fluorescens "B & BB OBE
KAERIL 72, $22 1,88, 4 8E, 8 BHIC, TH < vIHEEZ OMIREREE + Y % 4 4 OB
BERAAE L, #HE%I PLPX, PLRBZNEN 9, PPX, PROZENZFN 15 & L1z,

3. ¥ F

3.1 FH o+ YRy riEEAOERMEORS

FH B MMN BEHICTEE L 723 v 29 5L ay 79 Y OBEEOERRE A1 IKRT, ¢
BEICLB L, MWfEL b MMN BEHITEE L b Dk FHIEHITIER L AW Fh oS
MicBVWTd, BRICHEBERLKE DM -1,

Fw 3y FHIEH TR L BoE#EERIZ, MMN E#OESIC~NT, % 18T
1 215, 2:BEHTIE 3METH - 120 72 MMN EHITORE T IIEE 3 BH CEHBRENIE
F o cDIiT LT, FH TR L /CREBRRIIE LMY, KEMSIEE 2 2 CHfE L 7o
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FURaY 2Ty

(Laccaria laccata) (Pisolithus tinctorius)

H#OER Diameter of mycelial mat (mm)
o o
- o

w

1 2 3 1 2
HERNAR GR)

Incubation time (weeks)

R-1 FH ¥ (O) & MMN Kl (@) THE L 74 ¥ % 5 7 &2 7 5 4 OBBERREOHR (T4
fif TR ZE (mm))
Fig. 1. Mycelial growth of P. tinctorius and L. laccata cultivated on FH (O) and MMN (@)
medium (Mean value®SD (mm)).
IREOER, WINOREITBV T HIEMIEICIE 5% KETHELEM D o i
There was significant difference between the two media at 5% level by t-test.

av 7y riconTd, FHIEHOBES MMN EHlic L NEZEERSAE L, BE3BETIEE
2fETH - 1z,

3.2 FYRITREBEROBRICHTIHEAMD 21— FEF XAOERE

P. fluorescens BB ATRM LU 7AW TREBLALF Y 2 s YEEOEHRBREZHR -1 IWRT, ¢
BEOHER, 18 1 BEHTRUEXRBICERERRED OO b - /ots, HE4BEHTEILPXO
AWML LD SEEERSERICNES -1,

P. fluorescens DRAEEBEARML A EMIZHOWTEBELALF Y X/ YHEOBEREZE 2 TR

#-1 P fluorescens BEERMOBEICL 3+ Y 2 ¥ rHEOBEERE

Table 1. Diameter of L. laccata mycelial mat by the addition of P. fluorescens suspension.

FEELRS () Incubation time (weeks)
MEEX Treatment

1 4
LP X 12.22+0.972 29.71£2.752
LIX 13.42+1.622 34.50*=1.78°

S+ fEHE(EZE (mm) Mean value£SD (mm)

LP [XiZ P. fluorescens HiIX, LXIEHRX (Fv x5 5DH) 2RT

LP: P. fluorescens suspension addition, L: control (L. laccata only)

tREOHRRLZ TV 7 » Ny + OMEBXEICIE 5% KETHELENRD b

For each date, different letters show values significantly different according to Student’s #-test at
P<0.05.
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%-2 P fluorescens FEBRIRMEH OBV L 2+ % 5 rEEOHZERE
Table 2. Diameter of L. laccata mycelial mat by the addition of different solution.

R GB) Incubation time (weeks)

RNk OFELE Treatment
1 2
RIAESE Liquid culture 7.0 £0.76% 10.75+1.582
k¥ Ak Filtered culture solution 14.50+0.76° 18.17+£0.98°
KB i iAsEH (BRX) Control 11.13%+1.25¢ 18.17+2.48°

SEME +AEHERZE (mm)  Mean value®=SD (mm)

BBBETNT 7Ny bR R KETHELEALRT (Tukey i)

For each date, different letters show values significantly different for P<0.05 (ANOVA Tukey
HSD-test).

#%£-3 P fluorescens HEBRIRMEHOENNC LB F Y 29 Y HEOHIBRER
Table 3. Dry weight of L. laccata mycelial mat by the addition of different solution.

RN OTESE Treatment IRER* Dry weight
HiAEEE Liquid culture 4.5-+030s
% 5k Filtered culture solution 5.31+0.5"
KB izt (REEX) Control 5.0 0.4ns

* BB 4 8EOPIE HRERZE (mg)
Mean valuexSD (mg) after 4 week of incubation.
ns.: HEZ L not significant.

T, AT ORR, & 1,88, 28HE NEXMIC 5% KETHEERESRED O, 18
HCli Tukey iEiC & 3B EHEIC L 5 &, BIAEERNX & ABRANMXOMICHEELENLED
S, ARERMUIESICEEERSRORE P> e T, REEELZRMU X IHIERE
AL 7oBX & 0 AL DICERRES NS h oo, £, BE2EBEHTRABRERML
X EMBXOBEREEICERRD SNih - oh, OmMXEREFEERIKEOZRIEET
»H -1,

BRALEH T 4 BRIEER L e+ v 2 9 Y RERAROLBER L R-3 TR T, WEXMOKLERK
E A IREREE & ERICABRBIX SR bR E, REEERIKEHBEX LD b/hah-
tzo LU, DEOFTOBE, WEXEICEEEZEZRD SN -1,

3.3 7HIY-FYRSTHEEBERAOHENM Y 2 — FEF RAFNOFEL OARERS LU
HEOEZRRRICREITESR

7 H =Y EEL ORBEBEEAER2 ITRT, EE 1ABOMIRERKI, PLPRXTROE
Do s, HESITORER, JUBREICEERZRIROALE» -, B 4:BHBX U 8 HE
T} PL X, PLP X, PP XDIEICTEREMNE {, ST DR 5% KETUEXMIcERLE
BRONT, Tukey B X ALK TRIEE4RBEHTPXBLIUPPKE PLK, 8:BHTPXE
PLIXT 5% KETHERENR SN, PLPXIZ PL X & b bHARBDOTCEEIDIsh - fe i %
DERIBEETWH NP>t £, BE4EHD S SHEBICH T TRERKOEINERLS PLX LD b
REL R AERMSR SN,
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30

25

20

4R Number
o

1 4 8
RN GA)

Incubation time (weeks)
-2 R HEESETERELLTH < Y OHBEREOME CEEOECEERES)
W 7A=Y +FY 25 75 +P fluorescens BEIRIKNMX (PLP);, @, 74 <V ++ v x5 5K (PL)
A, 7 5= +P fluorescens WHEERIX (PP); X, {BX (74 <Y DHP)
Fig. 2. Number of lateral root formed in different co-culture system (Mean value®SD).
W, P. densiflora-L. laccata-P. fluorescens (PLP), @, P. densiflora-L. laccata (PL); A, P. densiflora-P.
Sfluorescens (PP); X, control (P. densiflora only, P)
RIZBZTNT 7Ny MIBWKETHELZEZETRT (Tukey &)
For each date, different letters show values significantly different for P<0.05 (ANOVA Tukey
HSD-test).

Fd ThHev-Fv Ry HEEBERIBIEF Y Ry r OREERSE
Table 4. Diameter of L. laccata mycelial mat in P. densiflora-L. laccata co-cultuer system.

1E&HAM (B) Incubation time (weeks)

MFEX Treatment

1 4
PLP X 5.63%0.74 34.0%2.14
PL X 7.42%0.67 38.3%+1.30

ESE EFEEEEZE (mm) Mean value=SD (mm)

PLPXiZ7 A=Y ++ Y % %4 +P. fluorescens BRBIRHRMX, PLXETH= v +F+v x4 rXERT
PLP: P. densiflora-L. laccata—P. fluorescens, PL: P.demsiflora—L. laccata

t RTE OERSAIEX I IE 5% KETHERESED Shik

For each date, values significantly different according to Student’s ¢-test at P<<0.05.
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BEEELALF VYAV TOBEEOERKELSFR4AICRT, 7He Y EEBFIITELLF VR
s REBEEROEERRR, REDOHRE, 158 1:8H, 488 &S P fluorescens EIBIE & 7R
L=RDOEDBETMLE» - K& b ERICEHBHEES/NE D - 1,

4. & ®

4.1 FH O+ YRy TiEEAOBRMEOKE

FHEHICB T 5+ % & 7 ORBEROEREEL, It Cic FHEMAERW in vitro
TORRAEBEI L TWEay 75y (HBS, 2001) EFEULSBFTH -1, —F, AEHE
BEOEREICLCHVSLNTWVS MMN i3, v % 7 ¥ RBEEROEEFERKEICIEL T
WIEWZ EMEIR o, i, 2V 7Y rREBEERICOVWT S, FHEMTIEE L 72555 MMN i
HTHEETILD SEHEOEHBREMSKE LT, TUOmEEFRL S ALEERETH B Ceno-
coccum geophilum DIZEICKEL T& FH EHIZ MMN Btk v BhcE v, »HoEEAKICHE
LT H 22 &b o> TW3B (VAARIO et al., 2000), 26D &S FHEHIZ+ 7 %
Y OREBICELIETH D, ThHRY-F YRy OEEBICGERTREE MM s 0,

42 FYRITORBEAREESLU7H Y ORRERICKTEIHAMS 2 — FEF XD

4

P. fluorescens BB D 5 VW IFIRFIEELZRIML T, FHEMETE Y 22 X OXRBERE P
fluorescens A ERFICEEE L 1S, ¥V A2 4 r OEEERRENEEICHEB L, Lzd-T,
AFRTH 2 P, fluorescens 12, ¥V % 7 r ORBELRELRHET 2 EEZ N, LHL,
ZOERBEC OV TREARAE» S BHASHICT B LB TELED - 1,

P. fluorescens iFIEE % 2B L THRML 56, B8 1 BEHT, BEOERSEZRTEH &,
TSN, AT P fluorescens 3ZENTVIEWT Ep 5, ARD(EENZIRIZEERD
ICIETES B P fluorescens DSERE L SA O DYBEDEELEZ S, L L, & 288
TRAEBRIMX EXFBX E ORI THEERICENL - (F-2), FRE LT, COYEDE
EBHRHNBEIICHEAT S, &L @EMBEICHAML ARSI cii# L, BEMEL
1o T EBHERIE L ico P fluorescens i, $RRZ TFIeBWT Y Fa 7+ 7 LI A8+ L —
FE A AERET 5 (KLOEPPER ef al., 1980), T OYE 3 EARMEMHE © MR Ok OF)H % HifR
L, o4 B2IEE L0 HEREARBT 3REF > EBHLLITENR TV S (KLOEP-
PER et al., 1980), AREERICE TS P. fluorescens 370 7 5 TAEEL, BHIcX 38t
HOMHABRESWE SN LITL D, RBEEROREZRE L L AfeEitEZ o0 B0, 0
RUIZD W TRASRFMBERABBETH 5,

ThAT Y%V Ry rIERBERICBWT, P fluorescens BB A T H < v icEmL 22X (PP
X) Tid, HBRX (PX) &HNTARERIIMEES NS, - oo —HF Y % 2 Y #EREX (PL X)
Tld P X & R TRIBESE 0 EE 4 8H, S BEHTERIE L~ LbL, ¥V x5 7ERE
XIZ P. fluorescens Bk =i L (PLP X), PL X&KL 54, & 4.8, S AHTH
BRI DS 5% KETIREE T - 12 b ODDINVERD S - 720 F 7 %7 7 OBEEZRRE
I3, P. fluorescens REBEORIMC L - T, TH <Y OFEICHELSFROT AER,EA LN
(F-1,4) T&E»5, P fluorescens BBEOGINEF v %2 7 F OEEERRELXHEEL, ERE
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%5 Th=Y, ¥VR¥, P fluorescens DREORE X N 2 BAR
Table 5. Suggestive interaction of P. densiflora, L. laccata, and P. fluorescens.

}EBE% Interaction 2 Effect
P. fluorescens—> ¥ % 4 1 EREEEIEE
P. fluorescens B AB—>F VY X ¥ B R 2 —E I (g
P. fluorescens— 7T 51 =Y HIRTERICREE L 72w
FYRIT>THTY RIRFE R % (e
P. fluorescens—>F VX ¥ r>T <Y BRIk % B E IR R % 1]

LT, 7h<yoffBEsiMa o nzalfettnid 3, AEERERICBVL TR, BIREOFE
T FHEBOERMSEES N, ROTEASUREZRD %%, AMILEHEIEY, RO
Bl vF s ey PR ENS EWVHBEEZBTEIRIC? 5 (ROBERTSON, 1954, MASSICO-
TTEetal., 1987), 27 7 4 4y OEREII T 7 < v ORRBIEER 2B L, BREEREE2 (Hb S,
2001) 5, ¥y x s rOBEBELaY 7y rEERRICT H = Y ABOERE{RE L b LE DN
%,

Pl b, FHIEMAR W invitro DEBRZREZHWA I LY, Th=Y, ¥V 2447, P
fluorescens ® 3 EDRAREBIET 2 Z L% (F-5), HiT P fluorescens DEEEAKITD
WTIRFY 3y rEEREICEENLSHRNS 2 b -1, 5% ThZNoFRITOV
TESICHMLHEAED ZNENH 5, L L, KFETHW I P. fluorescens 2, KD A1
EhoHInLBETho, BELOHBMEINLHRTRIEW YD, BEHROKEEREICET
2EEMRLTHEDRBAATH 3, SHki, ERE»SHBEL CHEEMET 2 Licky,
MHB DERER L Z 0@ Zic5 2 2B LALLM LTYWSTFETH 5,

AKREAEITICH 1 » T, BRAFTEEEMDG S 7 H <y OFETF, HERKEFHED FIHE
BhSF vy, av 7y OB, ERARFEMFEMIFD S P. fluorescens 11D 5115 #%
FNEFENRBLTOWEE O, ELHERLEL EJ 3,

B =]

In vitro 1283 3 mycorrhization helper bacteria (MHB) O¥EHERZEA 12 BE 3 2 e F A TET
TED, ThevEF V22 rORERBERICHEM Y 2 — FEF R EMARAAKE €7 NVEER
ROBELRS, HEORMBT =Y BLUF Y25y CRETEELHE LI, V%97
O¥EEIC FHEMASEETRETH 5 T L 2B L LT, + VX7 r KEBEEROKREIHT S
Pseudomonas fluorescens DR EBAWET Ulc, BBEKITOE S &/ P. fluorescens %8 L foit
HTH Y2y rE2BBELILEGS, Y3 rRBEOERKESERICHED Uic, 72, P fluore-
scens DIEAEBEAZRML 2EMIZE VTS, ¥ 2 4 yEEOEBRE SIS hiz, —F4, P
fluorescens FEBERE A AB LU TIHRMUZEEHIZBWTIE, F v yEEOERBEMEES N
tco TNIZ P. fluorescens HEEAE LINBEORELEZ Gvte, TH= Y &3V x5 7 OHERE
BRI, P fluorescens ZEINLIZEE, F v x5y DA EERHLIESIIEXTT 4 <Y OfliR
B $ AR SN P fluorescens DU+ % ¥ F REFROBREEMHEL, 74
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< v QAR R A 1 AIREM A E 2 S i,

*—0—FK: ALER, *>YX¥4, Pseudomonas fluorescens, in vitro, mycorrhization
helper bacteria (MHB)

51 B X M
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Summary

In order to establish an investigative method of studying the bacteria promoting
ectomycorrhizal formation, an in vitro model experiment was conducted. The applicability
of FH culture medium to the cultivation of Laccaria laccata has been confirmed, and the
effect of Pseudomonas fluorescence on the growth of L. laccata was discussed. Growth of L.
laccata mycelium showed a significant decrease when P. fluorescence suspension in sterili-
zed water was applied to the surface of the culture medium during cultivation. Also, the
mycelial growth was suppressed by the addition of a P. fluorescence liquid culture. On the
other hand, mycelial growth was promoted when filtered P. fluorescence culture solution
was added, which signifies the effect of certain substances in the filtrate produced by P.
fluorescence. Inoculation of L. laccata was found to promote lateral root formation of Pinus
densiflora. However, in comparison with the inoculation of L. laccata only, the inoculation
of L. laccata with P. fluorescence suspension resulted in a decline in the number of lateral
roots. The addition of P. fluorescence seems to inhibit the growth of the mycelium and
causes suppression in the lateral root formation of P. densiflora.

Key words: ectomycorrhiza, Laccaria laccata, Pseudomonas fluorescens, in vitro, mycor-
rhization helper bacteria (MHB)



Copper Distribution around the Mine Waste Deposit
in Arboricultural Research Institute

Shoko INaBA, Hiroshi KuBoTa, Yoko SaiTo and Chisato TAKENAKA

Copper mine waste deposited in Arboricultural Research Institute may cause some
environmental pollution, but this has not yet been clarified. Stream water, soil, and plant
samples were collected on and around mine waste deposits to investigate their copper
content. Soil samples contained quite high concentrations of copper, as much as 1,050 mg/
kg, showing that soils have been contaminated by copper. Copper was rarely detected in
stream water, which suggested that copper pollution in stream water is not serious at
present. Vegetation on the deposit site was very sparse, but copper concentrations of most
plant leaf samples were within normal levels.

Effect of Pseudomonas fluorescens on in vitro Pinus
densiflora and Laccaria laccata Co-culture System
—Approaches for establishment of a model
system for MHB research—

Megumi TANAKA and Yuji IDE

In order to establish an investigative method of studying the bacteria promoting
ectomycorrhizal formation, an in vitro model experiment was conducted. Mycelial growtﬁ
of Laccaria laccata showed a significant decrease when a Pseudomonas fluorescence suspen-
sion or the addition of P. fluorescence liquid culture was applied to the surface of the culture
medium during cultivation. On the other hand, the mycelial growth was promoted when
filtered P. fluorescence culture solution was added, which signifies the effect of certain
substances in the filtrate produced by P. fluorescence. Addition of P. fluorescence seems to
inhibit the growth of mycelium and causes suppression in the lateral root formation of
Pinus densiflora.



