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Ectomycorrhizal Development and Growth of Pinus
thunbergii Seedlings Inoculated with Pisolithus

tinctorius(KJ-1) in Copper Treated Soil.
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ABSTRACT

This study is to investigate the effect of mycorrhizal development, growth, nutrient absorption of
thunbergii seedlings inoculated with Pisolithus tinctorius(Pt. KJ-1) in relation to toxic materials in

soil. The concentrations on copper solution applied to the soils were 0, 40, 120, 260, 430ppm. The
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results are summarized as follows :

1.

(2]

The germination of P. thunbergii with Pt. increased greater than without ectomycorrhizal fungi.
Mycorrhizal development showed a significant decreasing trend at high concentration, and tolerant
Cu test with Pt. in agar plate media showed a decreasing trend at a high level.

. P. thunbergii seedlings inoculated with Pt. showed that the shoot length was significantly promoted

at 40, 120ppm copper levels, and that of noninoculated seedlings had the lowest effect in 430ppm
copper level.

. The outer shape of ectomycorrhizal root tips after inoculating Pt. on P. thunbergii seedlings appeared

as a monopodial type, a fern-like type, and a cluster-like type at Oppm, 40ppm levels, but only
monopodial type came out at 260ppm, 430ppm copper levels,

. Root length, no. of juvenile leaves, total length of juvenile leaves, total dry weight, no. of needles

and total length of needles of P. thunbergii with Pt. increased greater than those of noninoculated
seedling. Growth response of P. thunbergii seedling inoculated with Pt. increased significantly at
40ppm, 120ppm Cu levels.

. As a result of analysis of growth medium, pH, Na ,CEC increased at higher Cu level, and total

nitrogen, organic matters, available phosphorous, K, Ca and Mg decreased at 40ppm, 120ppm Cu
levels. As a result of an analysis about a copper within soils, it appeared having high Cu-
concentration at Oppm level of an inoculated Pt. and high Cu-concentration in noninoculated Pt.
than in inoculated Pt. at higher level.

As a result of an analysis of shoot, N, P, and K-concentration were higher in noninoculated
seedlings than in inoculated seedlings, and Cu-concentration was higher in inoculated seedlings
than in noninoculated seedlings. The analysis of root resulted in a high N-concentration at 40ppm,
120ppm levels, in a high P-concentration in inoculated seedlings and in a high Cu-concentration
in noninoculated seedlings. Cu-concentration was significantly higher at root than at shoot.

Kev words : Copper, Pinus thunbergii, Pisolithus tinctorius(KJ-1), Heavy Metal, Tolerance.
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Fig. 1. Seasonal Changes of temperature during
the experiment period.

HAL ol gErEshach,

4. TET ik 3 B8

BEol A% S FE(Pinus thunbergit
Parp)eln, 34 BT 1008E FHI #2ET
o] FA+= 0.02010.003go.2 WS BREst
3, BT FAE WEst] k, B, R GFa
B BFe el s Zo| UMM W
% 10% Sodium hypochlorite el 30 %
W AT o EmkE 3 Ale] ZulE Root-
rainerel] 2-3%4 lcm¥ o2 #BHEsly LRV
ele] FRE Bikdrl i REE Perlited
0.5cmE k. #T+ 48 8H ®/Esidow
¥#L2 Fig, 49 3},

5. Cufitit IFRE 23 B Xig

EE-S B.0.D. Incubator RellA 25T (+0.5)
oA RHi=Il o, Cuel st Pisolithus tinctor-
wsKJ-Deel S #FMEsH7] fl&l CuCl2 0,
40, 120, 260, 430ppm #EHES &g MMNHF
Hiol Agar® ®islx pHE 5.6°92 FEgHk
Petri dishell Pt.(KJ-D&S 10cm* 74 Plug
£ AAt3ted BB RS2 8% Colony?
A& PlsEstH .

7. I U HHW® 2

TS BRAAH BEAA 10-meshA & &@
3 1S A AR FRss e, pHse
WTFESRE, 0.M(Organic Matter)= Tyurink,
Zw#= Kjeldahls:, P+ Bray No.2d&k, 18

T ERM EEe B ETRAREESRE &5
#ratech. HtEE o REE 80TNA 488F
B dry ovenellx] #MA1Z1 ¥ desiccatorel] g o]
FiEo g MEA7 F Willy millg A& vwias)
of HEtpRae ofrH e FHslg . R
A FES HO0r-H:S04 22 4rfgste] o og
%, Na, Mn, Cue atomic absorption spectro-
photometer(model type : Pyeunicam 9000 AAS)
2 amyen, Nt XBHe=Z, P Eexd
B2go 2 S,



332 Cus EHEY LA Pisolithus tinctovius®i& HEY FEH82 NERBRESN &R

0. &R % Ex

1. MRES AmMEel HiE

Fig. 28} o] Pt.(KJ-D# 4B it A
H(MMN AgarTAiiigi) BEHEE 120ppmE LU
FolME 287 A3, 430ppmE Cuki#e vl =)
dMe £l I3 EFEoH, BRER Z5
2 Pt.EBEEF] (KT MFEFE =3 A4
335 =

Cus HA7 L8N BEBREEELS Fig. 3
oA BelFHo] HBER 242 FHLsldEod,
HEHY Z2RE Jeldidd, aex, BERES
EEEREAA BB =3 BE#sledes, Rhizo-
morph BEL: BkEs 242 438 @Ho=gd
t}(Table 1). Amebrant $(1987)"& E& g /5
el Mg FREC HES o, E¢EoE
HiE ool o#e @l JEERE sl
A rEESE 22 fE Hvh BsE Culiiold
228 4 9lvkw stgicl, Colpaert $(1987)%"9
2] el 9sld oJ2] KB EARETM Pt &
o] CuiiBEANME h£Fo] Whestrl st ovt
mEY +HEEHRE N BEEBEE Rl 2
MY fRMEo] glox Z FERYQl el EK=
o, EiREE M BL&BREER olel HE
B HgiEe] #msEr ez z Cu L Ni,
Zn, Pb, Cd % ZB4&B g ke 4#Hd
EH ERS Bl LEsldr A4ET,

e oA CulBEE K & 1K IR
o o] BBEZ A2 KRS, HEE
7} e ER T 1k AR B, —&H
© 2 A0ppmEdAE =4 Jebgi, 430ppmE
e 7 FA delhdow EilEdA iR
o] (LA T HEER L FEHEMEE A Short
root®7t E=A vhebddl,

——Oppm —4a0ppm ~*-120ppm G- 200ppm - 430ppm

1 2 3 4 [ (] 7 []
Week

Fig. 2. Tolerance test of Cu by MMN Agar plate
media for 8 weeks in axenic culture.

6o

Mycorthizal percent (%)
8

20}
)l L A
° 8 0 ) W
Date

Fig. 3. Seasonal variation in mycorrhizal percent
of P. thunbergii seedlings grown on ver-
miculite, peat, and sandy loam inoculated
with P. tinctorius(KJ-1) and at various
copper polluted soil.
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Table. 1. Summarized characterization of Pinus thunbergii Plus Pisolithus tinctorius (KJ-1) mycorrhizae.

Mycorrhizal Morphlogy Ectomy- Rhizo~

Treatment A , ; corrhizal morph
Monopodial type  Pinnate type  Coraloid type  percent (%)  condition

Oppm ++ +++ +++ 90.88 +++

40ppm +++ ++ + 80.45 ++

Cu+Pt, 120ppm +++ ++ - 40.97 +

260ppm ++ - 42.04 +

430ppm + - 33.87 +
— absent — present ++ present in small numbers

+++ present in large numbers

++ 4+ mass incidence
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Fig. 4. Seasonal variations in growth of P. thunbergii seedlings at soil mixtures inoculated with and
without P. tinctorius(KJ-1) treated five copper levels.
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Fig. 5. Seasonal variations in pH, soil and tree copper concentration of P. thunbergii seedlings
inoculated with and without P. #inctorius(KJ-1) at soil mixtures treated five copper levels.
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Table 2. Soil analysis in sandy-loam, peat and vermiculite growing medium polluted with copper
inoculated with or without Pisolithus tinctoriusKJ-1).

Inoculation, and pH  Total O.M. Availalte K Ca Mg Na Mn CEC Cu
Cu concentration (H:0Q) N P " mv/k
(ppm) 1:5 (%) (%) mglkg Cmol " /kg g/ke

0 6.13% 0.068° 3.14° 106.1° 13.04* 35.11° 48.63% 9.72 1.13* 6.65° 23.80°

40 5.9 0.076° 2.72'  89.1° 8.36° 34.51° 45.17° 6.33% 2.45° 8.18% 24.6(°

Pt.+Cu 120 6.05" 0.053° 3.32* 97.5™ 7.71% 33.48° 46.78% 10.59™ 2.63° 11.45" 51.50°
260 5.83Y 0.069° 3.44 106.1°  7.21°% 49.03" 58.26° 11.11™ 3.56* 13.95° 102.51°

430 5.91% 0.092* 3.38" 127.2° 10.21° 48.20° 65.17° 18.47° 3.54* 16.57° 170.13°

0 5.84% 0.069° 3.14° 106.1° 5.95¢ 40.57° 50.85% 8.64 1.01¢ 10.14" 15.60f

40 5.80° 0.069° 3.862° 110.1°  6.54%f 38.99° 54.68™ 9.33% 1.94° 11.88° 27.40°

Non. Pt be d be c g d de od be d d
e 120 5.97 0.061% 3.68™ 89.1° 3.84%F 29.49° 46.80% 8.61% 2.42™ 12.97* 57.53

Y980 5.64° 0.053° 3.92° 97.5 5.49° 29.79° 34.81' 16.30° 2.28% 14.82° 119.20°

430 5.78% 0.076° 4.11° 101.7% 7.14°% 41.62° 47.15% 11.60° 3.28* 14.50™ 195.20°

1. All values within a given column and within a given inoculation followed by the same letter do

not differ significantly at the (.05 level by Duncan's New Multiple Range Test.



WEHEEE 85Q2). 199%64F 64 337

Table 3. Foliar concentration and uptake of nutrients in P. thunbergii seedlings inoculated with or
without P. finctorius ectomycorrhizal fungi.

Inoculation and Total N P K Ca Mg Na Mn Cu
Cu concentration
(ppm) (%) (%) (%) mg/kg
Pt.+Cu 0 0.362™ (.33 1.413  0.353  0.18"  0.036° 0.114° 18.8°
40  0.458°  0.36° 1.368*  0.476°  0.27%  0.021'  0.107° 24.2¢
120 0.404°  0.31* 1.237°  0.350°  0.155™  0.045°  0.090° @ 25.8™
260  0.374°%  0.27 1245 0.254°  0.164*  0.057°  0.095°  26.2%
430 0.275%  0.27% 1.164™  0.224°  0.143°%  0.072°  0.076°  30.8®
Non.Pt. 0 0.397  0.16° 1.088¢  0.660*  0.161°  0.057° 0.138*  21.6™
+Cu 40 0.352°  0.23®  0.960  0.572°  0.183"  0.042* 0.08"  24.6°
120 0.359%  0.19%  1.010® 0.590° 0.183°  0.057°  0.070% 26.8"
260  0.313°  0.18*  0.8%4"  0.459°  0.153° 0.06F  0.070¢ 32.6°
430 0.298%  0.13° 0.7655  0.458°  0.119°  0.146°  0.066"  34.4°

1. All values within a given column and within a given inoculation followed by the same letter do
not differ significantly at the 0.05 level by Duncan’'s New Multiple Range Test.

Table 4. Root concentration and uptake of nutrients in P.
without P. tinctorius ectomycorrhizal fungi.

thunbergn seedlings inoculated with or

Inoculation and Total p K Ca Mg Na Mn Cu
Cu concentration N
(ppm) (%)  mg/ke (%) mg/kg
Pt. +Cu 0 0.397%  0.46°  1.281*  0.579°  0.101°  0.140°  0.061°  35.4
40 0.47F  0.48 0.906°  0.497®  0.147*  0.194™ 0.051™ 62.4°
120 0.427° 0.44° 0.803"  0.390¢  0.134"  0.182" 0.045°  108.8°
260  0.404%  0.45° 0.816%  0.366°  0.126°  0.198™¢ (.048™  202.6°
430  0.351°  0.4I° 0.743'  0.351®  0.089"  0.314*  0.037* 297.6
Non. Pt. 0 0.412¢ 0.31¢ 1.122°  0.522®  0.09¢  0.150 0.055"° 52.2¢
+Cu 40 0.465°  0.25° 0.869  0.474™  0.099°  0.224°  0.050™ 63.2°
120 0.450°  0.25° 1,728 0.339%  0.122°  0.209°  0.044% 112.2°
20  0.420%  0.24°  0.780%F  0.363°  0.111°  0.194%% 0.034°  214.4°
430 0.412¢ 0.2 0.689"  0.243  0.084"  0.302*  0.033  349.0°

1. All values within a given column and within a given inoculation followed by the same letter do
not differ significantly at the (.05 level by Duncan's New Multiple Range Test.
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