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The Cd and Pb Accumulation in Various Tissues of Rooted
Cuttings of Four Populus Species Inoculated with
Ectomycorrhizal Fungi, Pisolithus tinctorius."*
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ABSTRACT

The objectives of this study were to understand the characteristics of Cd and Pb accumulation in
various tissues of poplar species and the effects of ectomycorrhizal inoculation on the accumulation of
above two heavy metals in the tissues. The mycelial inoculum of ectomycorrizal fungus, Pisolithus
tinctorius was produced in peatmoss and vermiculite mixtures, and inoculated into potted soil with fresh
cuttings of four species of Populus, P. alba> glandulosa (Pag), P. koreanax migra var. italica (Pkn),

! % 20014 5B 18H Received on May 18, 2001.
FE&ET 20014 68 14H Accepted on June 14, 2001.
2 e Bk Ak \WAKKIESS Dept. of Forest resources, Seoul Nat'l Univ., Suwon 441-744, Korea.

* R ogdTE 19989 FIedAE A 299 5 Hdvie A SR A7 Ase] drd.
* oz 2} : Inyasio@hanmail. net

- 495 -



496 Zpw A WREC T BMY TSl 4 WE HAEe R BAA Cd3t Pb B

P. nigraX maximowiczii( Pnm), and P. euramericana(Pe). The potted soils were added with 0, 30, and
80 ppm Cd, and 0, 50, and 300 ppm Pb. The cuttings were grown outdoors for about five months until
the plants were harvested for measurement of growth, myc orrhizal infection, and metal contents in
leaves, stems, and roots. The total dry weight of Pe treated with Cd and Pb was increased by
mycorrhizal inoculation, while that of three other species was not affected by the inoculation. Cd was
accumulated in the highest concentration in Pzg and its concentration was increased by four times by
mycorrhizal inoculation. The Pag accumulated Cd in the highest concentration in the leaves, while three
other species accumulated Cd most in the roots. Pb was accumulated in the highest concentration in the
roots of all the four species, while Pkn accumulated Pb in the leaves as much as in the roots. Without

mycorrhizal inoculation Pe accumulated Pb most among the four species, while Pkn with mycorrhizal
inoculation accumulated Pb two times more than in the same species without mycorrhizal inoculation. It

was concluded that Pag was the most effective species among the four poplar species in Cd absorption
from contaminated soil, and that Pe instead effectively absorbed Pb. Mycorrhizal inoculation increased
the Cd accumulation in the tissues by four times in Pag and also increased Pb accumulation by two times
in Pkn, with leaves being the major sites of metal accumulation. It may be possible to use these two
poplar species in remedying the metal in the soil through the raking and removing the litter out of the

contaminate site.

Key words : heavy metal, Populus alba % glandulosa, P. koreana X nigra var. italica, contamination,

remedying
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A s, Ealdo] 4 £y o st E
2E Aoz sy, a7 hg5d Ase sk
Al A e W7 F 554 50mlz £8) 4
Flar 429 AFHARZ 3} F, F & 4 2=
vh kg $AAAE o] g8l Cd BEE A3
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Table 1. Mycorrhizal infection rates(average+SD) of four Populus species inoculated with ectomycorrhizal
fungus, Pisolithus tinctorius at the three levels of Cd in soil.

Mycorrhizal infection rate(%)

Heavy Populus

metals ppm Populus koreana X nigra Popu lys . Pop ulus -
alba x glandulosa var. italica euramericana nigra X maximowiczii

0 64.7+1.92° 60.4+2.57 65.7%4.42° 66.0+3.84°

Cd 30 66.6+9.27% 56.9+7.70° 62.2+2.52° 58.1%2.7%°

80 63.6+2.87° 51.9%8.18° 57.5+4.84° 57.9%2.95°

0 64.7+1.92° 60.4+2.57° 65.7+4.42° 66.0+3.84°

Pb 50 59.2+8.22° 57.8+8.58° 64.5+3.15° 59.8+10.3°

300 58.3+9.74* 53.8+3.96° 60.2+9.27° 55.4+2.41°

Means with the same letter are not significantly different at 5% level in Duncan's multiple range test.

a8tA = st

2. Cd2t Pb ¥ o0l miE £t #ME

Table 2+= Cd3 Phe g 23 &8 47 <
ZF9o] & AAen S/RES Jehd Ao}, $4
Cd He)7& 9 was] 29, oldzxEeY
F QA Cd A=z Zrlstgd ot A A
FFeo & A=k W@l ¢lgdol, S/REL +
HEZeANA Cd Mo o8 wa= e, o
£ Al 2= S/REo] Wslslx ket

Pb e we} FARA}F-8) olefe] 29
% *ﬂ"”’s“ zpol 7t 9lgl o}, A EE= e} of3
Ao M FolAdel glddct. AT 2 A%

2 Hl"d%-?‘ﬂl*i Pb A Fxo we} Fr13t
Ao HEFA M= Zol7t gt olH=HEE
e vAHETY HAFTF ZFedA Pb el ¢
3 E AR Frlsksct.

S/RE&E wdxZe oldgzlxEFe M Pb
Aglol whe} zolrl glxdct. #%E%H%,S/R-%
2 A %52 Pb 300ppmA 2l +7} Pb Oppm Pb
50ppm ARk ggkch, 2y olejE] 2 EE
9] S/R&& FZE729 Pb 50ppm= Pb 300ppm
2277} Pb Oppm At} 9},

Ry 234 ko FrEPE o F
zke) wrobE whallslAV Al B 27| RS AA
3t 24 veliok(Jordan, 1975). 9% F
Aol gk Alge A i P =9 7
Z2(Huang %, 1974), £71¢ FEAHAEE i,
A9 whd palog gyl xAHHe FERE
(Lamoreaux and Chaney, 19773 A4, st 2
L okgel XE(Tyler, 1975) Soll gsx dolrd

o}, 28y £ AT CdF Ph Ao o
7HAA Hev AR e 57 A 54 4L
ZE F7) e}, ol8d A E A7 H4
g Cd=t Pbel He Fert B5A4& =28 U
=R @#str] oz Agdch, w3 Cd¥ Phe
J+Eé=°i 5'-14—5].,‘: 76"?“’“5 z]aao] AEZ}-O 5
o] AW FFE5S AAA FAo] vehtH
%E 7t E EA. oluigt Az A
Wz AEe] H$ F2Z vehes "]t (Cox
and Rains, 1972; Godbold %, 1998).

3. WM ol IE 4N ML

Cd M FeA F27F AL A YT
2 QA oAzl wd olgREEedAME
= AAes ZMAgH e UmR| £Fde 4
71 9}, S/REY #3d HE Ede -r%_

ZeldlA velyged, Cd Oppm¥® Cd 80ppm
A S/REo] TR A Frisidet, 2y o E
A e F2F AFIAE FoAdel Uit
(Table 2).

Pb Hel7-2 AS 2T I 9% & AF
2o Wshe AT oz &M Y
et FAAUEE S AFFRY F
AArege] wglo} oleiEl &= AR
£ 2 AEEr) e SR F Qabeke] W
gket,

S/R&9 #TH AE 2AE FUEER9 o
el 2Z A Jehged, $dzEZ=E Pb
Oppm¥} Pb 50ppm X &4 S/R&o] 718}
don, olefzg] £Z# = Pb 50ppm 2| FellA
S/Re] Frlehsdrt.
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Table 2. Total dry weight and shoot/root(S/R) ratio of four Popuius species five months after initial
cutting at different levels of Cd and Pb added to the pots.

Mycorrhizal Cd Total Pb Total

Speceis status concentration S/R ratio |concentration dry S/R ratio

added weight(g) added weight(g)
Non-mycorrhizal 0 10.1+0.8* 5.8*+1.0° 0 10.1+0.8™ 5.8+1.0°
Populus 30ppm 9.5fo.4‘a’ 4.840.5°  50ppm 11.0fco.5:" 5.911.02"
alba X glanduiosa . 80ppm 11.1i0.5b 5.810.6 300ppm 11.3+0.4 G.OiO.Gb
- o Ectomycorrhizal 0 9.5+0.4° 5.1+0.4° 0 9.5+0.4° 5.1+0.4"
(A AR) 30 ) @ 0 RE g o b
ppm 10.1£0.3 5.1%0.6 50ppm 9.410.7 4.970.5
80ppm 9.5+1.2°  5.0+0.9*| 300ppm 9.2+0.9° 6.1+0.1°
Non-mycorrhizal 0 8.8+0.8 3.6+0.2™ 0 8.8+0.8" 3.6%0.2°
Populus 30ppm 9.4¥1.8 4.4%0.8" 50ppm 9.910.9 4.1+0.6"
koreana X migra 80ppm 7.7+0.8"  3.3%0.5°) 300ppm 9.310.4 4.010.7
var. italica  Ectomycorrhizal 0 9.0+1.1* 4.6%0.6 0 9.0£1.1° 4.6+0.6®
(T4 xEe) 30ppm 7.710.8  3.610.4  50ppm 9.6+0.2" 5.4%0.4°
80ppm 9.3+1.3% 4.5%0.5"| 300ppm 8.371.6 4.2+0.7
Non-mycorrhizal 0 7.8+0.6° 4.5%0.6 0 7.8%0.6° 4.5%0.6"
Populus 30ppm 9,1t0.,5° 4.9+0.5° 50ppm 9.6+0.2° 4.5‘t0.2cbc
e 80ppm 10.6+0.7* 4.7%0.5° 300pm 10.7£0.8" 5.3%0.6
fj{ggegi“;‘; Ectomycorrhizal 0 9.1£0.3°  4.8%0.2° 0 9.140.3 4.8+0.2%
= 30ppm 9.7t0.38  4.5+0,4° 50ppm 10.8+0.4* 5.9+0.8
80ppm 10.5%0.6° 5.1+0.7| 300ppm 11.1+0.7 5.50.8"
Non-mycorrhizal 0 9.1+1.3% 3.9=x1.1° 0 9.1+1.3" 3.9%1.1°
Populus 30ppm 9.6+4.1° 3.9%1.4 50ppm 9.9£1.2" 4.3x1.0°
MIgYa X MAXIMOwIc 80ppm 12.120.5°  4.8+0.6°| 300ppm 11.611.4° 4.940.4°
211 Ectomycorrhizal 0 9.9+4.0° 4.2x1.6 0 9.9+4.0° 4.2+1.6
(F34) 30ppm 11.1+2.3 4.8x1.5° 50ppm 12,71, 5.1+1.3
8ppm  10.4%0.7* 3.8%0.3| 300ppm  10.2%0.8" 4.0%0.6"

The different letters within the same species indicate significant difference at p<0.05.

Aube g Fto] YL F59 QAL AA
e Aoz 48 9w, Brown® Wilkins
(1985)= #HuMAFd FESIATE HFT
22t fuelld 2 Al o8] o] AfAl
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2 A A F(Hebeloma crustuliniforme),
A, A AT, Aot A TR A
Zx¥ ZAZALY Y (Pinus ponderosa)t
(Pseudotsuga menziesipo A ol HEH A
frexe # HE FRAA AFFe]| Fas)
oz nastsdct, B3] AlvbAviAFo] HEH &
nollA Aol @A Aasln, EAWATS B
B} AR AAg xFste] T/RES F7HA
7= Asfe] gjrtm B aslgdc), ol2|dt Az
g ez JAd B4 E 5w Po| FIF
o s AnsElz] wEd dehde dAdeld
(Paul %, 1985), A% 27)d vjehs= 2971 9l
t}, B3] 713 HoAL skAl d#2Fe] AS, A

o o
o s

i g
o W, o of

Adez £%o AEHAL W $2 4% B2l
debd 4 gleh, & QT E2F AEel o)
Aeo) Z71RE AL ol LEe] Wolglon,
AP oslE Aol Zasgd.

4. Cd B geHo| #HE %R

ZEZ9 4 £ Cd F5 532 Figure 19
A9} zbo)l o whe} Aoz Slddrh. WARAG
F e g2 £EdY 2E A=A Cd 7571
7 Eoter, B8 %L Cd M= w20t S0t
ol a2} Aol A% Cd Fx71 $7istg ot
Fd Cd HE Fxedd #3F AF Axe 4
Ao et Jepgel, &, dAAVRE Cd
30ppm<} Cd 80ppme] A=A F AHFel ube}
Cdol &4 Fx7l zA Zoksiddd, 538 Cd
80ppm HeldMde & AF 8 F+ F=7}
aA 713 125.7ppmE hetdle] Cd 30ppmel
A2lg A F79 30.3ppmE et 49, Cd 80ppm
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o] Melg vl &9 83.7ppmict 1,58} 7}
vk,

29 Cdell wig WA F7le o] A7 Ate}
"}"}ﬂxli FZ3 F&d w2t o$ kA v
ehdil, = Cd F5v £F200 % kst
vehted, ol2d £7F Aol ¢35 w& Cd

& BA 2] Aold| A Hl%ﬁ‘:}(Page =, 198D).

o] A Ade HAAUTE AL o +F
o4 AFE1+e Cd =71 7(]‘-‘—3]"1__‘ 733%-g e
Wk, olel g dAke T2 JAd o A &3
oz AWel Cd ¥x7F HA4d5UE 74 (Cox
and Rains, 1972; Godbold %, 1998)3} Fel ¢
# A2 AWz Cd fidel Aa=EAE 714
o] &a1gcHColpaert and Van Assche, 1992).

B Aopulus rigra X maximowicai
0 Populus korearna X nigra var. italica B Fopulus euramevicana

0 Aopulus alba X glanckosa

Figure 1. Average Cd concentration in leaves,
stems, and roots of four Populus species
inoculated with Pisolithus tinctorius.
NON30 : non-mycorrhizal trees treated
with 30ppm Cd, NON8( : non-mycorrhizal
trees treated with 80ppm Cd, EM30 :
ectomycorrhizal trees treated with 30ppm
Cd, EM80 : ectomycorrhizal trees treated
with 80ppm Cd. Means within the same
treatment with different letters indicate
significant difference at p<0,05, and the
letters in parenthesis indicate the effect
of mycorrhizal fungi at the same Cd
concentration.

5. Pb ik HEHS] MR R

zZe 4 $%9 Pb F4 ¥ 54, A
gz 2 o)z} sickFigure 2). 5‘% ZM
= alejy 2 od2d, Pb 50ppme] A" v|AF
T e £H9xEe]e Pb et sbE =9,
ogde] Pb =& vlAHET HEFT BFlA
7}4 Joprl. Pb 300ppme] H2lE wlAFF-o A

= olda 2 &8 Pb ¥x7} /M4 =gtend, &
AFA R0 R x e M dokoh, HET e
A= WA AUES] Pb 271 Al 24 dl8 @
AsHA sk},

F9 Fxex # A4F Axe Pb 300ppmel
Az E AT Z9 ol EF ] oA el
Az Ed9 Pb &4 F=E AEFE 198.7
ppmeg wlHEH} 26 Frbstgdcl, ey
olefz] 2529 Pb ¥x& HET/ HAFTE
t} ottt & Pbel F EAHLE #53% A= ¥
ol w2} 2 o[} glon, F9 H¥E Pbe
Azl o s Wil = &g BAFE.

EMSD
Populus nigra X maximowiezii

NONSO
U Populus alba X glanctsosa
I Popudus koreana X nigra var. falical Poputus euramernicana

Figure 2. Average Pb concentration in leaves,
stems, and roots of four Populus species
inoculated with Pisolithus tinctorius.
NONG50 : non-mycorrhizal trees treated
with 50ppm Pb, NON300 : non-mycorr -
hizal trees treated with 300ppm Pb,
EM50 : ectomycorrhizal trees treated with
50ppm Pb, EM300 : ectomycorrhizal trees
treated with 300ppm Pb. Means within
the same treatment with different letters
indicate significant differences at p=<
0.05, and the letters in parenthesis ind -
icate the effect of mycorrhizal fungi at
the same Cd concentration.

o] o7 Awtel o], FF&el g WAL +
Zo) ojel 2 zolr} Ud, 2 AF2E U
WAe M s $Ee uet 24 ohEE @
4 qle}, o2 g de FEdd A gL A7
A% #elg 4= gltt. Colpaert and Van Assche
(1992, 1999)= ofel 7HA F2Fe] A% +44
%8 oA Cdxt ZnY F=7F $A vehve &
A5 AR, 2y o8 ¥ A FEFIH
g3 Suillus spp-7F AER FBeAAT U
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dod, AtAWAFer FE2d fre deA
= 238 Zn FE7F F7Meech. Godbold ¥
(1998)-2> #<-& A Al EoAH AAo] Zrls
o] A9 FF% v} FasE Ao 5 o
o], oladt AAEL FEI FF4 FF
w2} zpelrt qlcka Rasgct, &, #3% A
T A S T A UL AERY FF4
o a2 A s Ao HeH A, A
FEFE T e o 3 AR 2 F
ol g WAE SV B 4 Qlok, =3
Cox and Rains(1972)= 452 Azo] wi=A o
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olube A7)l Pbel w27t Fastes Aol A
g, oleigt A= FEHes Zrbd A
9814 Pbel 34=97] o)zt sl

6. Cd WM WA %R

Cd 80ppme] Hel® ZE 4/ %9 Cd ¥
T w5 A ¥9H Ael= Figure 3ol viepy
Aok, dAAUYFE Ao Cd 25 vAHE T A
Z-ollA 727 113ppm, 176ppmo.& 714 E3he
o, 27l 727 37ppm¥ 67ppm e & 7HA gk
o}, a2y RUEE 9 A, ojHe £Ee] 9
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CLeaf NStem MRoot
(D)
200
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B
(=3
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© \
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Oteaf BIStem MRoot

Figure 3. Cd concentration in leaves, stems, and roots of Populus albax glandulosa(A), P. koreanax
nigra var. italica(B), P. nigra>xmaximowicziKC), and P. euramericana(D) treated with
80ppm Cd. Means with the same letter are not significantly different at 5% level in Duncan's

multiple range test.
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