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Fig 1-1 Transport of soil cations Lindsay, 1974
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1-2 Cushman, 1982

Fig 1-2 The relationship between ion flow into root rate and ion concen-

tration in boundary  Cushman, 1982

Hale and Moore, 1979

Mengel and Kirkby, 1987

Schenck, 1976  Jordan et al. 1998

Prunus persica L.
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Berntson and Bazzaz, 1997
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Fig 1-3 Brief of smulated rhizosphere  Cushman, 1982
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and Wang, 1997
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Tessier et al 1979 multiple-step

extraction

oxide-bound

residual

complex

exchangeable
carbonate-bound Fe and Mn
organic bound

Krishnamurti et al 1995

easly reducible metal oxide-bound
amorphous metal oxide-bound

crystalline metal oxide-bound

metal-organic complex bound
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1990

yellowish-brown podzolized soil

1977
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2,057

17 1990 Thornthwaite and Mather 1955

18



AB'’ 2ra

1987 Walter climatic diagram
relative drought
period
620
Cryptomeria japonica
Talwania cryptomerioides Chamaecyparis formosensis
Cunninghamia lanceolata Cunninghamia lanceolata
var. konishii Phyllostachys pubescens
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Fig 3-1 Sampling Sites



Completely Randomized

Design CRD

10-30 GPS

31

31 GPS

Table 3-1 GPS location of sampling sites and fundmental information

sample m

1 1310 228522 2618474 8 4
2 1315 228530 2618463 8°

3 1307 228537 2618450

1 1194 228467 2618501 g 3
5 1202 228463 2618450 50

3 1208 228461 2618422

1 1198 228480 2618474 340
5 1195 228468 2618498

3 1178 228448 2618631

21



10

1997 1998 1999



1)

Gee and Bauder, 1986

1M CH,COONa pH 5
C-N andyzer

Perkin-Elmer 240C, 2400 EA I

flash combustion

23

pH



20

TDC

1 Thomas, 1982
2mm 10g
100mL 1M CH;COONH, pH 7.0
Inductively
Coupled Plasma Atomic Emisson Spectroscopy, ICP-AES
Applied Research Laboratories Fisons ICP-AES Accuris
ca” Mg K" Na cmol

+ kg il

2 Cation Exchangeable Capacity = Rhoades,

1982

24



2mm 10g 100mL

IM CH;COONH, pH7.0 100mL 95
CH,COONH, 100mL 10 NaCl
NH,"
Regular Kjedahl method NH,"

cmol + kg ol

3 Base Saturation
ca® Mg K" Na
_[K']+[Na']+[Ca*"] +[Mg*].

BS% = 100
CEC

AAAc-method Lankanen and Ervio,

1971
1 ammonium acetate-acetic acid-ethylene -diamine-
tetraacetic acid 7449 NaEDTA  57.1mL 100

CH,COOH 37.3mL 25 NH,OH HO 1

25



CH;COOH  NH,OH pH 456

2 3y 30mL 25
1 Millex 0.45p m

ICP-AES

Krishnamurti et al., 1995

2mm 1g 50mL
1 exchangeable
10mL IM Mg NO; ,pH7 25 4
12000xg, 10min 10mL

ICP-AES
Inductively Coupled Plasma Atomic Emission Spectroscopy
Accuris Fisons ARL-142

5 ICP

26



2 carbonate-bound

25mL 1M CH;COONa pH5 25 6
Millex 0.45u m ICP
10mL
3 metal-orgamic

complex-bound

30mL 0.1 M Na,P,O; pH10 25 20
Millex 0.45u m ICP
10mL
4 easly reducible metal
oxide-bound

20mL 0.1M NH,OH HCI /001 M HNO; 25
30 Millex 0.45u m ICP

10mL

27



5 H,O, extractable

organic-bound

5SmL 30 H,O, 3mL 0.02M HNO; 85 2
3mL 30 H,O, 85 2
10mL 2M Mg NO;3; /20 HNO; 25 30
Millex 0.45u m ICP
10mL
6 amorphous minera colloid-bound

10mL 02M NH, ,C,0O,

25 4 Millex 0.45u m
ICP 10mL
7 crystalline Fe oxide-bound

25mL 0.2M NH; C,0, pH3 /0.1M ascorbic acid
95 30 Millex 0.45u m

ICP 10mL

28



8 residual

2mL 71 HCO, 10mL 48

HF ImL HCIO, 10mL HF
ImL HCIO, 12M HCl
5mL 25mL Millex 0.45u m
ICP
Microsoft Exad 2000
SASV8 Duncan



1 pH

4-1 4-1 2 pH
pH
1
H* OH
Hedley et al., 1982
H +
pH
2
Marschnar Romheld, 1983
Stevenson, 1967
3 NO;
OH" NH



NO;
H* OH"  Walker 1960, Kirkby

1968

4-1

31



4-1

Table 4-1 Sdected soil physical and chemical properties

pH Exchangeable Cation Texture
o Or g&niTeta N CN BS T
ple . -1 exture
ratio cmol + kg Sand Silt Clay
H,O KCl
CEC Ca K Mg Na Sum
FRS 448 3472 5.18 041% 1274 3350% 302 232 233 1692  936% 2805° 663 18.1 156 SL
FBS 494 3.86° 2.44° 017° 1446 2157° 14 1.3 0.76° 112° 462°  21.46° 60.9 25.0 141 SL
RS 4422 3.36° 5.322 040%  1330% 3543% 3113 239 2297 2092 988 2792%® 639 218 14.3 SL
BS 48" 378° 251° 019° 13242 222" 15® 1.50° 0.77° 123° 50329 2271P 575 26.1 16.4 SL
PRS  426° 3162 5662 0462 1225° 3956% 3347 252 2.362 275% 10977 27.82% 625 29 14.6 SL
PBS  480° 3m4P 255° 019°  1320% 2454°  168° 1.87° 0.77° 130° 562° 2209 55.1 304 145 SL

" FRS Chamaecyparis formosensis rhizosphere soil

JBS Crypt pmp dilksalaPRS Phyl | ost a crhizpsphergsoilb EBScRemys| | o st a cbhlkysal

CEC Cation Exchangeable Capacity BS basesaturation SL sandy loams

FBS Chamaecyparisformosensis bulk soil

JS Cr y pt p ap ohiz@sghere soil

"The number followed by the same letter is not significantly different p<0.05 as determined by Duncan'’s test.

pubescens



Orhizosphere soil
Bbul k soil

Chamaecyparis fCarympdwanmesiisa |Rpylnliceasat achys pubescens
species

4-1 pH

Fig 41 The differences of pH in bulk and rhizosphere soils of three tree
Species use water as solvent

4. A
3.9
3.
3.5
Orhizosphere soil
pr .3 .
Bbul k soil
3.4
2.9
2./
2.5

Chamaecyparis CGroypmptosmearsiiaa Playploiho ctaachys pubescens
species

4-2 pH KCl

Fig 42 The differences of pH in bulk and rhizosphere soils of three tree
species use KCl as solvent



4-1

and Whipps, 1990

NO;

Davey, 1971

4-1

1987

4-3

Cushman, 1982 Roviraet al., 1983 Lynch

4-5

4-1

4-4

Rovira and
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1
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94- O rhizosphere
° Ebul k soil
3_
2_
1_
0
Chamaecypari s CfrorpmmosmenrdiasPihayddmisdcachys pubescens
species
4-3
Fig 43 The differences of organic C in rhizosphere and bulk soils of
three tree species.
0. 0
0. %0 '|'
0. 40
° i O rhizosphere
> 0. 30
Bbul k soil
0. 20
0. ¥O
0. 0o ' ' '
Chamaecyparis Croyrpmoosneenrsiias Plhayd d misdcaachys pubescens
speci es
4-4

Fig 44 The differences of total nitrogen contents in rhizosphere and bulk
soils of three tree species.
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ration

C- N

18r

161

14r

12

10t

4-5
Fig 45 The differences of C/N rations in rhizosphere and bulk soils of

4-1

O rhizosphere
Bbul k soil

Chamaecyparis Groypmtosmearsiia R hylolnd ssctaachys pubescens

three tree species.

4-6

species

4-1

4-11

soi l



4-1

Hanet al. 1998

1997 1998 1999

i

O rhizosphere soil
2.0 Bbul k soil

cmol (+)/ kg

1.0

0.5

0.6
Chamaecyparis CfiroyrpmosmeerrsiasPjhaygd d miscaachys pubescens

species

4-6

Fig 4-6 The differences of exchangeable calcium in rhizosphere and bulk
soils of three tree species.
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comle(+)/ kg

0.'s

Chamaecypari sCfgpmosmensa®Phsgpbonbstachys

4-7

species

O rhizosphere
Bbul k soil

pubescens

Fig 4-7 The differences of exchangeable potassium in rhizosphere and
bulk soils of three tree species.

cmol (+)/ kg
N
=)

0.%

HH

HH

—H

Chamaecypari s Groyrproosneenrsiias Hhayplolnoisctaac hys

4-8

species

O rhizosphere

Hbul k soil

pubescens

Fig 4-8 The differences of exchangeable sodium in rhizosphere and bulk
soils of three tree species.
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cmol (+)/ kg

1.1

0.5

0.

O rhizosphere
Bbul k soil

Chamaecyparis GQGroyrpntoosneenrsiias Hhayplolnoisctaachys pubescens

4-9

speci e

Fig 49 The differences of exchangeable magnesium in rhizosphere and
bulk soils of three tree species.

12r
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cmol (+)/ kg
o]

(M

4-10

O rhizosphere
Bbul k soil

Chamaecyparis Qroyrpnioosneenrsiias H hayplolnd sctaachys pubescens

speci e

Fig 4-10 The differences of exchangeable cations in rhizosphere and bulk

soils of three tree species.
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10

O rhizosphere
Bbul k soil

Chamaecyparis Qroyrpnioosneenrsiias H hayplolnd sctaachys pubescens

4-11

speci e

Fig 4-11 The differences of cation-exchange capacity in rhizosphere and

bulk soils of three tree species.

351

3 0f

25

20f

%

15

10

0 1

O rhizosphere
Bbul k soil

Chamaecyparis Groymtosmenrsiias R haylolna xtaachys pubescens

4-12

species

Fig 4-12 The differences of based saturation in rhizosphere and bulk soils

of three tree species.
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4-2

Table 4-2 Metal Cation Bioavallability of soil tested

Metd mgkg?

Sample Al Fe Mn Cu Zn
FRS 875.09+52.20%  46553+75.76° 14.600.75% 5.87+0.91% 5.31+0.152
FBS 566.13+7757° 31906£6013  11.99+053° 418+052° 3.93t049°
JRS 827.78£30.81%  43051+61.29° 14.90+0.42° 5.80+0.65% 5.88+0.21°2
JBS 58233+59.32°  33042+6270  1090+1.14° 3.89+0.66° 3.75:042°
PRS 900.39+115.04% 576.12+95.26° 15.20+0.76° 5.69+0.74% 6.48+0.19%
PBS 675.86:26.74"  350.18+4219°  11.25+095" 4.20+051° 3.79+0.40"

" FRS Chamaecyparis formosensis rhizosphere soil
FBS Chamaecyparisformosensis bulk soil
JRS Cr ypt p ap chiz@sghere soil
JBS Cr ypt pap dilksdgl a
PRS Phyl | ost a chizgsghergsoilb e scens
PBS Phyl | ost achlkyssl pubescens

"The number followed by the same | etter in same speciesis not significantly different p<0.05 as

determined by Duncan’s test.

Method Detected Limited MDL

<0.05mg kg™
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4-13
Foy et al., 1978
pH
4-2
1997
pH
Haynes. 1990 Mugwira et al., 1978
Triticumaestivum [l pH
Al
OH" pH
pH
Zhang 1998
Al H* pH H* - ATPase
H* - PPase
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© 60P
1S Bbul k soil
40P
20p

Chamaecypari sCfpypmosmensa Phgpodowmistcachys pubescens
species

4-13

Fig 4-13 The differences of bioavailavity of aluminum in rhizosphere and
bulk soils of three tree species.

2.
4-2 4-14 pH
Haynes 1990
pH
H + H +
Romheld et al. 1984
Hanetal. 1998 Malus
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pH

Haynes, 1990

Or hi zosphere soil
1S Bbul k soil

Chamaecypari sCrgpmosmens asPhypdmistcachys pubescens
species

4-14

Fig 4-14 The differences of bioavailavity of iron in rhizosphere and bulk
soils of three tree species.
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Mn* Mn?*

Mn?* Mengel and Kirby, 1978
Haynes 1990
pH
Duncan’'s
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1 8r
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E gl Bbul k soil
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2_
0

ChamaecyparisChrgpmosens$iasPhayddmisccaachys pubescens
speci es

4-15

Fig 415 The differences of bioavailavity of manganese in rhizosphere
and bulk soils of three tree species.
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Kdler and Deudl, 1958
complex Graham, 1981
pH Haynes, 1990

Linehan et al. 1985
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Orhizosphere soil
Bbul k soil

o
D

Chamaecyparis Oroyrpnioosneenrsiias Playlolneo ctaachys pubescens
speci es

4-16

Fig 416 The differences of bioavailavity of copper in rhizosphere and
bulk soils of three tree species.

4-2
4-17 Haynes, 1990
Linechanet al. 1985

Triticum spp.

phytosiderophore  siderophore=iron-scavenging protein  Hopkins et
al. 1998

Duncan’'s 4-2



Or hi zosphere soil
Bbul k soil

mg/ kg

Chamaecyparis Cfrorpmhoosmeemrsias Bhayploinoisctaachys pubescens
species

4-17

Fig 4-17 The differences of bioavailavity of zinc rhzosphere and bulk
soils of three tree species.
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4-3 Al

Table

4-3 The distribution of Al-metal species

Al species
Sample stepl’  step2  step3  stepd  step5  step6  step7  step8
FRS 0 3 5 0 49 3 3 37
FBS 0 2 3 0 37 4 3 51
JRS 0 4 5 0 50 3 3 35
JBS 0 2 4 0 46 3 3 42
PRS 0 5 6 0 %! 3 3 29
PBS 0 1 5 0 45 3 3 43

" FRS
FBS
RS
BS
PRS
PBS

" stepl

Chamaecyparis formosensis rhizosphere soil
Chamaecyparis formosensis bulk soil

Cr ypt jpoap ohizasghere soil

Crypt jpoamp tulkasal a

Phyl | ost a criizgsphergostilb e s c en s
Phyl |l ost achblkyssiil pubescens

exchangeable
carbonate-bounate-bound

metd-organic complex-bound

eadly reducible metal oxide-bound

Hydrogen Peroxide extractable organic-bound
amorphous minerd colloid-bound

crystdline Fe oxide-bound

residua

52



Ostepl
Ostep3
Ostepb
Estep?

4-18

Chamaecyparishi ftosmbeerassgaoil

0 %3 % 5%0Q %

379

49 %
3% 3 g
exchangeabl e Ostep2 carbonate-bounate-bound
met al -organic cOmpkeex-Pkasnddy reduci ble metal oxide-b
Hydrogen Peroxi Betepstarmotahbesomgaeriral bocohtdoid-boun
crystalline Fe HBszstéeep8boesddual

Fig 4-18 Distribution of Al-species in Chamaecyparis formosensis
rhizosphere soil

Ostepl
Ostep3
Bstepb
Estep?

4-19

Chamaecyparibul kosmbbkensi s

0 2% 3% %

37%
390 4%
exchangeabl e Ostep2 carbonate-bounate-bound
metal -organic cdOmpleed-kasndy reducible metal oxide-
Hydrogen Peroxi @isteeft amotrtabbesomgariratlt boohtoid-bou
crystalline Fe Oszsitdp8boesddual

Fig 419 Digribution of Al-species in Chamaecyparis formosensis bulk

0ils
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0% 4%
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35%

0,
3 % o 50%
Ostepl exchangeabl e Ostep2 carbonate-bounate-bound
Ostep3 metal -organic cadmsmplkex-keasntly reducible metal oxide-
Bstep5 Hydrogen Peroxi @lstep®tamorphbesomgaerral boohtoid-bou
EMstep7 crystalline Fe Osxstdp8boesddual

4-20

Fig 4-20 Distribution of Al-species in Cryptomeria japonica rhizosphere
soils

Cryptomer ibaljkaponilca

02 4 %o %

46 %
3% 3%
Ostepl exchangeabl e Ostep2 carbonate-bounate-bound
Ostep3 metal -organic cadmsmplkex-keasntly reduci ble metal oxide-
Bstep5 Hydrogen Peroxi @lstep®tamorphbesomgaeriral boohbtoid-bou
Mstep7 crystalline Fe Osxstdp8boesddual

4-21
Fig 4-21 Didtribution of Al-speciesin Cryptomeria japonica bulk soils



Phyl | ost ac hryhsi zpousbpehsecreen ss oi |

0% 5%

6 %0 o

3%
3%

54%

Ostepl exchangeabl e Ostep2 carbonate-bounate-bound
Bstep3 metal -organic ca@mpleex-easntly reducible metal oxide-
Bstep5 Hydrogen Peroxi @listep®t amorphbesomgaerral boohbtoid-bou
EMstep7 crystalline Fe Osxstdp8boesddual

4-22

Fig 4-22 Distribution of Al-species in Phyllostachys pubescens
rhizosphere soils

Phyl | ost ac hbyusl kp ushoeislc e ns

45 %
3% 39
Ostepl exchangeabl e Ostep2 carbonate-bounate-bound
Bstep3 metal -organic ca@mpleex-easntly reduci ble metal oxide-
Bstep5 Hydrogen Peroxi @listep®t amorphbesomgaerral boohbtoid-bou
EMstep7 crystalline Fe Oxstdp8boesddual

4-23

Fig 4-23 Distribution of Al-speciesin Phyllostachys pubescens bulk soils
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4-4

Table 4-4 Al fractionations by multiple-step extraction

Al concentration mgkg™

sample stepf step2 step3 stepd step5 step6 step?7 step8
Chamaecyparis formosensis rhizosphere soil 513+003% 3476+130° 61984225 034+002° 611.89+7.82° 36.68:068* 36.42+4019" 458184585
Chamaecyparis formosensis bulk soil 286+0.75° 1831+007° 37.26:032° 034+002% 44390+7.18° 4651+1.37° 36.01+063% 610.68+1.72°
Cryptomeria japonica rhizosphere soil 511+0.09% 47.46+022° 6118+354% 031+002° 62072524 34.78+117% 3667085 429.61+3.44°
Cryptomeria japonica bulk soil 296+093° 1862+4030° 46224175 038:001° 57495+373° 3839+011° 3658+122% 509.94+632"
Phyllostachys pubescensrhizosphere soil 577+016" 6062363 7807+240° 031+0.01° 680.78+822% 3852+1.27° 36.25+0.98" 359.50+7.88%
Phyllostachys pubescens bulk soil 297+096° 12.26+033 5690+1.08° 034+002° 51996+103° 39.28+201° 36.61+0.38 500.04+5.61°

“stepl  exchangesble

resdua

carbonate-bounate-bound
metd-organic complex-bound
eadly reducible metal oxide-bound
Hydrogen Peroxide extractable organic-bound
amorphous minerd colloid-bound
crystdline Fe oxide-bound

*The same |etter followed by the number is not Sgnificantly different  p<0.05 as determined by Duncan's test.

Method Detected Limited MDL

<0.05mg kg™
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27

4-26

4-27

4-5

32

4-5

27

4-24

4-25

4-5

4-24
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4-

Table

5

4-6 The distribution of Fe-metal species

Fe species

Sample stepl’  step2  step3  stepd  stepS5  Stepb step?  steps
FRS 1 3 35 9 10 6 27 9
FBS 1 2 27 6 11 8 32 13
JRS 1 3 30 8 11 7 30 10
JBS 1 2 20 6 12 8 37 114
PRS 1 3 26 6 13 7 33 11
PBS 1 2 16 8 13 7 38 15

" FRS
FBS
RS
BS
PRS
PBS

" stepl

Chamaecyparis formosensis rhizosphere soil
Chamaecyparis formosensis bulk soil

Cr ypt jpoap ohizasghere soil

Crypt g merdlasdl a

Phyl | ost a criizgsphergostilb e s c en s
Phyl |l ost achblkyssiil pubescens

exchangegble

carbonate-bounate-bound

metd-organic complex-bound

eadly reducible metal oxide-bound

Hydrogen Peroxide extractable organic-bound
amorphous minerd colloid-bound

crystdline Fe oxide-bound

residua

59
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Fig 4-24 Distribution of Fe-species in Chamaecyparis formosensis
rhizosphere soils
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Bstep3 metal -organic ca@mpleex-keasntly reducible metal oxide-
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Fig 425 Distribution of Fe-species in Chamaecyparis formosensis bulk
s0ils



Cryptomerirdhijzomp@rmieaa® soi l

10 % 1 %3 %

7% 11%
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Fig 4-26 Distribution of Fe-species in Cryptomeria japonica rhizosphere
s0ils
Cryptomer ibauljkaponilca
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Fig 4-27 Distribution of Fe-speciesin Cryptomeria japonica bulk soils
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Fig 4-28 Distribution of Fe-species in Phyllostachys pubescens
rhizosphere soils
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Fig 4-29 Distribution of Fe-speciesin Phyllostachys pubescens bulk soils
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Table 4-5 Fe fractionations by multiple-step extraction

Feconcentration mgkg™

sample stepl” step2 step3 step4d step5 step6 step7 step8
Chamaecyparis formosensisrhizospheresoil ~ 7.57+0.60%  3333t2.36% 400.44+1501% 71.83+2.72b° 12926+4.25% 7318+259° 31333+1577% 105.19+14.36%
Chamaecyparis formosensis bulk soil 713+025%  1917+257° 30694+11.71° 104524586% 111.72+9.04° 0028+4.22% 38267+5240% 147.15+21.95°
Cryptomeria japonica rhizosphere soil 765£071%  3133+375% 32667+2097° 64.78+087° 1312244567 7542+471° 32400+21.27% 109.83+14.112
Cryptomeria japonica bulk soil 7.18+020°  1978+2.87° 21611+807° 91.37+300% 11560+869° 91.22+619% 412.33+57.64% 151.65+24.31°
Phyllostachys pubescens rhizosphere soil 1018+029%  3367+318% 27583+26.63% 60.67+322° 137.23+099% 6897+194% 34833+4822° 113.63+15.087
Phyllostachys pubescensbulk soil 748+063°  2017#318" 160.28+11.38° 8297+214% 131.95+143" 6940+213% 390.67+63.38% 155.65+19.87°

“stepl  exchangesble
carbonate-bounate-bound
metd-organic complex-bound
eadly reducible metal oxide-bound

amorphous minerd colloid-bound
crystdline Fe oxide-bound
residua

*The same |etter followed by the number is not Sgnificantly different  p<0.05 as determined by Duncan's test.

Method Detected Limited MDL  <0.05mgkg™

Hydrogen Peroxide extractable organic-bound



hematite, a -Fe,0O; goethite,

a -FeOOH Mohr etal., 1972 Corndl  Schwertmann,
1996
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200-300mg kg™



4-7

4-30

35

pH

Tanakaand Y oshida, 1970

4-8



4-

Table

7

4-7 The distribution of Mn-metal species

Mn species
Sample stepl’  step2  step3  stepd  stepS5  Stepb step?  steps
FRS 5 11 1 0 5 5 4 6 9
FBS 3 11 1 0 6 4 4 71
JRS 5 14 1 0 7 5 5 6 3
JBS 3 13 1 0 6 4 4 69
PRS 5 13 1 0 5 5 4 67
PBS 4 11 1 0 6 5 4 6 9

" FRS
FBS
RS
BS
PRS
PBS

" stepl

Chamaecyparis formosensis rhizosphere soil
Chamaecyparis formosensis bulk soil

Cr ypt jpoap ohizasghere soil

Crypt jpoamp tulkasal a

Phyl | ost a criizgsphergostilb e s c en s
Phyl |l ost achblkyssiil pubescens

exchangegble

carbonate-bounate-bound

metd-organic complex-bound

eadly reducible meta oxide-bound

Hydrogen Peroxide extractable organic-bound
amorphous minerd colloid-bound

crystdline Fe oxide-bound

residua
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Fig 4-30 Distribution of Mn-species in Chamaecyparis formosensis
rhizosphere soils
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Fig 4-31 Distribution of Mn—species in Chamaecyparis formosensis bulk
s0ils
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Fig 4-32 Distribution of Mn—species in Cryptomeria japonica rhizophere
soils
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Fig 4-33 Didtribution of Mn—speciesin Cryptomeria japonica bulk soils
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Fig 4-34 Didribution of Mn-species in Phyllostachys pubescens
rhizoshere soils
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Fig 4-35 Didtribution of Mn—species in Phyllostachys pubescens bulk
soils

70



4-8
Table 4-8 Mn fractionations by multiple-step extraction

Mn concentration mgkg?

sample stepl* step2 step3 stepd step5 step6 step?7 step8
Chamaecyparis formosensis rhizosphere soil 2.80+1.90%* 700+288% 047+0.17% 022+003* 341+018% 248+071%* 257+015% 41.07+4.82°
Chamaecyparis formosensis bulk soil 1.83+1.29%  640+236% 043+0.14% 021+003% 324+041% 298+0.80% 263+0.15% 4207+3.42%
Cryptomeria japonica rhizosphere soil 2.88+193%  7.84+304% 052+018% 023+002% 371x166% 260+0.73% 258+0.13% 39.75+4.282
Cryptomeria japonica bulk soil 186+1.27% 697+223% 047+013% 022¢003% 381+048% 3.10+077% 265+015% 3652+4.11%
Phyllostachys pubescensrhizosphere soil 315+1.71%  834+2.82%  055+0.17% 023+0.03* 295+141% 288+0.74% 260+£0.10% 4097+7.242
Phyllogtachys pubescensbulk soil 2.34+1.39% 6.87+285% 046x017% 022+003% 383+057% 3.23+055% 268+0.15% 41.08+5472

" sepl  exchangedble
step2  carbonate-bounate-bound
step3  metd- organic complex-bound
step4  eadly reducible metd oxide-bound
step5 Hydrogen Peroxide extractable organic-bound
step6  amorphous minerd colloid-bound
step7 cryddline Fe oxide-bound
step8  residud

*The number followed by the same letter is not Sgnificantly different  p<0.05 as determined by Duncan's test.
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Table 4-9 Cu fractionations by multiple-step extraction

Cu species
Sample stepl’  step2  step3  stepd  step5  step6  step7  step8
FRS 2 2 2 34 3 24 0 33
FBS 2 1 1 36 1 25 0 34
JRS 2 2 2 34 3 24 0 33
JBS 2 1 1 36 1 25 0 34
PRS 2 2 2 34 3 24 0 33
PBS 2 1 2 35 1 25 0 34

" FRS Chamaecyparis formosensis rhizogphere soil

FBS Chamaecyparis formosensis bulk soil

JRS Cr ypt ¢ me orimzasihese soil

BS Crypt ¢ ae codlesil

PRS Phyl | ost actrhizopheagsol bescens
PBS Phyl | ost aclulyssl pubescens

stepl exchangedble

step2  carbonate-bounate- bound

step3  metd- organic complex-bound

step4  eadly reducible metd oxide-bound

step5 Hydrogen Peroxide extractable organic-bound
step6  amorphous minerd colloid-bound

step7 cryddline Fe oxide-bound

step8  residud
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Table 4-10 Cu fractionations by multiple-step extraction

Cu concentration mgkg™

sample stepl* step2 step3 stepd step5 step6 step?7 step8
Chamaecyparis formosensis rhizosphere soil 120£005%" 108+0.03% 114+005% 2218+030% 173+003% 1517+095% 0.25+0.10% 20.83+1.72?
Chamaecyparis formosensis bulk soil 1024008  091+015% 098+0.08° 2313+056% 0.75+0.03° 1664+033% 0200117 22.77+0.35%
Cryptomeria japonica rhizosphere soil 120+005% 111+0.03% 1.15+003% 2245+026% 1.82+0.04% 1533+092% 027+0.14% 20.92+1.81°%
Cryptomeria japonica bulk soil 103+008° 095+013% 100+010% 2317+031° 080+004° 16.72+033% 023+0.12% 22.83+0.352
Phyllostachys pubescensrhizosphere soil 1.27#0.12%  111+003* 1.18+0.06% 2255+0.44% 1.87+003* 1554+0.78* 0.30+0.10% 21.22+155%
Phyllostachys pubescensbulk soil 108+008% 098+012%  103+0.08% 2330+025° 090+003° 1690+049% 0.25+0.13% 2308+0.582

" stepl  exchangesble
step2  carbonate-bounate-bound
step3  meta-organic complex-bound
stepd  eadly reducible metal oxide-bound
step5 Hydrogen Peroxide extractable organic-bound
step6  amorphous minerd colloid-bound
step7 crysdline Fe oxide-bound
step8 resdud

*The number followed by the same letter is not Sgnificantly different  p<0.05 as determined by Duncan's test.

Method Detected Limited MDL  <0.05mgkg™
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Fig 437 Distribution of Cu—species in Chamaecyparis formosenss bulk
soils
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Fig 438 Distribution of Cu-species in Cryptomeria japonica rhizoshere
soils
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Fig 4-39 Distribution of Cu—speciesin Cryptomeria japonica bulk soils
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Fig 4-40 Distribution of Cu-species in Phyllostachys pubescens
rhizoshere soils
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Fig 4-41 Distribution of Cu-species in Phyllostachys pubescens bulk
soils
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Table

11

4-11 The distribution of Zn-metal species

Zn species
Sampl e stepl* step2 step3 step4 step5 step6 step7 step8
FRS* 0 0 0 0 8 2 2 88
FBS 0 0 0 0 7 2 2 89
JRS 0 0 0 0 8 3 2 87
JBS 0 0 0 0 8 2 2 8 8
PRS 0 0 0 0 9 3 2 8 6
PBS 0 0 0 0 8 2 2 88
" FRS Chamaecyparis formosensis rhizosphere soil

FBS
JRS
JBS
PRS
PBS

" stepl

Chamaecyparis formosensis bulk soil

Cr ypt jpoap ohizasghere soil

Crypt jpoamp tulkasal a

Phyl | ost a criizgsphergostilb e s c en s
Phyl |l ost achblkyssiil pubescens

exchangegble

carbonate-bounate-bound

metd-organic complex-bound

eadly reducible metal oxide-bound

Hydrogen Peroxide extractable organic-bound
amorphous minerd colloid-bound

crystdline Fe oxide-bound

residua
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Table 4-12 Zn fractionation by multiple-step extraction

Content of Zn  mg/kg

sample stepl* step2 step3 stepd step5 step6 step?7 step8
Chamaecyparis formosensis rhizosphere soil N.D. N.D. N.D. N.D. 545+165%  163+018%  155+013% 57.27+1.84°
Chamaecyparis formosensis bulk soil N.D. N.D. N.D. N.D. 458+1.71% 153+026% 147+013* 56.29+1.96°
Cryptomeria japonica rhizosphere soil N.D. N.D. N.D. N.D. 553+167% 170+0.15%* 158+015% 57.42+1.83%
Cryptomeria japonica bulk soil N.D. N.D. N.D. N.D. 490+1.84% 155+028% 150+0.10% 56.63+2.09%
Phyllostachys pubescensrhizosphere soil N.D. N.D. N.D. N.D. 577+182%  173+015* 160+0.15% 57.69+1.99%
Phyllostachys pubescensbulk soil N.D. N.D. N.D. N.D. 498+1.81% 158+026% 152+0.13% 56.75+2.05°

“stepl  exchangesble
step2  carbonate-bounate-bound
step3  metd- organic complex-bound
step4  eadly reducible metd oxide-bound
step5 Hydrogen Peroxide extractable organic-bound
step6  amorphous minerd colloid-bound
step7 cryddline Fe oxide-bound
step8 residud

*The number followed by the same letter is not Sgnificantly different  p<0.05 as determined by Duncan's test

not detected. M.D.L=0.025mg kg'*
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Fig 4-42 Distribution of Zn—species in Chamaecyparis formosensis
rhizoshere soils
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Fig 443 Didtribution of Zn—species in Chamaecyparis formosenss bulk
s0ils
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Fig 4-44 Distribution of Zn—species in Cryptomeria japonica rhizosphere
s0ils
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Fig 4-45 Distribution of Zn—speciesin Cryptomeria japonica bulk soils
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Fig 4-46 Didribution of Zn—species in Phyllostachys pubescens
rhizosphere soils
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Fig 4-47 Digtribution of Zn—speciesin Phyllostachys pubescens bulk soils
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