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[Abstract] This research was to study the relationship between tree species and nutrient cycle of
Chamaecyparis formosensis, particularly focused on the rhizosphere soils in Chi-Tou, central Taiwan.
The miltiple-step extraction method was employed to differentiate the different soil properties between
bulk and rhizosphere soils. pH of the rhizosphere soils is usually lower and CEC is greater than bulk soils.
On the other hand, the particle of rhizosphere soils were coarser than bulk soils, respectively. Organic
carbon and nitrogen contents of rhizosphere soils were greater than bulk soils. However, the C/N ratio
showed no significant differences between the rhizosphere and bulk soils. The contents of bioavailable
metals in the rhizosphere soils were greater than that of bulk soils. The fractionations of each metal
showed patterns of different distribution. Higher concentration of Organic-bound metals, is found in
rhizosphere soils. and the bulk soils contained more in inorganic-bound metal's than rhizosphere soils.
[Key words] Chamaecyparis formosensis, Chi-Tou, mutiple-step extraction, rhizosphere soil.
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EBEZNAMTERR L , BDOEZTEM
RBIZENMEE - BB ( rhizosphere) |, E
ERAZRMRAFSTRENEYBFZAAER
AUHARAEFEIURBHNAEETLIENS
B, MAFENES RENTRERT LEN
ME, NAEHEUL—ERMBNER , REMK
RETEEESBRWER , FEEERRE

TREL EREET , W AEEME R E
NeBErEFEARBRNER.

HAR L | RE ( rhizosphere ) AJ# EZ E
A EARARNERIZERRIIES RBCH
EMAEEHMOEBRERMIRIE (Lipton et al.,
1987 ; Peterson and Bottger, 1991 ) ., BB +3E
( rhizosphere soil )RIERIMATHEN LIESE
( Sakar et al., 1979 ; Jones and Darrah, 1994 )
YA SERRAFNE D, EEREHR—EHK
MYBRRAMTENTERENER, T
B, TEEHERRSWER ( Rovira and
Davey, 1971 ; Stanton, 1988 ) .

W5 B ER D MR ARE AR A 88
TEEAMEINER  TEASEHFNE
YMAEMHE ( AAAc-method , Lankanen and Ervio,
1971 ) M EHE S B8 75 & 4 MW
( multiple-step  successive  extraction )
( Krishnamurti et al., 1995 ) BRIFEI A ERHES
EEFFERBE T EEAR T ERNER,

I, MRESE

(H#re

®1 BREE GPS BEEIAEMERER

FREANTERD , REEREESS
ZARERMEIEEMRE , A EREZERR
BURIYE (N : 2330, E : 12047 , ¥ : 1150 m)
# 84 F4EAIH ( Chamaecyparis formosensis )
EbH (K1)

1 RE L .

DUNE 7 ESECIRBI T | BUBTATARAR R
BEAZEAD, 2B MBERRLNELRE
BtE K EFRR—BEBRAHOZYS (F,
1997 ; BR , 1998 ; 3R , 1999 ) ,

2. RBE A

ZREBMARBRII0cm L L | BEHT
BRFENIERARTELE, FENREL
REABIBEEREFREFERES , UEKER
3N

E B D B E R AR B 1% DU E RS B
EEEYREZTERT , AERIBE (2mm)
BE  ARTEEERES (2mm) BREBHR
BFR-40CHAREBERRE , SRIMEER
H, SELEREAEERERBETER.

3B ERLEIT=EEHR,

(INFFE

1 tEEANE

(HpH &

EEBM T EER,  UKkLE5:1RE
He%  AEpHE (HBEEZE ).

QR

B 75 RIS EK (35% ) REBHE
%, MRS ERE ( Gee and Bauder,
1986 )

Tablel GPSlocation of sampling sites and fundamental information

Sample Y (m) UiEd ALE A il P
g | 1310 228522 2618474 1,84 5 & - Rk - BTG 8 L
A 2 1315 228530 2618463 i

et 3 1307 228537

2618450
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QREHBE, 2REEN DN
&ML IM CH,COONa( pH 5 ) RE |
AR o MAMAEH |, RBRATEL CN
andyzer BIEEHERE, 2HE, T4AERK
A ( Perkin-Elmer 240C, 2400 EA 11 ) 24 , &
RAE&RRTERE, ENENEEF . AE
B E 7RI BB REE1E % ( flash combustion ).
GEHTFIREE

a RM|MEERGH FSE ( Thomas,
1982 )

b. BB FX|AE ( Caion- Ex-
changeable Capacity ) ( Rhoades,

1982 )
c. BEAIME ( Base Saturation )

R EREE T ( Ca Mg®, K Na')
EECHAHBHTRRABZIE  HES

®2 TENEESHBRESE-E=L
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RMT :

_[K'T+[K*]+[Ca* ] +[Mg*']

BS%= x100
CEC

2 EMEDZHW

OrEHPESEBR IFHNEYERY)
( AAAc-method )
ARHFRERA ( Lankanen and Ervio, 1971 )
ZFEESBOT
a i HU® ( ammonium acetate-acetic
acid-ethylene-diamine-tetraacetic acid )
Ry ELE -
AR 74.4 g B9 Na,EDTA #£ 57.1 mL 100%
CH;COOH ¥ 37.3 mL 25% NH,OH & , 5L H,0
BEZE 1 F , B CH;COOH & NH,OH F%

pH Z 4.56,

Table2 Distribution of metal species operation stepl to step 7

voR ® i W R
(C) (T
Stepl. | & a4 10 mL 5 4
(‘exchangeable) 1M Mg (NO3) , pH7
Step2. Sk ERRE SR 25 mL 25 6
( carbonate-bound ) 1M CH3;COONa (pH5)
Step3.5= & AT ESPI RS Uk f, Yo 30 mL 25 20
( metal-organic complex-bound ) 0.1 M Na,P,0; (pH10)
Stepd == pb RURLE Bfs [~ PrsEad 20 mL 0.1M 25 05
(easily reducible metal oxide-bound) NH,OH « HCI / 0.01 M HNO3 ’
Step5. == & [ & iy IH.'.;V HGZEE T 5 mL 30% H,0, 85 2
( H,0O, extractable organic-bound ) 3mL 0.02 M HNOg
3mL 30% H,0, 85 2
10 mL
2M Mg (NO3) »/20% HNO; 25 0.5
Step6. =% EH) B VU SR 10 mL
(‘amorphous mineral colloid-bound ) 0.2M (NH,) ,C,04 25 4
QESERES S
Step7. =i 14 683 [ P 25mL
(crystalline Fe oxide-bound ) 0.2M (NH,) ,C,04 (pH3) /0.IM 95 0.5

ascorbic acid
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b. 39t ERRERBLESD , WA
30 mL MHEVE , &£ 25°C T #R%E 1 /)
B, 5L Millex 0.45mm BYRAEIBIE |,
BRI ICP-AES , BIEES#. 3. .
HEGHRTRETE,

Q&EBHRRES#

B <2 mmAy 138 1 g &R 50 mL 2 B0
/i, BA Krishnamurti & A fE 1995 F 12 H 5 it
TEERE, SB-EtUOX-FR, 5@
THRER2% , B0 ( 12000xg,10 min ) ,
£ Millex 0.45mm KYIEAEIB & , LA ICP
RAESBEET (2. & & REE )WEE.
BR10mL ZBFAEZR, SMET—S B
ZERE,

BE—ELSBABEZY (resdud ) , &iB
DNESBETHRDEBEELSRPHER, &
BRBE—EOSHBMAZ ks ZE , A
2mL 71% HCIO, , 10 mL 48% HF , BN E R
BB, AIA 1 mL HCIO, & 10 mL HF Bin&ZE
g, BiA 1mLHCIO, , MAZTERE |, &5
BEBRELRMHCISmL#F , BEBE 25mL . K
Millex 0.45 mm KYEREIBIE#E , L ICPAIES
BEEFHRE,

3 ERZERE

FIEEREEBAMNE (Microsoft ) FFHE
B Excel 2000 /T ERIH BBV IRE |
%L SASVS IR#EST Duncan BE 2 4.

®3 TECEFENMME

11, FEREFH

((PE=: #-%:8:3-

1.pH{E

RELTEN pH BEEBRREELE (X
3) MEAMEEZER, ERBRELTEpHE
BRMNREE TR B IIED RSB IBEH
B W, MRIBEHEERN 2 MEURAEY N
BEEES MR ( Marschnar 1 Romheld,
1983 ) o

2. N85

BmAUEELT BRE T ENE KL
AELEE (X 3). EREAAREBARANEGH
EZERE  ARIEEAREERESTAE
B, hEENEBL AR LI ENENEE R
HWEREEBEFTFT—EAULEIH , EX
1RE A it B R RN

IEHME, 2RENIN

ERETRELENEMREEHHARE
TES (% 3). REAHBESNIRIFETEE
RIRIB o — Y B BRI A SEMRRT |, S L
NEEFESLHY. 0. BRYEEEYR
JRE( Cushman, 1982; Roviraet al., 1983; Lynch
and Whipps, 1990 ) .

BAEsEURURBETENSELNRS.,
ARBEIKE/EME NO; (REMES )M

Table3 Fundamental physical and chemical properties of soil

‘ Exchangeable Cation Texture
OCK TN# C-N . BSH
Sample: PH - Tog o6 ratio cmol (+) kg™ % Sand Silt Clay Texture
CEC* Ca Mg Na Sum % % %

FRS" 4.48% 518 0.41% 12.74° 33.50* 3.02% 2.32% 2.33* 1.69% 9.36* 28.05° 66.3 18.1 156 SL®
FBS 4.94° 2.44 0.17° 14.46% 21.57° 1.42° 1.32° 0.76° 1.12° 4.62° 21.46° 609 250 141 SL

” FRS : Chamaecyparis formosensis rhizosphere soil; FBS: Chamaecyparis formosensis bulk soil
f CEC : Cation Exchangeable Capacity; BS: base saturation; SL: sandy loams; OC: Organic-C; TN: Total N
The number followed by the same letter is not significantly different ( p<0.05 ) as determined by Duncan’s

test.



FEMZZETH (Quarterly Journal of Chinese Forestry) 35(3): 255 - 264 ( 2002 )

REERBY , EBWERERE R LAE
TEEE  REZNFBMERS (Roviraand
Davey, 1971 ) ., A LRMEEHBEELEN
BALENETEEZTTA,

4 GEHTRIREE

ERETENG, #, & REFOETR
RMERTORESRABIE (KR 3) &
FEEAERELTENARERERS , BfHt
EZVERGHRTRE. RETEERND D
EREVBEAENE. REPHENNED
LA Tz AR B U W 2k 53 B B 0 R R W Rt T A9 BE
B, BEEETERIHER,

x4 TENESBEVARUERBEES
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(INEBESEMARMREES

1L IECEEBRENEWERE
ARERMKR IR, EPERHEEE
BiR> 8> 8> = 8,
(D$a :
BRETENEYEREENSESFEL
By K MBEEEER (X4).
MiFENESPTERTEN , RILLEY
SRS RER pH EE NN R Zhang E A
(1998 g , E/NEMREETENOE AP
SRERSWH, EFEREHN pH T |, K2

Table4 Metd bioavailability and pattern distribution of soil

Al concentration (mgkg?t)

Stepl® Step2 Step3 Step4 Step5 Step6 Step7 Step8 Bio.
FRS” 5.13% 34.76° 61.98% 0.34* 611.89% 36.68% 36.42% 458.18% 875.09%
FBS 286> 18.31° 37.26° 0.34% 443.90° 46.51° 36.01* 610.68° 566.13°
Fe concentration (mgkg?)
Stepl Step2 Step3 Stepsd Step5 Stepb Step7 Step8 Bio.
FRS 7.57*° 3333 409.44*° 71.83° 129.26° 73.18° 313.33% 10519 465.53°
FBS 713  19.17° 306.94° 10452° 111.72° 90.28%  382.67% 147.15% 319.06"
Mn concentration ( mg kg™)
Stepl Step2 Step3 Step4 Step5 Step6 Step7 Step8 Bio.
FRS 2.80% 7.00% 0.472 0.22% 3.412 2.482 2.57% 41.072 14.60%
FBS 1.832 6.40% 0.432 0.212 3.242 2.982 2.63% 42.072 11.99°
Cu concentration ( mgkg™)
Stepl Step2 Step3 Stepsd Step5 Stepb Step7 Step8 Bio.
FRS 1.20% 1.08% 1.142 22.18% 1.732 15.172 0.25% 20.83% 5.87%
FBS 1.02° 091 098 2313 0.75° 16.64° 020° 2277*  418°
Zn concentration ( mg kg™t)
Stepl Step2 Step3 Step4 Step5 Step6 Step7 Step8 Bio.
FRS N.D. N.D. N.D. N.D. 5.45% 1.632 1.552 57.272 5.312
FBS N.D. N.D. N.D. N.D. 4582 1.532 1.472 56.29° 3.93°
"FRS : Chamaecyparis formosensis rhizosphere soil; FBS: Chamaecyparis formosensis bulk soil

*Stepl : exchangesble, Step2 : carbonate-bounate-bound, Step3 : metal-organic complex-bound,
Step4 : easily reducible metal oxide-bound, Step5 : Hydrogen Peroxide extractable organic-bound,
Step6 : amorphous minera colloid-bound, Step7 : crystalline Fe oxide-bound,

Step8 : residudl,

Bio. : Bioavailability
*The number followed by the same letter in same speciesis not significantly different ( p<0.05 ) as determined

by Duncan’stest.

Method Detected Limited (MDL) : <0.05mg kg™
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= H-ATPase B95E M E 2 H*-PPase 955 .
BN TETAMENESES , ARRE LT
EH pH BEERREARIE K RUEEYENR
MRS

(2 :

ERMREWN pH BELFA  SHNENER
M & TR ( Haynes, 1990 ). EHILEYI S H#EFHE
RE pH EREESNTRE. FIEPERZ
HEERRARETENRICRAR , ERHRP
RETECERENRICRER , BERFHNE
NEBMERARERTIE (K4) .,

34 :

EYERZEINRHREERR S BYES
M"Y EBRER Mn* BEED , B

SRHYEM M HEUREEBERM
( Mengel and Kirby, 1978 ) » Rt , SEHER
MEZETHENTERRE. EAERBHR
ETR, EMEES LA ( Haynes, 1990 ). H
RIRELEHH pH EEEAREZES K
HRETEENEN A RERE AR E IR
(F4).

(4) 88 :

RERE T E 2 EMERERERAREE
TE (K 4). ATHRREFBINZRE
TED | HERTFEBERIN  UERES
NWEERS. ALHERERESEHRESY
BHIEAREAEDINEXBEPUESHE
( complex ) #8) ( Graham, 1981 ) . Linehan et
al. (1985 ) IR EIE L HE K FBRBAREH
BRETESEREHE,

(5) 8 :

RE TR FNEYE RS BRRE KRAE
BIIE (F4). KZE (Triticumspp. ) EHFHH
RERERSEREERBRSWERESBEY
£ & B ( phytosiderophore ) ( siderophore=iron-
scavenging protein ) ( Hopkinsetal. 1998 ) , 3k
W EE 7 A iRE P FE# 7 RS RSEN,

2. & BRIRES A

(DA

o REREREHRESYEEE
REBYNYRIED (R 4). EARBEMEESE
BT, ERRESREE HeBNERYTER

MESYRE. RBS(ETHE cEHYE
FELERIRRETRARAELE MA

AT ESNEREHEERTESE , AkE
ERS. MEAASYTINEREREERRE
Y, UELAMREIIBZYE , AR
ETEPCBE & REHHI Wang et al., 1989,
1993) .

HENESERSBEILNRE. BFES
HEFIHBEREZYNINS 2B LEN
EARRBRELTE, CARRCEREBYT ,
ERERZERERAY (Brosset et al., 1954 ),
RTHEHEEFEEBRBEND, A8 TiEE

4) ]
%

EARRPENRE) HBE S ERT
DEFE (XK 4)  BRTIBUESER TN
RnMESRENEMBEREMENLERD 2
S, B0 BER —ENLH, HhURE
BREEMERHES MRS AN S S8
SMBELN LIRS,

©F-

BRIFPHETERUA—EEN—LES
LY EFEE. TEP_EENHEFURRLES
LERRIE , MEXEEEBENE FHNIE
WAEMERERE EERETIELTIE pH E.
FRESE HEYEMERNTEKDH Tanaka
and Yoshida, 1970 )

EAHRHRETRNES UREYHE
REERIESR(XR4) , HRERRERE
“ERENBEZEA - EURRESEER
F. EnREREE. REBNARUTKN
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BENBRE. RESLETTHHCARYERE
URRAZERNEBRICNRESTERS
ERETEARAFELR, BRERST IR
RELERABTRAAARES HERETE
£,

(4)$H

HRENMENHMETEZ— , TEPE
TZRU—BNEERFE , BERABSFE
REEBEREBEBYZE. REEYEBASER
BEaW  EPMIERER , EEHE, iF
HEEMYTERAESHEUBREEERM (&,
1986) » TEBRBFENESERD , HEEE
1x10%~ 60% 108 M, 4\, At iZEREH
{LEMR , FARREEGR FRMA T ERBE
E,

HNRESHRENEESRRSBENLY
B HETFREBRBFEEBY =4 &
4), IRBMEER T, ERBERERE M
TENERYTEANESNER. EBELE
A2 ERYBESNES S 2RE TIEX
RABLE (X410) , AEEREEER
BERENFEESAHY , REERREES
EERAEM, Hodgson et al. ( 1966 ) B&=+
ERBRTHNERTE BwEREMYERS
Rt LMW ETREGRH T (0 Mn* |
n* \ERENEEEEME L AREHY
BEERBLIENRER  BHRTHAELIESH
EME R TRE.

5 &

rHRET , FEAENSETS , X
BORUABREYFE. EAXBMESER#T.
HERRESELE HeBNEMYTERNES
MBEUARESERSBECYEESMES
PHEEHIFENER , ERRSFEUER (X
4), EEIBELE A E 2 BRYRENTSD
EERZWEE (X 4) , ERTEELEF
NERYRENBI > ELEMEEE., RIE
Hodgson et al. ( 1966 ) WIFRBERER , 1%
P AR R O ERATAEERILEY

T, ARBELETERBNESELEES M
SRR  ERENEE A 3R
&, B REINFEZFEE,

V. &R

(1) BELTZEN pH EEEAFRLIE ; BE
THLEGRE T XREEBLABLRENE
BHFS  ARRESZEURE RN
MEBES  BRRALREER ; At
BERABTIENEFBEVEEREEER
9,

() EEBRTFNENERMESE , 2R
($a, #. 0, E8REF) K ETREIED
EERZ  BETRERZEINMiETH , R
BT | URMES < BTREHMAET
A

(I EEBRRFESMAE , SRMERE
HAMRNBERBLHEZR  ERRAL
ERREEKIERERE  MELE
B, EREBRTES HBBREM.

(V) SEENEMBEED MRS EEH
F. BRRERREE. RSBNARYEY
BHNESYRENEBENETHECE
wyRESHERES A AE , RELR
MEIARFEBLER  EREEFEEE
fLes. REERREBRERE. HE
REESLCYRBRENZENSFNERES
EE, RAFETENEHAREEL
2 OETHBE I EREAE I ETSEE
FREDRELHTRE.

(V) TiE, EERFERE RPN EHREEI
SHEREARARLENES  BERST
ALY BEEZER  ERARU=BEE
TEBEMBPNEERDIH,

V. 5|3 E

RAHE (11999 ) BNt [E A E = FEXNE Mt
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