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The Effect of Applying Lime and Compost on Copper and Zinc Interaction of Rice
and Bok Coy

Chia-Chen Hsu

Abstract

Chemical stabilization have been used to remediate copper (Cu) and zinc (Zn)
contaminated soil for the purpose of reducing the Cu and Zn concentration of crops.
However, previous studies emphasized on finding efficient amendments to reduce Cu
and Zn concentration of crops, few of them investigated Cu-Zn interaction of crops and
soil after applying lime or compost. The objective of this research aims to understand
the Cu-Zn interaction of crops and soil after applying lime or compost, as well as
predicting Cu and Zn concentration of crops by using three extractants. Rice (Oryza
sativa L. Tainan 11) and Bok Coy (Brassica chinensis L. cv. Ching-Geeng) were chosen.
Three spiked Cu concentration are 0 mg/kg, 75 mg/kg, and 150 mg/kg; three spiked Zn
concentration are 0 mg/kg, 200 mg/kg, and 400 mg/kg; three amendments are no
amendment (NA), lime, and compost. Chemical fertilizer was applied to every treatment,
and conducted in four replicates.

Results indicated that in NA and lime treatment, grain yield was not affected by
Cu-Zn interaction. While under compost treatment, grain yield was significantly
affected by Cu-Zn interaction, and grain yield was reduced markedly when soil was
mixed with the combination of Cu and Zn.

The effect of Cu-Zn interaction on Cu and Zn concentration in different parts of
rice are as follows: brown rice > shoot = root. Whether amendments were applied or
not, adding Zn 400 mg/kg to soil spiked with Cu 75 or 150 mg/kg may stimulate brown

rice to uptake Cu. Application of Cu 75 or 150 mg/kg to soil spiked with Zn 200 or 400
\'%



mg/kg doesn’t stimulate brown rice to uptake Zn. Therefore, the effect of Zn addition on
brown rice to uptake Cu is stronger than Cu addition on brown rice to uptake Zn.

In NA treatment, the weight of Bok Coy was affected by Cu-Zn interaction, and its
weight was decreased after using combined Cu and Zn treatment. After applying lime or
compost, Zn addition or Cu addition had no effect on Bok Coy’s weight. In NA
treatment, adding Zn 200 mg/kg or 400 mg/kg to soil spiked with Cu 75 mg/kg or 150
mg/kg inhibited Bok Coy to uptake Cu, while the situation didn’t occur after applying
lime or compost. With or without applying lime or compost, adding Cu 75 mg/kg or 150
mg/kg to soil spiked with Zn 0 mg/kg, Zn 200 mg/kg or Zn 400 mg/kg didn’t stimulate
Bok Coy to uptake Zn. To sum up, Zn addition can inhibit Bok Coy to uptake Cu; Cu
addition can’t affect Bok Coy to uptake Zn.

In general, whether amendments were applied or not, 0.05 M EDTA and 0.005 M
DTPA extractable Zn concentration wasn’t stimulated or inhibited by Cu addition, and
vice versa. In NA treatment, Zn addition stimulates 0.01 M CaCl, extractable Cu
concentration, and vice versa. After applying lime and compost, Zn addition or Cu
addition doesn’t stimulate 0.01 M CaCl, extractable Cu and Zn concentration.

Whether amendments were applied or not, 0.05 M EDTA, 0.005 M DTPA and 0.01
M CaCl,; extractable Cu concentration can be used to predict Cu concentration of brown
rice and Bok Coy. In NA treatment, 0.05 M EDTA, 0.005 M DTPA and 0.01 M CaCl,
extractable Zn concentration can be used to predict Zn concentration of Brown rice.
Whether amendments were applied or not, 0.05 M EDTA, 0.005 M DTPA and 0.01 M

CaCl, extractable Zn concentration can be used to predict Zn concentration of Bok Coy.

Key words : copper, zinc, interaction, rice, Bok Coy, extractable copper and zinc,

chemical stabilization
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TEELR S EAE BN 2001 FRNE AR IIER B EIEE X ERSE
FARE - B LIEAF SR BERIRE A B 120 £ 260 mgke » B HIARE S B A
200 #2 600 mg/kg ; —Ax LIEsAFosE el BERMZ E 5 %] A 220 #1000 mg/kg %]
AR 5% % 400 32 2000 mg/kg

BEEBMAE 99 FEEGR RELB TR IBOIEFGUEUABILHKE
% FEGHERASRTEG R ) TRy 718G A 21 R 0 L3ERA
ST LR T SR MRBRIT Y ARITEMARS UK 88 B AL
12-—RUHEAE > BHRITRMER ~ P8 E % 5 IR F BT Fipu it
6 k> mMEAH 449 NE BRITEMEBEIZAM KB 8BRS &
Bl SURR 3 A Rl BB T RMA RSN T L FNH > FRARRAGFHHE L8
FEeA ERARSER 50 - 100 F > EIE FEAGRE A NH 100 - 1500 mg/kg A
220 mg/kg (Besnard et al., 1999; Deluisa et al., 1996) - Zhang et al. (2012) = &1 +
RY B BRERERERNTEENL > BRAFTEANS T TEFHVRARE
KELIELRPNER 8 FRAREAREN TR > LSS TREBERESMEMEM
Yo PEELTENMEREGTREVRREM  REALME At 13E B W
B BMMRHAIEFTELBNBE -  RENOTHREEALBETRTERRE
BB > LIE P EY4RE S 7 5 iE 4500 mg/kg (Barcan and Kovnatsky, 1998) e

B BT BREBASETROKRAE E RS  BEA T TLEEES

BB AR REE » TGN B m8 T L3 2 Fsig -
B~ BGmEETREEZ F

BEEELT RS BURAMPKREAFX T BRFELGENEZETY
Tk o BIGEAFEET L LB F R RRET ALY - HBEILEFT X AT
BRI RAL AR BRI EIE ik o
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HMAZRBROBETHRBAINELSE RELBTELBAXMER > BATA
WA A FEEE) A @45 EDTA ~ HEDTA ~ EDDS ~ EDGA ~ EDDHA ~ DTPA -~ #&
15 B B JR AE B % (Johnson and Singhal, 2010) - Chen et al. (2006) #4847 & #5240

(Elsholtzia splendens ) B JE47 R4+ (Trifolium repens ) 4R F 4 & o & RER
BELE S BEREBRAE BRI > Elsholtzia splendens ¥ 47898 & » % 5
Trifolium repens & 2.6 ~ 1.9 #1 2.9 4% -

S F: XS

MBIEEH L O IR - LB L AR FRE - B NELH
FEERR I ERARASRTROREETRNER L E LB PEAMBGREMR
BRETHEINRE > BREVRUSEAFEOR G - L HBENEI AR A&
b7y ke irEs (1) R @R LR FoAf sk 28 - LR V1A K E4AF0 4k

(2) LEEMyBBRY > R LERERRANMAED R (3) REAN
TFARALZ Y £3E o

ERPFEELE RABRTREBLE TENE X B BARELFLEENTE
W& b oo BEARML AT ARATRE T RRAR B ERARS ° &k 0 X
EEFRERR  WHHFHRELLMERAERIE S HARFNA L3RR T
ROANRE GG > BATR T o8k (3RRIE) o ik o) LIBR T RET 5 A&k
BFEHR » BPRB AR 5 R SAF0 & > A8 RIFE R §) RIFERAFa 4 o B bk > BIG4R 4T
TR MR AR o RUAMKER (B RRIER ~ BABRFBEEE) F
BRI S AFo s Z Bk » XA BRI SAF s 25 Bk (LRI ) - sy ik ey
B AHEGHRE  ERAGKRERTARTLER R —RITE > BAKBLER
WA LS Tk
NI 3P

b2 256 & ik 045 T 8 h % ik (electrokinetics ) &1t Bl & /% ( chemical
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stabilization) © B /1 7k FRALRSET R E PR —0EHE > TRAER - £
THOERAT > TEMETEABREESE (FlwA s Bkt EHaER
BAE ) LEABRETHRE 2B BBR TR EOBET > BTEIREGHR - Wk
TRAPRWRIE » BT RG0FEMEERERZ 2 E LR ABRMRLER

%

P
o*
N>

LR ©

/

iy

b
>‘:~

R 416
TS AMEEHTEREHNE L b ERAMK S R - BBEAE - H3EK

3
=

Tk MARAMERAGESLE T R - MBE LA ARG IE L

BBARBBIEN - A EE RFHREANARBELETY ELBHURE
EARM S HUBER > BALE T ELB A KM RE M RIEMR
M E 4B e# e (Chenetal,2000) > KRB TE»HBEKRBSLAHMEIRE > &
B REQIELR ~ HERE -~ Rt h o > AREAREBIRATRE - AHRE
M (i) XREMAREHE -  LEABERARBHAZHFRETANELES
J§ 5T # + 3E (Bhattacharyya et al., 2006; Cao et al., 2009; Chen et al., 2000; Lee et al.,
2009; Wang et al., 2009) «
ARBGERRSIUEHRSIE pH - BAZ LK BEMTRENBERES
BEARMEFHASL T - BHEAERSLE pH AARBOER L - S HIG8ET
48 (hobh -4~ ARE) YEMEMRYE pH A3 TH > —2E428 0%
METHE HRFHRKLELE - FLURBFReAMRSHLE pH EAHB KR
B2 &KR (CaCO;) #5 COs> &4 H' Fimbm H0 82 CO, > B Ca®' ¢ %
MR e H @ AP - EREEERERELR A A RMATAHZ R RAE
BRRZ  ARBRMELBL  E2RBOBHHER  EHRKELE K TR
WY BAMELBAEARMITAHAZIURBAAKRE  REAJLEAOHRALE S
EARER Byl A dye > BB AR R T L3 P oy F 4B R I #2445 (Alloway,
1995; Lee et al., 2004) - gb4h - 3ERe LA ar ALl fE - L7738 38 pH & > FBAK

TRTELBOA MM AN LERR » KAFARRER BRI A KT 63k

O



1E By AR B 2 2 ROB ©

HARCAH PRI B IER B RAHE R IE8AE 4 T aafo s ey iRE » 2D AR
KA RSB EZE GV E M TR BLER > EMPBEEMERK
KL - fERE P aAfSE B BAE R AR TR > AT FWE B AT Cho a5
BE 7 1 3R b 4R4RAR I AE A BATIRGT -

FwE ~ sAfuskehia ZAE A
—

e B8 P oRfo st ey B EAE A T RE A FEIER R EIER - BHRAER AL A —
AEFER KA —TEHRK - AR > MEFERAER —LEFAR
T H — LR GBI o B U A 69 Uk 0 Chaudhry et al. (1973) #F %0 8 — &,
RE A B BR AR LA B AR Rt e e 45 H R £ 0 R RBT A s R @R Y KA
o b I P ARG A E 0 SRR B 4 64 mg/pot B 0 sKAG M b 3R P 4R E B AR E K
FEERZIH 2 1976 F > AT AKIRE o) 4 RT3 m Rk b 4R 69 IR &4 41
/N4 g 4% (Brar and Sekhon, 1976) - 2001 # Kabata - Pendias ¥ Pendias #; %% AT
ASRK > d6 HsRAo s ey ia AR R B UAER > BeRfodragta ZAF A 7T fE ALt
B~ e B BE R @ R AR IR M T - Kim #» McBride % 2009 4 B ff& t3g (5
AN ERIEL) BITE— RS HmiAsreh | R > EARAEHASEK
ARARIEEARIVRMBORE  RERBANAXBETERIRE > T
HE Ay SR 8% o B R PR ER o sbh o Afe s A E R HAE B TR ERY
B dRfe et ia A R G FEASAERE FEEOY IR ©

AR F R ek 35 AR e bt e A8 T AR R A B E A - Wallace et al. (1977)
AR E R I - BB RRY  BERANHRENHERET » XIRTH
bR RN 4R 0438 Ao 3 hu o 1989 4 » Sarkunan et al. FH R LA A =R EE

ELE > » R A4 (50100 #2 200 mg/kg )~ 4% (200 ~ 400 2 800 mg/kg )
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#1458 (2550 #1100 mg/kg ) H & R T KRR EFHImés 42 i FOk 9145 2 Bk
4R A hudR b R Bk LS AR B4R o Luo Fv Rimmer (1995) ®9A K8 ° K
Sk RNBRSN bR An b 0 3R 0 Fdvd G0 KA RYCEE > B RIER L L
P 0.01 M CaCly T HESAAfreyB LR D4 ©

TR A £ 45 4R Ao 48 60 1y B 48 P S35 B0 A B SN B P (Wi et all,
2004) > HEAFEF G wEF TAE - FARIFPHEGRE > KMAFLEN > &
R TIRER FPERE - B n A @3 R ey B M SATFAR g IEKeEe &
# o 4R4E @ A 69 4 B 5 & & (Metallothioneins ) B 44 4 % 4% (phytochelatins )
(Grill et al., 1985) »A —SH 42 hst4 > XAMBNEA B SEE T Rike
BAX 48 (Weast, 1977) »
I 3 1

B FEAEOREFRRHGELE 7 RER > RBRRE IR PR
8 ZAR R T HE B FI VR R > TR BP 4R AR AR G AR B AR e > R A L SIS
Sarkunan et al. (1989) & R 3R sk R EARK 800 mg/kg F > HAsAvsR €3 jo
DTPA = H#EE 6y IR » 12 R RN hudtiR & 57 800 mg/kg BF > A Audhl @3 o %
f& DTPATT B EE 69 IR o Z7 L3877 BRI o 0 A Ao sk o] At & 38 o R IEIK
DTPA T 3 E4ARE © 1995 F > AT AF 45 H A méA €3 0.01 M CaCl, 7T %
BUAEE B WA hu g B FT K 338 Av 0.01 M CaCl, =] 3 B4R 7 & (Luo and Rimmer,
1995) - Luo et al. (2001):% X Bk 8 — & R4 A AodA 100 mg/kg #14% 150 mg/kg £ +
o BHER v HAHBRIET AN BRBAAEATAEER v WG H
AodE G AT R IR R P AR 0 s @R i 3R R F 4R o KimfvMcBride (2009) 4,
EHARERDEE LRIy ERE L FiosA & Kigiei 0.01 M CaCl, T HEER4ER
B sl ieiE 0.01 M CaCly ST HESREE > #RITRERA (1) A&

W8E 0 AR RANRIFA LIREAR (2) ASRAHFOHEAT @ HFRMEAL R
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ReANBHE (3) 2B REHZHY > HFLB SRR HRIFN -

BEARVE B I IR P ARt AR AR R CAR RS R 0 {24RAn bt AE AR R
MAREA o s RO RERFABRFRG E VM AA TR > bt
HMAFRAREEHEABRFRAGELERAREED TRAPESRARDRE >
11 8 45 e — 345 -

ARG ~ KA

KGRERLEESHRRENZ— 2 —FADUBEAER > £
i~ BN E IR~ A EMBRIEN I HE 0 2010 FAKFGLE EERNH B
MEKR OMEFEAM o KIGRIE D RENBMNE > A PBRARHE ARG EER
% (Faostat, 2012) - i A AKFG A M A EZ R AW > BT FRAAE K A KoY
FETE R RARDFREARRBRE ARG ER -

AT AFR 58 45 B SRR 1F 4 # 4R 6 v B 2 B & F 48 & B (Kabata-Pendias and
Pendias, 2000) - % £38 ¥ 47:R & &% 320 mg/kg b5 > 45k @k AE 30% - 2 LB P
SRR &% 600 mg/kg BE o A5 KRl €A 50 % o £ RAELRE T o kK PR
B % g 17 mg/kg (Liuetal., 1998 ) Z3 45430 5 AT AFF X35 th L3B4FE B 3%
500 mg/kg BF > AGK @k E 30 % 0 kK P AR AN 50-80 mg/kg o LIELIRE
# 800 mg/kg B 0 AR @A 50 % 0 K 4RI BN 30 mykg o B E B KA
S4rEER MR e R (Liuetal, 1998) - Hseu et al. (2010) 3F & 2% ¢ 2f 19
SR TRz ARMGE » LEARGFPRERE EREBETLETEEHGF

4
IR EANH 122 - 145 mg/kg o #& K P 4R 8GE E F RN 12.5 mg/kg 5 X3EF A4

Ri3

83 AR 295 - 367 mglkg o AER P AERy B E A 13.4 - 48.0 mg/kg o A

ERN

=,

ZHEHRERHEAREELERNSW AL PIRSESEXREAZE » Rt RarL as

T T4afost B B AP E (acceptable daily intake) (& 1) -

12



) 1> FARAMETHASED ZFHRE
Table 1. Acceptable daily intake of Cu and Zn in different weight

BE (kg) 48 5
30 1.5-15mg 9.0-30.0 mg
40 2.0-20mg 12 - 40 mg
50 2.5-25mg 15 -50 mg
60 3-30mg 18 - 60 mg
70 3.5-35mg 21 -70 mg
80 4.0 - 40 mg 24 - 80 mg
90 4.5-45mg 27 -90 mg
100 5-50mg 30 - 100 mg

S4AEBRHE : H lkg A 005-0.5mg
BEaaRdE & lkgh 03-1.0mg
(WHO, 2012)
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BoNf - B-ERUK

IRTELBARRLETEAZARE (1) KEKE (wE3EER) (2) X
HHE (3) HAHE (4) AILmss LM S HE (5) B AR & 5 K (Ure, 1995) «

BEF—RE_RARAEMTHRAGN S AMBAAANLETELE 22
RFELBTEBLAFNL > RAXLBEFELRE 2 SHEA I AMILE  TRGHHA
B EEF R B REBRHESCE > ALY AR LBRYE S ERARELER
Al RbfE A ERBILEE B FEEBARNEL BB > LRERBE £
BYELBATRRG SN« ARALMAE > 2HBRANKFTEESN T KA L
BYELBOAMNE > BT ELRBAHE T ELBRE

BATT ARG LR EL B AN AA E—EBE ~ FPHERGE - B
# R 8 Bty (diffusive gradients in thin films) - 8 — % BUE A AR E - HaiFx
B2 R FRANTIEELR A B B — HEGEE R o X3 B| 6035 EDTA -
DTPA - CaCl, ~ NH,OAc &5 T4 484 % o

Hooda et al. (1997) & A wA& R Z BB AR~ R ERCBE T LB
B > %3, 0.05 M EDTA ~ 0.005 M DTPA ~ | MNH,NO; # 0.05M CaCl, X 5% k£
HASTARIALAE 4R ~ 4~ 4R - BN OYIRE 0 H o X4 0.05 M EDTA FARIZ R &
f£-Gupta $2 Sinha (2006) #9#F 4L E4kdE & 0.05 M EDTA =] 28] % fin F 4% ~ 4%~
SRR E o B4 AT AXERIE i DTPA ST ZEERAEHL N4 b 4% 64 08 2 48 B M &
& 0 N AP 4R 64 IR L R B ST 2 B4R f& 48 B M (Gatti et al., 1991) -

B AR AT AR R B8 0.05 M EDTA #2 0.005 M DTPA FaR|Eat ¥ &4 B L%
% B4k > #R@ Soriano-Disla et al. (2010) 4p#5 % EDTA - DPTA $1 HCI g4 g%
a9 48 B MR 4E > 0.01 M CaCly ~ 0.1 MNaNO; & 1.0 M NH,OACT i Fi 7316 & 4
B 69 £ 4 # Btk - Zhang et al. (2010) Fl#kay X35 ob3m 2 > EH1ERA 6 AR R %
Bt (Mehlich-3 ~ Mehlich-1 ~ EDTA ~ DTPA ~ NH;OAc$2 CaCl,) #Hk®E +3E

TR LS R SRS 6 HERBIERNELE S EARE - AR TELRE
14



WEE S ZBMFEAAM 0 AP X% NH4OAc #2 CaCly #948 Mt & 1k o sb4h
McBride et al. (2009) # % 8-~ 0.0l M CaCl, # Mehlich-3 ~ DTPA ~ Morgan
modified Morgan =] % 5% 7 8 44 #2 % WA Au 4 64 %> B 0.01 M CaCl, T R B A
ER LR LT

A LR SR AR EHE L =M ERA> 4% 4 EDTA-DTPA 2
CaCly » BA3FA5 £ 3E 4o 64 0 4 5 bE R R 8RR £ 3E 4 stk dafv b e da ZAE A

3t LA R A M SR Ao S 0 TR TRRIAE S b SR A0 SR YRR -
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B=F M EKE
F— > REx L
AR E ) LB HLE (278166 mE, 2761344 mN ) » #ERgE#E + £ > 20

cm B E3E B IEN LR AR ZBEIG > BFLERESNY  UIFEITHE S
Bk o BRI EIE 0 i@ 2mm &4 0 BT LIEMIERICLERMLE -

B8~ Rk LR R E oM
— 23 ASAE £¥% (Gardner, 1986)

FRLIFOSEMER W, > oAy 13- 12 ey 13 EE 4 Wy
AR LIEENRE 105 + 5C e (& 24 ped) > B4 BN
VIRBPANETR BHRATEEHS Wi KBTI AKX FETRIFLIELK

neE (On)e
WZ_W

om=—2 2
=W, —w,

x 100

— -pH {4 : /&R &% (Thomas, 1996)

g EIEEEBETFRUKEL 111 AoREGHRHE - HFE— g (MREHF=

x) B ERE (pH meter : PHB-9901 ) ] o
=~ 23BEH %% (Gee and Bauder, 1986)

B 10g a9 23 B 500 mL BeAr 7 0 w2 EKAE L3RR 0 Ao 10

mL 30% # 87K w#E 90C > HEBRRELA > BhAZEaK RELTHEL
ERARMGCAHL  ZBIFEWBMUAER S BRGERAK - B DCB kLR LR T
W B  BE RO ERARY ~ KBS EIE ENEHR T EwKE 6
-7 5% 0 BAen 10mL 5% @95 mahEidn - A E S REH 10 o4 L3ER

4k 300 mesh &5 48 0 KB 3B 65 48 09 2D ROBE B0 30 AP F 0 38 38 A5 48 69 3R Fu Bk R
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LEBEFAREN 1L 2> £EF 1 L4k Stokes’ Law EH %% E F > 2 um
Ty 23Rt E 10em B > 24 25 mL REEREKR 10cm Reyt
BIER O BB EIRSE > REGFELRDR - R ARG EEZE S -
I~ 132 H e 4 F - Walkley-Black & X, /b4 (Nelson and Sommers, 1996)

FER 05 g Mt B 500 mL 4T > XBREEREK 10 mL I N #
KoCroO7 lu NE - 42 4 BB o NRFEE > BEOEHE 30 24 (AMEER
B )o30 5481% > huN 200 mL E@EFKA 85 % 9Bk - FRbAriz 0 hon 30
S4B 0 A 0.5 N BhEE BAEARE T ELE c HEAYILAESE—
BEC-HNEE4E (HTHE)-

0C%=10mL x [1 - (3)] x LONx == x (=) x 20

St EEHALHTHEMSE (mL)
B: Zatdidcas (mL)
W: E3EHELE (g)

1/0.77 + ARBF A w e R oy i B/ F
2~ AREERE  SMP Fk(Shoemaker et al. 1961)

SMP 4 #7758k B # © #EBX p-nitrophenol 1.8 g ~ Triethanolamine 2.5 g ~ K,CrO4

3.0 g ~ CaCl,2H,0 53.1g$2 Ca(CO,CH3), H 02 g E#WHEAR > 3HE7 950 mL&
BEFARF R - BBBRAEE pHT.S i mE8ETRKREZEE 1000 mL -
% 10g L3 10mL &yE8F K& 20 mL SMP 4 #57% #8339 5%
HEH 20 o4 AAEEEAE (pH meter : PHB-9901) AT pH &  AR3E T & A

EaRwBE (5 L3E pH EAHEEZE 68)-

Soil - buffer pH 67 66 65 64 63 62 6.1 6.0

Pure CaCOj; ton/acre 1.4 1.9 2.5 3.1 3.7 4.2 4.8 5.4
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N LR EEME L EARHIE (TTBIREMAEF » 2003)

WA lg REENERT RV R8T AREE (4 1-2mL) &A1
mL BEER OmL 54 394 5 EREEpME O5°C @A 10-15 44z -
HFHALEE > BN SmL EK @R 30 4 EHLTER AEAMEM R
REBEREZFKR - ERBBOHERAT > HHE R ERRALAKE (K SmL) -
FAEER  AEEHTFAREEREN SOmML TEH > LT EEZZLE - B
Whatman No. 42 JE 4B - &R R FR&IEEH& (Hitachi 180-30 A1) Al
B4 E -
F= s KA RN E ¢
—EBRE (YELBERHEE - 2006)

FEER 10g MANERT oA SO0mL F8FA BB 9%BE 60 4
s (FHEHMHEH 2-3 R) - H 2% Whatman No. 1 JE4EIE » JERAER T E
B
Fof - aRRE

AREn s 27 HARE > BRIEEIT 4 T4 AL 108 2 - ARBRERHE
4o F
— B-RRSFmEASRE

AREIER AR 23 B 0758 150 mgke  ZABSEEE S A O
200 #1 400 mg/kge B —FHAwRRE R E LE > RbEFNERRERE SR
BB RREOREAMARERZ (£ Ix22) B5—MBAREBZEEEK
# 20 N Hy R gL LR -

R EIESH D A > FbidskBeE e BARR Bk LIER A B4R F0

B BT mEFR SRR L (20 NFeyLiE) lw A f4téa (CuCl, « 2H,0)
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0g (FmsMEE Omgkg)~3.13 g (AsERE 75 mgkg) 1 715 g (s Avbai
B 150 mg/kg ) f4b 4% (ZnCly) 0 g (AimsEiBE Omgkg) 7 g (AhsEBE 200
mg/kg) # 15.3 g (AhedEiR B 400 mg/kg) o A & 2 4Afa g > B A7 100mL &)
XEETFRETY > BHAWBEHREN 6L REF > HMOBRBENLELRE > ALERE
B R IIBEITAM—EANMET  MFRARY > AwEBETRKEE K
PR a L 5 LRI EAMEKE B LELIRG - RE L EF -
REBEZTHLEBRT AL KL E)RZAVGEEB T (HE 16 »
S @A 19 Ay mRAETYZ—AWR) BRAXRBEEBEP -
— -~ %A &ER#H (NA -~ Compost ~ Lime)

NA : k6 A 2 k&l

Compost : RAARERBEL | 3R L3 - A &4 60 ton/ha » 423X
EREMALTrZ—nw o HEFoE -2 RERERAEAH 120g -

Lime : #4+3 > pH {AHXZE 7-d SMP oo hktBEEL 1.96
ton/acre » HEFwE— S BRREBSEAES 9.69¢g -

27 HREBETE

NA

Lime

Compost

+ Cu0+27Zn0

+ Cu753+7n0

¢+ Culd0+7Zno0

*+ Cul0+Zn 200

* Cu0+ Zn 400

+ Cu75+7Zn200
+ Cu75+7Zn 400
« Culd0+ Zn200
« Culd0+ Zn 400

+ Cu0+27Zn0

+ Cu753+7n0

¢+ Culd0+7Zno0

*+ Cul0+Zn 200

* Cu0+ Zn 400

+ Cu75+7Zn200
+ Cu75+7Zn 400
« Culd0+ Zn200
« Culd0+ Zn 400

Cu0+7Zno0
Cu75+7n0
Culs0+Z7Zn0
Cu0+Zn200
Cu0+ Zn 400
Cu75+7n200
Cu75+7Zn 400
Culs50+ Zn200
Cul50+ Zn 400

D SRERIR 09 B 4w A mg/kg
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FRMH - ZFAR

AARIEANEERPEALAMET > KEB/RERA 3025C FlE %
B/RE®Y 2520C -
— KA

A RATEEN A LEAEH 11 38 (Orvzasativa L., Tainan. 11 ) £& 11
KBTS HABAEEBEOMREOARGLE  BEOREE S AR
B ERABREM - HEZAHEK - BRAEREES @ LB AR KM ZEZH
HInmeEEREIE - KGR 4 B AAAZH (108 &) %A K itk
TRk AR KT R EET 3 An LRk B 5% ke F (P E et
& 2005) » AFPR e RIEER Ak EREAZZ 2 /& (N-P205-K,0 3e
FE#4 240-120-120kg/ha » #EHaHER 55 4 1.04:042 & 0.20 g( & -
B R ATRE AR B ) B Mk~ BR84S R RALET ) o 4RI A AR A 8 A2 0 N - K 0
HeEwEEAE4 20-20kgha > HaHEMA KkE 0.087 g& fALs7 0.066 g

KFEHFEAAT 2-3 BFH > FHAKE 2-3 FEZ BENEIRN - B2E
Ltk REMBAKSERAERFAEEL  BABEANOAGEHE K FAERET
BHREE | ko MEHMIBESEAIRE - AP 2011 £ 4 A 1 B4
2011 4 8 A 24 B A 25 BMR °
e EAE

RAGH AL > F LR (4 1 BAR) EMRARMHEFE G X (Brassica
chinensis L. cv. Ching-Geeng ) > B— & B FAE G % 3 tho MMM F13EH
BB B K o N-P,0s-K,0 B &4 165 -285-108 kg/ha » &z e #t ik
REAKERRAEZ 3 1% 8 -8Ry AR (60%) A (40%) WA
Aieg oSl ikt 1296 g Bt — 647 1.55g SLHAL47 0.108 g - LREH 2K

W Bk 0.864 g Bl = F47 1.032 g AALLT 0.072 g- ARG E A
20
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A5 RAWEA O BRRRAANEE 14 RIEER - FAEGEN 2011 £ 10 A 1 B4
M 02011 4 10 B 31 B -
ZCHBATRE

KAGHBE S REZI W 2Rl AkEk s W (S0 E) BRI - FHoa%
AR FRdcst E3R(EIR ) A B RASEE RGBARF R ieF b E R X P FER
EEMRSRAEME LIBBR - FATOHMER > BUEBETFTARYFRLF  #» 70C F
WH=ZR > BETHEBEIR - KBRFREEERZIHCIMAB L 70 C K=
R ORI G D IBNF B B -

m ~ AR A2 - HNO3;-HCIO4 (Jones and Case, 1990 )

FE 0.5g LIFHBEENDME » lwA 25mL BHEE HEBEBR - BFome
ENpohig o 80C Tom 1 e REAHNEZR - BhoA 2.5 mL jRiB R
L 3b 45 5 R B Ao #kAg 0 8L 180-200C A% 2-3 B HEHRIREF o
FZ AR EEY 80C ThAZBABIAERBETL  RESMAELNET
B AERAEBETFAKEZEE 25 mL o B{E A Whatman No. 42 JE 488 ° 1%
LB F R M o344 (Hitachi 180 -30 & & GBC 908 AA) 3| %

B 2BRAEYTERFASRERZE
(=) 0.05 M EDTA (pH 7.0) Z Ek(Mench et al., 1994)

HIRE AL E  ARER 106.343 goy CioH14N,NayOg - ,H,0 (EDTA) e fdn & i
TRy > LRAMBEBAHAKALE pHE 70> BUE#HETFAKLEE 651 -

HIRF R AR S5g £ 125mL = AT > v A 50 mL 0.05M EDTA >
BNEZE 120rpm EE 1 N> B{EA Whatman No.42 JE 48K » &4 A

R FRI 4R (Hitachi 180 -30 &1 & GBC 908 AA) RIE4AFusEey R E ©
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(=) 0.005M DTPA (pH 7.3) # B’k (Lindsay and Norvell, 1978)

HIRE A ¢ FFER 52.15 geyN(CH,CH,OH); (TEA) ~ 6.895 g C14H3N301
(DTPA) & 5.145 g fALsS > m@nEaFKy > A 6N BEFHEE pHE
73> BUAEEETAKELEERE 350

EEFH AR Sg BN 125mL = A4MHR T > svA 25 mL 0.05M DTPA -
BEREZRL 120rpm E % 1 /8% > {# A Whatman No. 42 g 43878 ° HUARTF
Bl 3% 4% (Hitachi 180-30 &0 & GBC 908 AA) R & 4AFu sty ik B -

(£)0.01 M #£.4t45 (CaCl,.2H,0) #E%: (Novozmsky et al., 1993 )

HEERB| A AR 11.026 g ) BASS BN E8F K 2 EE TS50 -
HERFGERFPER Sg E3EH 125mL Z AT wA 50mL0.01 M #4b
45 BREZRL 120rpm E % 1 /8% > 4 F Whatman No. 42 JE 4GBIE © F 2L

B F R34 (Hitachi 180 -30 & & GBC 908 AA) BT 4AFudt ey -
FNW -~ R

1# B %31 #k 8% SAS Enterprise Guide 4.3 #4743 247 ° sk GLM #2 F- 4T
YoM ERIEE S% BAEKER BT ANEMREE £ B (Tukey’s honest
significant difference: HSD ) # 47 /& F2 Bl LbER © PR A 43t A 768y p value £ 4 0.05 >
% p<0.05 85 BAEAH (%) p<00l & AmAAZAAM ()5 p<0.001 8

BARBAE AR (F**) o
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FwF &ERETH

F—f - HRIBAAREOEE

AF R PTEIE L3R B BB & (Yantunpo) » £ £ B 23E 55 38 A 408 77
14 (Entisols) > =48 % # A& & 8 A &ML % # st (Lithic Udorthent) (Soil
Survey Staff, 2010) o K /& p#74E FBa-T > sb X3EM9EDH - R RS E N &
164%~494% & 343% (% 2) > HB U= AB T4 LIEHAN TR
t o k3 pH (B4 6145 B segtE 3% > ot pH (AT > LB P ah ~ 45~ £ fudy
AL TERASEASIEGEFE PIEFARENSEAH 276 % 224
Fogrog B 5 % 16.8 mg/kg B 32.1 mg/kg @ AR £ LT 548 (21.6
mg/kg) Fu4% (190 mg/kg) (Chen and Lee, 1995) » FR iR IRARFE AT /28 —f B
W £ IR R0 B0 AR R 0 BR ARER IR R R BIAEITE -
Fo - RBARELEE

AR R A MBS A PR NG A A2 T w4 1 3% A ke
MRRS S BRI HABERC - e pH 4 (£Kktk=1:5) % 83 (% 3) -
THEEMA 58dS/m- A kwm A &4 333 gke- e E4BEE A 0.07 mgke(4a)
33.4 mg/kg (4% )~42.2 mg/kg (47 )~ 164 mg/kg (4% )~2.20 mg/kg (44 ) & 10.9 mg/kg
(48 ) e ie + €48 69 & #1412 £(4% 2 mg/kg -4 150 mg/kg ~47 100 mg/kg -

4% 500 mg/kg ~ 4% 150 mg/kg Fuss 25 me/kg ) (FTEIREZ € B4 E,2012) -
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F 2 AR EIEZIEILME
Table 2. Physical and chemical properties of the studied soil

Soil properties

Texture Silty clay loam
Sand, % 16.4
Silt, % 49.4
Clay, % 343

pPH water, s01l : water=1: 1 6.1

Organic matter, % 2.76

Total Cu, mg/kg 17

Total Zn, mg/kg 32
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i 3 AR AANE
Table 3. Basic properties of compost

Properties Value regulation
PH water, soil : water=1:5 8.3

EC (w/v 1:5), dS/m 5.8

Organic matter, % 57.4

Total Cd, mg/kg 0.07 2
Total Cr, mg/kg 33 150
Total Cu, mg/kg 42 100
Total Zn, mg/kg 164 500
Total Pb, mg/kg 2.2 150
Total Ni, mg/kg 11 25
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F=H - FAARETABZAERER

#heeE (B 3) WERTHE—FHF4 0 A 6 KB E KRG Ivéafo b o
23 FhEEd 239 + 42 g/pot HH FIKE 22.8 + 7.9 g/pot &R LFFE 342 +
8.5 g/pot » {2 it RiEF| &I E 5 % BEEKE > KT B KRR R hodr b
Z 2B BRIERERGER - —KMmT > MREARRE4LL > A 6 RNE
— R RE RS LR B H TR RBEFLE  TRERALATRL
EAWEIEL  ARERHHE T -

R AMEZ RS AN EIE CERBIRETHEERD - AR
ARG LESES 11 % F—EFEENRAPHRBEEA 7497 o (M
BE > 2004) #HEE—ZRNFHEEA 150 gpot - HRAMTHERER >
AR REI SR B R RIE > kP E & EFAE 15.0 g/pot - 2K 46 M He
PR RmEAF SN IR B E S REES 1 RO FHRAE S HILT 4o

PARREAR T > AR SR wsAFfo b ey £IE » KAGERAHT GRE ©
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50

40 -

Grain dry weight (g/pot)

10 A

B 3>

Fig. 3. Dry weight of rice grain (g/pot) in different treatment. Values represent mean *
standard deviation (n=4). Different letters within same each spiked Cu and Zn
treatment are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
(NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0,

75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn
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0 0 0 0 0 0 0 0 0
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Cu and Zn concentration in soil (mg/kg)

RERIETFRFGEALE (g/pot) NA= RMEHLRE ;Lime= %A 5K ;
Compost = 3R ;075150 = HAvgFEE ; 0~ 200 ~ 400 = Fhosk

RE)

concentration(mg/kg))
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PO ASBEIERAHASERIVE

—AF o ERFR (R 4) RERAKREIGRIE > 47 ~ 4% ~ dAFudt ey /8
SR SHBRESRBEYE(p>0.05)Kim Fo McBride (2009) #t L #8w
A A FRAHRIARBBEVE  RAIBHARIEZABBEZE (p
<0.001); Luo #o Rimmer (1994) RA|#-w > 48 ~ sAfvdkegta ZAE M H RA A KRS
AEBERE(p<005)- M BRE A AfsHZRAHBRETRBEVE -
B > AsH B £ SR E P (p<0.001)- 2/ HAE - 47 > 4  fAF0 st
MEIEReRERESMEEZ (p<0.05)-

FERAERBAEAT »  RERAE— KRS AR £3E > ey F3HE
FN 239-32.6gpot» FRAERIEM G RZFAEEZR (p>0.05) (% 5)- k&R
B BB SURS R AR RIARGBEE AR - A > Luo Fo
Rimmer (1995) #9#F R AP BT * FEHE ABNE — IR A Fméasiey 38 > KA ML
FEBAKREEBFIK -

R B REERT  EhmeEBE 2% % 0mgkg ~ 200 mgkg A& 400 mg/kg
LB MEEMREN N B EZERBAELE (p>0.05) - AAwsRRE 55
% Omgkg A 150mg/kg a9 138 > MEESRENE M BhETERERELE
(p > 0.05)° & > HAcsRIRE 75 mgkg &y £3F > BH st 200 mgkg #2400
mgkg  HZHMEFTRERYD - HLOLELER NRERIEHF T ARLEBERERET >

B-RREMARRGHEBZREE -

W R HERE > Mg R E A 5 5 % 0mg/kg ~ 200 mg/kg #2400 mg/kghy 3E
B AR B ETAREIERAMYE - B SHEE»E O
mg/kg ~ 75 mg/kg #1150 mg/kg B » KRB L iAnsE b 18 2ok & & 51K BTN 3%

REIRIET o A hudhl RAF & ARG A ©
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R A -FRARETANE-_RFoHHBRES (gpot) IFE
Table 4. A two - way ANOVA analysis for the effect of Cu and Zn on grain dry weight
(g/pot) in different treatment

Effect NAS§ Lime Compost
Cu NS NS oAk
n NS skeksk skeksk
CuxZn NS NS *

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*#% significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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£ 5 ARRETRAEHIFRHZRILE (Ypot) WBE
Table 5. The effect of Cu - Zn interaction on grain dry weight (g/pot)

Treatment§ NA Lime Compost

Cu0 Zn 0 23.9+4.2 a#t 22.8+7.9ab 342 +8.5ab
Zn 200 256+1.8a 19.1+£5.8b 2274109 cd
Zn400 26.7+102a 23.8+ 6.9 ab 27.3+9.5bc

Cu75 Zn0 27.1+£10.1a 324+13a 385+2.1a
Zn 200 305+£49a 193+6.7b 12.4 £ 6.0 def
Zn 400 279+94a 17.7+£72b 8.19+ 6.34 ef

Cul50 Zno0 31.5+£45a 26.5+4.7 ab 26.5+4.7 cde
Zn 200 326+50a 199+9.1b 6.89+531f
Zn 400 249+5.0a 20.8 £6.1b 333+3.68f

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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RAMAAA A EIE R EE SR FHBZREENF A 6.89 g/pot(F
HodREE 2 150 mg/kg R 4EEE 200 mgkg e4RIE) $1 3.33 glpot (b
150 mg/kg & 4%R & 400 mg/kg 89 R FE ) » BAT 56 A 3 RN IR AT A 5 R R 4R fu 6%
EE BRESGHR - BRKEREGRR TS (1) A RER KL RE
PR B R 0 A AR RAG S L3R 1% 0 13 Eh (AR 0 SRF0 e 4 Aoty
AE > REAERAER - 2% (2005) BHHET A ARE N KRGS » LB
AR R EMAEERIK > LB PHMIENERERS  FAKBRALERK - (2)
AL T & BN T8 T ISR s & 3 e dR Ao SRRy TE B 0 R4RF g B AR
Q94T B 0 GAF0 S 9T AR B, » Jo A Au S @ 3 hodR 69 IR 0 A bR g 3w b Y
7z 4 (Luo et al., 2001) > {45 L3E P sRfudtin th & EF > pHl KR A A K &M
HEAKIGH rEYR REATREE -

BEG - AEREHARSETRREOLE
—_—~ ,ﬁ%;}e

WEETMZ o Je A B R AR S T IEEKE R PARRE (B 4) & REATA
Bt A4, (Wang et al., 2009) - 36 F & K44 > #EK F4RR B FE 16y R B Al & £ 38 pH
{323 > L3R T 4R 5 18(Wang et al., 2009) o 7 56 B HERe g o 4k K & 4RE
FE AR 09 R B VT A A 4R o e ey 3 o B Re A st & R 138 pH R & » #4547
38 % R 8K 7T 7% B (Huang et al., 2011) - Mohamed et al. (2010) # F #5442 ~ 4 Ae g2 5%
R TR BRIIE TGO RAER G AHURE > S pH A~ A
WH ~EC & RA MM AAH -

lf o RERERPEAREOZIRFTBEANAEAAGHEREA N
Kabata-Pendias #2 Pendias (2000) 15 i Bl T 4R 69 B T8 Rt ~ 0k ~ A4 Y b
ML AYETHER AP XUABREMEAMESEIFHELIEFTNIITA - R

AR B B RITFHL3E pH A2 > A5 A M E st » ATUAE A 3

31



Cu concentration in brown rice (mg/kg)

12 A a
C_INA
[ Lime a
I Compost
10 - :"E
L a
8 a as b a
a b
I ab I b b a
6 a a a
b a a
b a b
4 b b
b b
2 4 b
0 T T T T T T T
0 0 0 0 0 0 0 0 0
cuo* cuts”* 1“0\1 A50* U‘cu o+20 ?gu 15* 1“23 150 * ¢ 'mc.u o+20 52“15 *Z“é\? 450 * 20

4~ RRRETFHK PHRE (mgkg) (NA = KGR ERAF ; Lime = %A 5
& ; Compost = 3R ; 075150 = FmudmEE (mgkg); 0~ 200
400 = AmsEiRE (mg/kg))

Fig. 4. Cu concentration (mg/kg) of brown rice in different treatments. Values represent

mean * standard deviation (n = 4). Different letters within same each spiked Cu
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked

Zn concentration (mg/kg) )
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peth o KR PARGYR B LERR S o

HECE PR E — AN ND-620mgkg (R EAKE) (Bfeh P £4
JB B R A EF M2, 1999) - Romkens et al. (2009) w45 5 4& R b Bar » 3BT
B ER TR AN 122 - 145 mg/kg oy L3 > k&K P4Ray 4 A8 6.00 mg/kg °
Bboh 0 Zhaoetal. Q0L R E P ALY 92 KAK®E E3E 55K E K 7 4R
WEE R AINR 071 -5.79 mg/kg » HBRATRE R To 0 B —FhosA 4R E
B o kR PARG R KRR 6.20 mgke 0 BRAEFEEREN - A o E4E
BB ERA M (Cu75+Zn 400 ~ Cu 150 +Zn 200 ~ Cu 150 +Zn 400) 8 > k3%
A BB o) £38 > Rk PARREES LA ZE 8mgkg A4 - sERKEK PR E
= 8 mg/kg o 8 sbARR AL B AR B REHEN - KRR XA RK PR
REARHE 8me/kg ) Ef mE KKK RS ETHE 16.5 mgkg (Pip, 1993) > £

B 3tk 484 8 A 8.7 mg/kg (Nriagu, 1995) -
=~ KAGH L

RBELE HEHRET (RERBELRE ~ #6R B RIAHMA ML) » KA L3
FARG R IR E A bR X B (B 5)e FAARIET » KAk L3
4R e 3R AN 1.16 - 15.8 mg/kg e

W M o RSB ST [E AR KRG 30 L3R 4R RE > AMie A B R\ K3E A 2L R
Bl RIZM AN S RE2| 43T LRZ £ E (p>0.05) s ABAEEKIER LR E 6
WAl AR BE £ R TR IS R L3 PSR e R B R B o b4
RREEKK PRRENERAM > LREAF K Y SR8/ /) 85k -

- FER

AmmbRey L3R A G R BRI R G B E B IRAERTAGRECE 6)-
K> AR TR GERE ~ 45445508 ~ 7 BE45 ~ R EH - BBREIRR

FEAR P 4R &Y B E K 24.8-753 % » B G R G A i by e B #|(Wang et al., 2009) -
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Spiked Cu and Zn concentration (mg/kg)

5~ FERIE T ARG LI FRE (mgke) NA= K3ER B RA ; Lime = 5
M %G & ; Compost = 36 #he ; 075150 = FvpodriEE (mg/kg); 0-200 ~
400 = A postiRE (mgkg))

Fig. 5. Cu concentration (mg/kg) of rice shoot in different treatments. Values represent
mean * standard deviation (n = 4). Different letters within same each spiked Cu
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked

Zn concentration (mg/kg) )
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&KX ; Compost= R ;0~75~150= FiéREE (mg/kg); 0200 ~
400 = FAméEiR E (mg/kg))

Fig. 6. Cu concentration (mg/kg) of rice root in different treatments. Values represent
mean + standard deviation (n = 4). Different letters within same each spiked Cu
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked

Zn concentration (mg/kg))
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AP RERBEABE > THARARR LI pH HFEBRBHERARBRIIELIESL
FREARTLEIE > FRUER B R B AFGR PR R EAREE R A o A B34 F
SAERIES AR > WS = Fok (B 4-6) AT AP R AL3s B KA &3R4 P

SRUBE GBI A ASR > E > & > ik (Guetal, 2011; Wang et al., 2009) »

FNEG S HIERHREFRREZIVE
— ~ REK

AR B RB] - G REEREIC R IE > 48 ~ 8 - s L ER B
THRBEVERRFAGRE (K 6)  AAXHERANTAARLRTEMRE >
Sarkunan et al. (1989) #5 di4R ~ 4% ~ 4Afuskeh B R S & B E 2k PR R
Kim #= McBride (2009) #9#% %88 Pk T 4AFudt ey a ZAE R Sh > 4R - S ¢ ER
BRI FHERE
(—) FAusRiRE 0 mg/kg

KRG RET » Rifcidae) 238 > Bt 200 mgkg % 400 mg/kg k&
¥ PR ey TR AR 440-484me/kg st ERiER] S% BaEAKRE(E Ta)
SR IERBINAERE > PRALET L EHEE S 16.8 mgkg B -
BRSNS LR &% HHE K PARBYIRE -

W B R FEEEREE o MR PARREZRTHMAY &K +47
& REd 4.86+0.68 mg/kg(Cul+7Zn0)45 5 FIKE 3.46+0.76 mg/kg(Cu 0+ Zn
200) #2 2.71 £ 0.81 mg/kg (Cu 0+ Zn 400) » 12 2 A FAoédB E 400 mgkg &9k
WAERREERE - BT AL KT > LB KRB RR LT - B msE
400 mg/kg & Hp 1k K Rl R

e P HeRE 0y 45 R 9106 A B R Y & A 0 AR P AR YR FLRE % 4 04 38 e o [
& A AhustiRE 200 % 400 mgkg E RFAdRny L3E HR PRRE B A 2.15
mg/kg A 1.18 mg/kg - b~ > AR > Bt E RN bR by £3E > &g
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& 6~ RERIZ T sAF0 st — B F 547 #HAEK T 4778 B (mg/kg) 8y % &
Table 6. A two - way ANOVA analysis for the effect of Cu and Zn on Cu concentration
(mg/kg) of brown rice in different treatments

Effect NAS§ Lime Compost
Cu skesksk skskk skeskok
Zn skeskok skskk skeskok
Cu x Zn *k k% sk

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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Fig. 7. Cu concentration (mg/kg) of brown rice with Zn addition in different treatments
(a) Cu 0 mg/kg ,(b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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ol K R AR o
(=)&FHedrR E 75 mg/kg

KR KRBT 0 A0SR TSmgkg 89 3> B 200 mgkeg &%
MEARAE SR P4RMRE > #Ek PAReYRE B 6.38 £ 0.72 mgkg B E 496 + 0.75
mg/kg (B 7b); %M o FawsriEE 75 mg/ke 89 L3 0 B 400 mgkg o 4447
G AR BAIR « AAmsRE 200 mg/kghy - SRS AR AR R B AESLER > A
Ao StRUE S 400 melkg o 440 Sher i TR AL # AR AR o % — PRI
R4 A hogk (200400 2 800 mg/kg )~ 4 (50~ 100 g2 200 mg/kg )~ 4% (25 ~
50 #1100 mg/kg ) &9 £ - Hkr 47 a4 R E KE 2 4% 69 3 Av i 3 Aw(Sarkunan et al.,
1989) = RE] 69 #k T > okt FéAfo st eyta AR R F] » TAE A W F B HLAER -

W B KRB 0 kR P AR a9 AR S Rk A B BB 09 R FEARE] o Ao
SRR 75 mg/kg oy £3B 0 BiAust 200 mgkg @ 3pHIE K P ORMAR o FhudAik

B 75 mghkg 69 3R - Ao AmsE 400 mg/kg B 44 Hkk K RIS o
(Z)F sk g 150 mg/kg

AR B REITE T » HhodrliR A 150 mg/kg 69 3> BN wst 200 mg/kg
B P AREEEd 623+ 131 mgkg EFAE 8.11+ 046 mgkg (B 7c) 2%
st e £ 2(p>0.05) 5 Bt 400 mgkg #Kk PaRay/RE LA ZE 941
+2.14 mg/kg > B EEE] 5 % BAFKE - Gb&ERF L KRR E 150
mg/kg B9 13E - B iRAsE 400 mgkg @R EREK BWER - AR R L R Sarkunan
etal. (1989) Aafst o

W P B AR LM HE Y 4 B R B RO B R IE — 5 A edRIE 150 mg/kg
4y 3% 0 BAEE 200 mgkg 3R €% A kE K HARAY B (p > 0.05) » {2% H Ao
SR E 400 mg/kg SR EMK RWSA &AL REBET REA BHAZRE
ARk E 150 mgkg &9 > BRI R 400 me/kg > &% G 1% i 4d K BRMER o
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(m)4a 4

%2k £ R0 E 04200 % 400 mg/ke B Bk Aese 200 mekg K 4% 400
mg/kg > $F &8 i R FIAE K B4R B KRB E-T 5ot » Hméd 75 mgkg 2 150
mg/kg & 13E > Bihosr 400 mg/kg o & @R RS K RIL 4R -
=~ KAGH B

RERERBGHEAT » RAFATHEEDE ARG LN FHEGRE > 8 4
FodtahAa ZAE R AT KAG b LR FAREYRE BB E (% 7) Luo Fo Rimmer (1995)
WER R RIBRT » 4R - SRR @R E RS LR PRGIRE > i sk ieEER a4
EBERSFRAGRE - A RABT 0 47~ & SAfe sty ia A A AR T
SR 69 R FE R B % % % (Sarkunan et al., 1989) - % A & & 46 A EAETF » 4RFu sk el 48
DEREAKG EIRVARBREDE
(—) HwsARE 0 mg/kg

RIER B RBIGHELT » RifmsReg £38 » HBimeE 200 & 400 mgke » &
IR RFG M LR AER (B 8a) o A —FR KA B~ KA Audr ey L3R > 5 hosE 10
mg/kg © KA FRGRE G LI 25447 &HE 100 mgkg > K43b B3 F4aR6R
JE 8] € F F(Luo and Rimmer, 1995) - Fageria (2002) &9%F % 45 £ B 887 A o dk € 39
KA L BR RS ~ S5 R 5 Aot R] R AT K T RIS o

W TR AT o kA AvdRe) L4 > BdAvkE 200 & 400 meke 0 KE L
IR GATE RIP B ARAG M L IRRAER o R R IR T RAGH L3R ¥ 4R 6y T30k A

2.45-3.08 mg/kg (WM R ) 1 1.49-222 mgkg (A HH)
(2)&méARE 75 mg/kg

B 8b L REFAREA KRB FENT » HpsiBE 75 mgkg by L3 - B
Hed¥E 200 mg/kg K 400 mg/kg > ARG E M LI PR EE o Luo #v Rimmer

(1995) & Rfu RAF R & RA4al > HE RBE TR 50 mgkg 89 138 - Biiw
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% 7~ FRERIET A48 = B F 547 # K A8 30 L 30 F SRR & (mg/kg ) oy B 4
Table 7. A two-way ANOVA analysis for the effect of Cu and Zn on Cu concentration
(mg/kg) of shoot in different treatments

Effect NAS§ Lime Compost
Cu skesksk skskk skeskok
Zn NS NS otk
CuxZn NS * oAk

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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(a) Cu 0

(b) Cu 75

(c) Cu 150

Cu concentration in shoot (mg/kg)
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8 + R [ IR T G 3 48R 9 8 ho kA b L3 P AR (mgkg) 9 %AL () 47
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Fig. 8. Cu concentration (mg/kg) of rice shoot with Zn addition in different treatments
(a) Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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SR 10 & 100 mg/kg > KA LI PR E S A H & 48 M Sarkunan et al.

(1989) ty&E 443, > Himét @ RSB PR IEE -

WA B RE R HAdRiRE 75 mg/kg #) 23R AR R AR ER gLk
RIPH AKAGH LR RNAR o AR A REIE 0 AAnsRiRE 75 mg/kg 8 3% B
AmgE 400 mg/kg @42 it b b AR AAR o LA RIAER o AavsRiEE 75 mgkg ey £
o KASH IR P ARGYEE A 3.71 £0.07 mg/kg o B AusEiEE 200 mg/kg & 400
mg/kg > KFGH L3R P AR E 5% LA ZE 5.06+0.75 mg/kg & 6.55 + 1.83 mg/kg
B RAHmeERE 400mgkeg ) RIZAEHAIT L 5% BEELER
(Z)dmsARE 150 mg/kg

KA RET » AhosRRE 150 mg/kg 69 £3F - KAGH L3R PR -T R
BA# 102-142mg/kg (B 8c) HEAREMAMKIT LERBAZEZR - ALK
%o BEARMEZSFRE I ho » KAGH EIRFEAGREZRTHEAEE > 224Kkt L
RiEF| 5% HEERE -BLiliffe RERFEAXRBISIER B R » KigHb L
PR REE R REABE -

B R T KAGE L3R P ARG IR E A B E At o A wsRiRE 150 mg/kg o9+
o KAGH L3R P ARG EE A 3.63+0.58 me/kg o B EEEE AmE 200 %K 400
mg/kg > AKFGHL L3R b ARG > B3 E 6.09 £ 1.26 mg/kg B 9.26 £ 0.96 mg/kg
BE/MEERIEMHED 5% BEEE - SR TrEARET > SvsiR &

150 mg/kg &9 £3F - A ivposE 200 2 400 mg/kg > £ @12 & KRG Hb b 3RBASR
(m)4a 4

REBELE RERXREEEA G REGFERLT » FE LBRRRE BT H
Ichoge 200 3% 400 mg/kg IR @ AT i R I 4] KA H L SRRNAR o 2R T 0 e AR
% o AAoRIRE SR 75 mgkg 6 3R 0 HiAwsr 200 K 400 mgkeg IR EAKAS
o b BRR SR o
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=~ BR
AR T ot R (R 8) FEABERA BRI AT TBE
FER T EREYIRE(p <0.001 ) 4aFudted B R AR EHAER TRV BREABE -
AERARBEERBERT > SHeBEPLERRTHAGRE
(—) HAusRRE 0 mg/kg
ETHRERABARE MARETR/RFEAGRERLG S 8mgkg (B 9a)-
AR RE ARG RIIERAERT > ASHREREM S RE 5% BELE -
L RBT 0 R FAHRELERI R WBOBE -
(=) HiesRiRE 75 mg/kg
AAEA B REIT - SandAiRE 75 mglkg &) 23 0 AR TAIRE R RE
% 32.4+596 mg/kg (B 9b) - BEESMAA0sEEE 200 mg/kg % 400 mg/kg %
AR ARG EE A LI E 47.0+8.18 mg/kg 2 59.5+ 12.2 mgkg o 12 R A i dw
SR 400 mg/kg WHRIZA BAE £ B (p<0.05)- 454 Ll & RAF 40 HAnsAiR 75
mg/kg &) £3E 0 BliAwsERE 400 mg/kg 0 5 4 @R EAGAR BAKSR o
e BRI ERBERKR - FERART SR FFANREA 415+
2.44 mg/kg(Cu75+7Zn 0)~33.5 +6.42 mg/kg(Cu 75 + Zn 200 ) & 43.8 + 10.3 mg/kg
(Cu75+7Zn400) > ARIEMAEEEEE (p>0.05) - 3eABET » 7SR P42
RELRESRITE 5% BEERE - SRET 0 A 6 RIEER KRG > HhosRiR
B 75 mglkg &) 23 BRI A0SR 200 mg/kg & 400 mg/kg > 4% R 4T R
Hp I FEAR R NSR
(2) #msARE 150 mg/kg
AR B R B e R B RS R RS T o B R A msRiR R 150 mg/kg oy H3E
BiAosEE 200 mgkg & 400 mg/kg F4AR PR 6 B A LA R T e iEH (B

) ERAHEMNKRIE (RERALBEE ~ A LGRRXIEAHER) F » REAGEEE
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% 8~ FRRERIETAF s = B F 047 HAMGRI TR EHBE
Table 8. A two-way ANOVA analysis for the effect of Cu and Zn on Cu concentration

(mg/kg) of rice root in different treatments

Effect NAS§ Lime Compost
Cu skesksk skskk skeskok
Zn * *x NS
CuxZn NS NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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Fig. 9. Cu concentration (mg/kg) of rice root with Zn addition in different treatments (a)
Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c¢) Cu 150 mg/kg
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RIZF o FER PRGBS R ESRITE 5% BEKE - GRERETH FEHE
MR B R > AAvdRRE 150 mg/kg 49 £3E 0 B A AwsE 200 mg/kg & 400 mg/kg
TG I FIAGARRALEE -

Lo R

RASAA g R BAE A HAE R ~ KA LR RABR FEANBE > THERA £
FAe A B R B 6 DUTF » A hodF 8 g 4T i S oK Boliidr =k B KA 30 L3R
B R BFAR > BT fosRfu bt a4 BAVE R H ARSI PR B ERERBR A%
ko> RAGHEIR > G o BTG R B AAGIR MR 4R > it R KR E4H
SRR RAFGR K BBRIEASE > FAE R & B RMERR T > B L3ER
BFAT A SR EF > 3R 4R RIPHFIAGIRBUSR o KA LI (FEREE) ERBA
BN A R AD > R EAMRARE > ATAR &R & HAKGH L3R T
S RERARRBE - Kok s @EXEMK 0 AR MELSE63YE o A i F
RIEWAER - ENABARBEAR wET > KA P08 ZAER AW FE) It
f5R > RIBE—FHAR -

FEH - ARAREHABTSHREAVE
— 5’%;&

AP G A RIETHOK T80 TR E A 31.2-473 mgkg (B 10)- 4R45
EEE RN T ELB S EALLERMER, 19]1) 2EHERLTHLEAS
1.99-80mg/kg (#EARE) > seeh-T3EE %A 392 + 12.1 mgkg o $1 F 3 Xk
BERKR AR TEWRESNHEFTRELEN - b T4 > KfG4
RANMRE B AR 150 mg/kg B4R B ARY 400 mg/kg 69 13E > kKR &R SR A
258 -

PAEK PARGREARLL c MR P2 RG> B AMBINE 85 4EH
IR o RER™MT 0 A A KRB R G HEARKMK FEraYRE > #R F4Eey
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Fig. 10. Zn concentration (mg/kg) of brown rice in different treatments. Values represent
mean + standard deviation (n = 4). Different letters within same each spiked
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked

Zn concentration (mg/kg) )
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RERKERARBORERNS RESRFT LBE 2R - K WA RBETHRA
R~ BRREPLT R T AR E Ao F 4% 69 7R (Khan and Jones, 2008) = Z# 7569 L3R A

BERSHTRGEEELE pH A58 335 SF9FHMS » FHREEMNILIRIE
FThA R SmAKBRES LR P AR B & oEa kB LR e
FOBAMBEN IR AN EFE L BIREMAG TR LE  ATOUGER & R
FERRER PR R E BB R -
=~ KFGH LR

KRR B RBBELT » HmseBE 0 mgkg 89 R > A3 L3I0 ¥ 4589 F
MRBERAE 22.6-43.7mg/kg » B G H 4R 6938 ho > KAGH L3R P 8ER B b1
2 (B 11) X ¥ THBES L > 68 6 REMRNFmbEa) 38 0 K&
L HROT AR FEARKAG L B3R A e R 0 b4 R ELAT ABF 2248 (Gu et al., 2011) -
AT R4S ok A RR SUE R T R RIS R E e 58 o
S 2

KA ey R E > FEAR P AR TR E NN 373-56.8 mgkg (B 12)° &H
Aok IR FEBE > AGAR PAReY TR EFE 140 - 380 mg/kg o A B R AR K T
ERT LABE 3 FEARAGAR T 4R 0B (Rt RIEIR SN ) sbs R LAAG M b 30
sreqss RAai 0 RE A (1) A B R (CaCO3) 44 » Ca’ M LB aE ey H A
APT Bk 23 pH (E3RZ 0 BB ey COs™ AT s il » (R4F 4B A B 1%
& (2) HRAMRACAER - PTALIE pH B aRS > SF9BAE T - sbihsk
fek mAT 'S 20 AT e o By IS ~ Bk ek o T ST A s 4 (Alloway, 1995;
Lee et al., 2004)

PLRFGH EIFBAER AR AL > AR FHNRERS  HRAM LI
Rih Atk (B 10-12) A AS 4 H A ABBNRRKRAS ik > &
¥ > A8 > Bk > Gk, 1990) ¢
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+ standard deviation (n = 4). Different letters within same each spiked
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked

Zn concentration (mg/kg ) )
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Fig. 12. Zn concentration (mg/kg) of rice root in different treatments.. Values represent
mean + standard deviation (n = 4). Different letters within same each spiked
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked

Zn concentration (mg/kg) )
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B - SSAa LA R HAA TR E 2
— R

RAFugE R F o Rk PARREME R T (K 9) RERA A RBIHEIL
T oA ARt A F R R R PN ERE S ARBERE (p<0.01) it
£ R BT A R A48 45 (Sarkunan et al., 1989) o & R RIERRRIET » Hhodr @ &k

KPSayRE R R AL RIRIE > sAFosEayta ZAF A Sk PErREA B %

BE -
(—) &msERE 0 mg/kg
FER BRI RED R odtey 238 BRSNS wERRE 75 & 150 mg/kg:

REEF @& R ipplie kRt (B 13a) - REVRIE TR P46 FHRE A
31.2-33.9 mg/kg( k4% M 2k B &) )~33.8 - 38.7 mg/kg( # A & & )t 33.4 - 38.9 mg/kg
(¥ A HEhe ) o
(=) &msEiRE 200 mg/kg

BB 14b &R4F40 KA R B GHE LT AR E 200 mg/kg &y 138 >
Kk PAERE A 37.8+092 mg/kg 0 B AosARE 75 mg/kg & B8 MR AREE R P
e B SRR B 333+ 1.68 mg/kg o A > B A AwsEE E 150 mg/kg B
FEk PARE RSP 37.8+0.92mgkg EFAE 41.7+2.63mgkg c BiEEEE (p
<0.05)° &5 R BT A AndRE B 75 mg/kg dmHIAE K R A2 R A A dRE 150
mg/kg 47 €12 1 #& K R J 4% - Sarkunan et al. (1989) #5524 Ao R 2] i 47 (50 ~
100 g2 200 mg/kg )~ 4% (200 ~ 400 s 800 mg/kg ) #2148 (25~50 # 100 mg/kg )
ARGk P ARRE B E BRI S e EE 200 mg/kg & 238> FHEEIN A odA 50
100 2% 200 mg/kg €42:EFRBRIE: - A G R RIEREL > BAIsE 75 R 150
mg/kg E A AnsEEE 200 mgkg o9 L3 o Rk PAReyTHEE A 402 - 421
mg/kg (#6R B KR ) #1 41.1-474mgkg (FeRmihe)  BRE—REN > RE4HEER
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& 9~ RERIE T4 — B -F o4 sk P 43R B (mg/kg ) #y % &
Table 9. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration

(mg/kg) of brown rice in different treatments

Effect NAS§ Lime Compost
Cu sksksk NS *

Zn skeskok sk skesksk
Cu x Zn * * NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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ERIEMIRES 5% BMEKEELR -
(2) HAostiRE 400 mg/kg

eAodE iR B 400 mg/kgeh L 3E o kK P AEGEE A 41.8+8.79 mg/kg( B 13¢) o
S BAASNR AR 75 & 150 mgkg EFAvsr 400 mg/kgty £IE 0 koK P
BENSH LA E 455+£225mgkg B 41.9+4.08 mgkg  fe it E RS £
2 (p>0.05) & R8T > St E 400 mg/kgey £3E - BERIN bR R G418
e R HIRE R BALEF o AT AR R RAN BT R wsEiR A 400 mg/kg 49 L3E - A
I 4R G AT i 2R Hp 4] Bok &l #% (Sarkunan et al., 1989) o

W B R T 0 AméEiRE 400 mg/kg 913 > BAHsRREE 75 mgkg €12k
R RUEE R B wgEE 150 mg/kg B R €Tk RIS AR T
AxmsERE 400 mg/kg ¢ 38 - BB ARERE 75 &K 150 mg/kg > 4R R IR i
BAPFIRE K R > KK P ERY R R A 37.4+3.23 mg/kg - 47.4 + 11.4 mg/kg -

(m)4a &

RBEME > REFEEBEIRB > RS wsE ~ Hhost 200 mg/kg =7 hobt
400 mg/kg & £3E > B A hosE 75 mg/kg % 150 mg/kg > R E4T M k0 B dE Sk Rk

&8 0 RR R ARG RRE > ATUARAEAER PEERERBDE -
=~ KRG LI

AR B RE A B RRCABEMRIE > S eBREPERMSEPHGERE (X
10) © 47 ~ 4AAnde YR EAF A ¥ KIS L3R P AR B E R RBEEHE (p>0.05) -
B RAT A REPBATAAF B R S R E B ERT ~ AEH LI -~ BRTP

4% ¢4 78 /& (Luo and Rimmer, 1995; McBride and Kim, 2009; Sarkunan et al., 1989) °
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* 10~ RE R T RFét — A F 5 47 HoKAG 0 L3R 7 8478 B (mg/kg ) e R &
Table 10. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration
(mg/kg) of rice shoot in different treatments

Effect NAS§ Lime Compost
Cu NS NS NS
Zn skeskok skskk skeskok
CuxZn NS NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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(—) &tk E 0mg/kg

KA B R BT » RAnbEay 238 KAGHL LSRG EE A 28.6 + 3.1 me/ke
(B 14a)> H3b E3R P ey iR ER E4A09 A mm Lt > 2R Fl4A4 R RIZR %
REHRITE S% BAZKE o L RET 0 HwdA it 8T 30 ] KAG b L3R RIL
$ o ARMBPH HSLBAT > Admst 0 mg/kg &9 38 B v dR T 4R i KRRk (Luo
and Rimmer, 1995) -

W B R AnHERE S 0 B AR KAGH B3RP AR e IR B RE 4R a3 w 2Rk AR
TRZAMSE (BAELRIERT @ SASEEREME RE At LBEEE -
SLEERB I G R BRIERE » SR EYTF A IR G 3P ) AT ARAG e L3RR -
(=) HAmstiRE 200 mg/kg

AAe A B R B GG RIE > HwstiRE 200 mg/kg 69 L3 > BEEINRERARE T5
& 150 mg/kg > KiGH EE P4yt Bl 63.8+7.8 mgkg 4 A MmwE 932+£68
mg/kg & 109+ 7 mg/kg (B 14b)- Sarkunan et al. (1989) &9 4 F 885~ > s hedt 200
mg/kg B £3E > B hodA R 4T ASAER A4 5 Luo Fo Rimmer (1995) 89 51 K4 B 45
BEoT 0 AALN B — SRS A AvdR b ey £3F > FASN AR v G AR 1 R E BB Y -

WG R R IE s L3R ¥ ey TR A 5 R N 37.8- 73 mglkg
32.0-51.6 mg/kg- B R RIEAERIZT SRR E RS RFBF £ E(p>0.05)
Wb T 4o 0 6B R RMEIT - FhodriE 200 mg/kg 49 £38 > BEAS A wsA 75
& 150 mg/kg 3R FEAKAGH L IRBNMEE -

(2) HmstiRE 400 mg/kg

R B REIT > FiwdpRE 400 mgkg &9 13K » BB A0 75 & 150
mg/kg > KGR L3R P EreE B d 170 + 44 mg/kg 4513w E 192 + 47 mg/kg &
236+ 115 mgkg {2 R = MEE RS REBEZLE (p>0.05) (B 14c)>

FoR A HudR R @R ARG M LR RNEE o AR BP A B R ERT 0 As AR g AR HAG

57



70

(a)Zn 0

60 -
50
40
30 A

20 4

Zn concentration in shoot (mg/kg)

10 4

[ 1Zn0+Cu0
C1Zn0+Cu75
I Zn 0+ Cu 150

a
ﬂ
T

Lime Compost
Treatments
(b) Zn 200 120 [—1Zn200+Cu0
. 1 Zn200+ Cu 75
2 b I Zn 200 + Cu 150
S 100 4
=
g 80
S c
c
£ 1] . . @
S 604 a
s
= a
8 404 a
c
I}
(]
(=
N 20 4
0 T T T
NA Lime Compost
Treatments
400
Zn400+Cu0
_ 1 Zn400+Cu75
(c)Zn400 3 B Zn 400 + Cu 150
(o)) 4
é 300
ks
o a
<
[7] a
£
= 200 1
kel
2 a
c
3 a a
C
8 100 + a
= a
N a
0 T
NA Lime Compost
Treatments

14~ R E) B 32 FRE 2478 5 638 K AG 3 L3R & 422 B (mg/kg) #9441t (a) 4%

B 0mg/kg, (b) 4B E 200 mg/kg ,(c) 4B 400 mg/kg

Fig. 14. Zn concentration (mg/kg) of rice shoot with Cu addition in different treatments
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#2 % W 48 (Sarkunan et al., 1989) » KR & R HAn B oy & B T 57 BN KAG LA R
B BB SURK R Brifchoda s L3E > A TRe @ R A oRfo bty ER

W AR T bR 400 mg/kg 89 HIE - KAGH LS P AR E R A T14+
12.7 mg/kg > B AxhdriE . 75 s 150 mg/kg ZE 4% 400 mg/kg 69 38 > KFE 4 L3R
bErEy R 5 EFE 86.5 £23.5 mgkg B 94.8 £45.2 mg/kg c {23 ki M
#% (p>0.05)-

o R MR ey R IE > RAvEEE 400 mg/kg g £3E 0 BEINAEEE 75 K
150 mg/kg > KAG3b L3 P 42a)/RE L LA E 709 £44.0 mg/kg » 2L FIKE 33.2
+53 mgkg Bt MR IBA REBEE £ E(p>0.05) 436 AT 0@ =R R T 4o
REH BEA B RB] > AR IR AT i R 5] KRG LIRS -
=~ AR

ki 1l —BAFoHERTHFEF4 KA LR B HEIER IR ERME R
SR RFuBEN AR AR B AR R ERR FENEE (p>0.05) {22 8 HAGR T 4%
BRERABRBERVE - eRMGRE 7~ 8- AR IFR S SBEEVENS
P AR -
(—) &msERE 0 mg/kg

KA B RFI I > Ko s o 238 AR P EReIR A 49.8£15.7 mg/kg

(B 15a) BAmwsRE 75 & 150 mgkg - SR T4 a9 RE 2% A 40.6 £ 6.2

mg/kg #1 50+ 11 mg/kg > sSb=F4AERERERESRIF LBE LR (p>0.05)-

WA GRT » AR P A EE >3 % 37.3+55mgkg (Zn0+Cu0)~40.1 +
122 mg/kg (Zn0+Cu75) # 37.8+7.0mgkg (Zn0+Cul50) B % kiEdg% %
£ (p>0.05) s AR RIZ > Rfimseny 138 > BERIN AR RE 75 mgkg

AR P epey ik B 56.8+8.61 mgkg MIRE 52.7+10.7 mgkg (p>0.05) - # &
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% 11~ REARE TAse = BT o4 AR F 8558 B (me/kg ) 0 % 4
Table 11. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration
(mg/kg) of rice root in different treatments

Effect NAS§ Lime Compost
Cu NS *x NS
Zn skeskok skskk skeskok
Cu x Zn NS * NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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A pndRE B 150 mg/kg o AGAR T4 eI B 53.7 £ 5.3 mg/kg > Rk e RS L
5% BAEAKE - tEmE 0 AR RH - AL RIIER BT » BAIMAE
KA Ao SR o 2R 0 3R G i S RIRAR R ALY -

(=)&AstRE 200 mg/kg

AAmsEEE 200 mgkg 89 13 0 BESNASEE 75 K 150 mgkg o AR
b4y TR 5] A 250 - 281 mgrkg (a6 BCR AL ~ 140 - 183 mgkg (76
&R ) #2140 - 183 mg/kg (76 M kAe) (B 15b) - REKE - Fl— 48R E R M &
FHEEE (p>0.05) B FEAH KA LRI HmsERE 200 mgkg &
L3 BRSNRGRAE 75 K 150 mg/kg SR G AL S BIAGARBAMEE - R o
AT AT R KRR SR S04 05510 8 2.0 uM B> B E
Hp 4] ] AR 2R & J 4% (Brar and Sekhon, 1976) -

(Z)&AstRE 400 mg/kg

e P B BB e P B R~ i A SRR 6 & R AR i AmdE 400 mg/kg & £3E
BRSNAWERE 75 K 150 mg/kgit R &40 RApHl AR BUEE (B 15¢) &
Mo PR 2 BB F AR 400 me/kg #) 3R FGAR P AR A 528+ 130 mg/kg ¢
% BN AEIRA 75 R 150 mg/kg AGAR P 4E 69 R 5 B 577+ 53 mg/kg $1
462+ 133 mg/kg » L =AM RFIRSFRERIEMERE 5% BMELE -

R B R > Ahadti R 400 mgkg o L3 BAmsRL 75 K 150 mgkg o
AR b 43R E 380 & 76 m/kg 4y B IS E 328 + 70 mg/kg A 365 + 30 m/kg -
KL= ERIEM A R £ E (p>0.05)° s ARG E AT > AhoskEE 400
mg/kg 69 £3E 0 FGAR 4269 T3 B A0 247 - 284 mg/kg 0 LR ) 4R4% R B K TR P
bRESKITLE 5% BAEAKE -

m o~

LRAGRFu S AE BAE A SRR ~ KIS LSRR PENE R TERAREA
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B AE R SR A] > A Ao bR H AR S0 HIAE R RLEE A8 R B A Aa R B R § AR
MR IP B K BRAEE > AT AT e EE R H ARG SR P B ERE Ak
ko> KGR = AR o AABN SRR 75 % 150 mgkg #9130 B

4% 400 mg/kg GREMK FRREM T > FIABRFERER K FEERE - T
He i s  HARM B E LR BE K -

FAG - ARARETAFREEXEREY

FRAXMAEIME A 2011 £ 10 A > 2IRERARE » BFREFEE © A7
WO BREZEROEER ZRANBRREL  ERERABEFRGELR - E—F
M RREAR AN LR AR AER A RBIOFRE XL T RIKRER
#%2% (p>005)(HE 16) BARMMARTZRLEE - KAMkA ek FEE
— R RRE RS LI ARG RN T RRLE S BB RER 2R A
MR FRAEENEKREZR D A RKAKEZLHZBMELET - INAETR
FRlZE3E pH & (B 17) 8 HeM 6 ReyL3E » 13- pH ENH 651 -
7.06 KREERBZE SH KRR L B A (pH 4.85-5.78) #1356 F 3 e (pH 5.70 - 6.60)

RIE > Mk JE L L3 pH EAMNE > 2RFEGE4E RKILLRME
F+H AR AERAHFRAEREXILE

—HEFoMERET (R 12) AR REIGRIE 40 - 4% > fAfodrtiia
RECHMELEER QLS T - 2R BRE > 47~ 48~ Mfosregia 25 A R
AEHEFROERE RRAFREGEARFEUREERWSATGE - R H#H
Feth o 4 4 ARSI RLR R EF RO ERE 0 B AR R
XX TR

KA E BB GE AT ShosaEE 0mgkety 38 Biiwss 200 mgkg =

\

400 mg/kg > FHe G E s EdH 227 £ 047 g/pot H B E&E 1.16 £0.37 g/pot

M
P

2\2\7

1.92+0.76 g/pot (& 13)- e 4FEE 75 % 150 mg/kg #y £3E » BiFhuke 200
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Fig. 16. Dry weight of Bok Coy (g/pot ) in different treatments. Values represent mean
+ standard deviation (n = 4). Different letters within same each spiked Cu and

Zn treatment are significantly different after ANOVA and Tukey’s HSD at p =

0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost

addition ; 0, 75, 150 = spiked Cu concentration ; 0, 200, 400 = spiked Zn

concentration)
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17 ~ KA AL R FRIET £3% pH &
Fig. 17. Soil pH in different treatments after rice was harvested. Values represent mean
+ standard deviation (n = 4). Different letters within same each spiked Cu and

Zn treatment are significantly different after ANOVA and Tukey’s HSD at p =

0.05. (NA = no amendment ; Lime

concentration)
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& 12~ FERE TG R FoHFRE XL E(gpot) s &
Table 12. A two-way ANOVA analysis for the effect of Cu and Zn on the Bok Coy dry
weight (g/pot ) in different treatments

Effect NAS§ Lime Compost
Cu ek NS NS
Zn ok NS NS
Cu xZn * NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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400 mg/kg FAE G (L EREE 410038 o 2T EAE %o sbsl 5 3 TR E 0>
200 % 400 mg/kg ) £3E 0 FAR G L2 F I L8 ZRT FABS - BT -
AASARBEGEFROXEERD RADWFASREER FREOEH L ERIKA
SE S A 0.44+£0.19 glpot(RA AR E 75 mg/kg #14¢ 400 mg/kg) & 0.47
+£0.14 g/pot CGRAFhosmiEE 150 mg/kg $14% 400 mg/kg) o dh& R 88T k36 L
REIT » REMesASTEFREGEILERD -

WG R 0 R AER ~ AvdR 75 mg/kg KA hvdR 150 mgkg ey 13 0 B
oAl A AnsE 200 mg/kg K4E 400 mg/kg F AR B K 40 F 3 KRG 4% 093 o f FEAK o
KA HdE ~ Hhmsr 200 mg/kg K 4E 400 mg/kg &9 3 0 B o B ER SN AR 75
mg/kg % 150mg/kg > ARG (L ELREEAN I wm K- HARET » F12
BEZPFHELEENN 0.17-0.63 g/pot> BFFAREME REREZERZ (p>005)-
R R ERIER G R ERBM > FREEZZFHIENR 055 - 1.81
glpot BATAREE'E RERF LR (p>0.05) & RTHiE A B R &6 L
ToBE-—RRAMIASER G FROEAK -

F+—th - AARETFRARXPHABRE

REH B LR BMIE kA wsAey £3E(Cu0+Zn0~Cu0+2Zn200 2 Cu
0+Zn400 w9R¥E ) FAE G PR E SA7N 10mgkg (B 18)c 3T
75 & 150 mg/kg 14 > FAE G % PG R E I A o K R RN T AosR ey L3R 0 FAE
Bk VR TFHRERBRBENRER L RBIGRIE - A B RA| TR % EEF R
BETHGEE  BRUEERRERAERAGRORE > FRAELARRF R RE
FHe G ¥ BILRWLA -
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% 13~ RRRETRAfosEB LR HFRE RLE(pot ) B E

Table 13. The effect of Cu - Zn interaction on Bok Coy dry weight (g/pot)

Treatments§ NA Lime Compost
Cu0 Zn 0 2.27+£047 a# 0.63+0.39a 1.81 £0.65a
Zn 200 1.16 £0.37 cde 0.31+0.31a 1.16 £0.48 a
Zn400 1.92 +0.76 ab 045+023a 1.51 £0.50 a
Cu75 Zn0 1.65+0.57 abc 0.17+0.11a 1.79+0.67 a
Zn 200 1.26 £ 0.59 bed 0.40+034a 1.42+0.81a
Zn 400 044+0.19¢ 0.62+0.38a 1.25+0.50 a
Cul50 ZnoO 0.98 £ 0.30 cde 0.55+0.46 a 0.55+0.46 a
Zn 200 0.67 £ 0.30 de 0.35+0.12 a 1.43+093 a
Zn 400 047+0.14¢ 0.30+0.17 a 1.72+1.15a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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A& K& ; Compost = 3R ;075150 = FhesAig E (mgkg); 0~
200 ~ 400 = FhosiE B (mgkg))

Fig. 18. Cu concentration (mg/kg) of Bok Coy in different treatments. Values represent
mean + standard deviation (n = 4). Different letters within same each spiked
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 =
spiked Zn concentration (mg/kg ) )

69



FERBALRE > RAEAGRIE » FREG X FHEGRERKSER 10
mg/kg o % BEAI AR 75 mgkg & 150 mg/kg » FHE G %k VA REAARE 10
mg/kg o —ARER PR ERN A 4.64 mgkg (32F) (HEE, 191) KT8
PR R IERBRAABIIRE - A FARG X BEIM A LS Ky > ERTEBREST
WA Y A THIRIIBRR > M AKAEZTIEA IR LIERR > B LB RNDE
B KRS o SbINRF B 2011 £ 10 B 4T 0 shEARIZJLREARME > 10 A B
BrBEA 533 R (PRASA,2012) 0 RbE3BEUIE - £IAHLENE
AT ARG ERERENEETESGLE BMFREGERKKNEH - HREF (1991)
AR AN FEERES 25-30mgke > HBATRER T4 FHRGET

REXBAFET -
F+—f msgnztftAdiRaXTaANBE

KA B R BRI > 4 B AR E R A R P AEEABERE (X
14)° % B RO BRIL > 48 ~ A M EFR U E R A X PRV EEEDE - %
RBRGHELT » AEGRAHFREEXTHRNREERABRELE

— ~ HmiRRE 0 mgkg

+

KRR RB T RAmsAe L35 ARG X PHGREA 841 £ 226 mgkg -
BESN A hosE 200 K 400 mg/kg > FAE G ¥ PAAGEE » A A 695 £ 1.31 mg/kg
B 933 + 059mgkeg B3k BEE LR (B 192) - B ER%E > 5488 % P47
BT RENT 494-6.09mgkg s A& RERBHMAZHEELZE (p>0.05)-

RG> FARGE PR BEMESNE mmBEE TR - RikméAe L
o ERGE PAMERE A 841 + 226 mgkg » B uét 200 % 400 mg/kg 0 F

WA ¥ PEE A EIRE 579 + 034 mgkg & 6.50 + 0.67 mg/kg » H¥gik
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& 14~ RERETAFeE B F o H FRE X FRREmgke)HBE
Table 14. A two-way ANOVA analysis for the effect of Cu and Zn on the Cu

concentration (mg/kg) of Bok Coy in different treatments

Effect NAS Lime Compost
Cu skesksk skskk skeskok
/n ok ok NS *

Cu xZn ok * NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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Fig. 19. Cu concentration (mg/kg) of Bok Coy with Zn addition in different treatments
(a) Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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Gtk 5% BREKE > e REEEK PAER WS RN - GO EEREGEE
Tho o kAU RBREALER > Bt RePEERGE PAGRERE 22

e P ERE 0 H st R i F AR G FRUER o
=~ HmARE 75 mg/kg

kA RBGERLT > Améa 75 mgkg o9 £3E > HBApse 200 % 400
mgkg: Fr2 G E PREE S 257 + 1.5 mgkg » A HEKE 16.1 + 1.7 mgkg &
19.6 + 438 mg/kg » B E£E (p<0.05) 19b) > BT A s g4 dl F
AR RIS LBERAER o

R G RTF 0 Aciedr 75 mglkg by E3E 0 BEASNAAwsE 200 2 400 mg/kg o
AR Girhl FR A ERISF - ARG RAERERAARBOERAN > &
R T RFRG R PRANRE  FRGX PHNEED 202 + 1.4 mgkg(Cu
75+7Zn0) 4R BEZHEAE 9.00 + 1.51 mg/kg (Cu75+2Zn200) # 9.72 + 1.27
mg/kg (Cu75+Zn400) -

MITME 0 R RAET > Fhodr 75 mghkg 89 23 BiAosE 200 = 400
mg/kg GIpH FRE X RWE - HRATRABGUERTER  FEA BER G
RRMRE » FhmdR 75 mglkg oy 23E 0 BAERE 200 mg/kg @0 HIRE K Rl
4R AR 400 mgkg Al 4K R > Bk T o R dr H H ARG £
MoREWE (B 7) AARBMRE A B IR EKSRAFEGEZMA
R EH] e
=~ FomsARE 150 mg/kg

AR B RBI B E AT A hnsrEE 150 mg/kgey £3F 0 FHE G % PARIEE
% 453 + 982 mg/kg (B 19¢) > Hiimée 200 s 400 mgkg > H4E G % F4aeY
BRI BEEEIRE 28.7 + 9.52 mg/kg 1 26.7 + 291 mg/kg o &b 40 0 kik

B REIT > Aokt 200 s 400 mg/kg e Hph] 428 RBRUAR - R > RRBkE
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K ¥ SRR L G R EILE RABR 0 Ao st LR R RIS -

RBLIER B KRR AR R FREXTRREAADE - A B R
BRIE > FRA X PRGTFHRENN 147 - 255 mgkg» BRERBE£E (p>
0.05) 7 MAHEARRIE > F1 G % T FHREN 23.8-29.7 mgkeg » Bk
EBREER
Ft=th - FARETHFRGEL PESHRE

ke £32 (Cu0+Zn0-~Cu75+Zn0 $2Cul50+2Zn0) > 1 G ¥ ¥4+
by 3R AR 55 mg/kg (B 20) - BHah—ARd % ey P4 B 38.1 me/kg(¥:
F)REE 19 REAEBHRA BRI BME AR ENE I F2E
b Eray iR LEZ 3 o o

AR RBT » Aty £3E 0 FREGE T EGTFHRENT 223 - 751
mg/kg ° K EME > MR BANRInsEe) 138 > FR G X PR EBRNERE
RARBGRIE - AR THEEEREROXTHORE  RRAFREEE
FRARAE > BREFOBRKETH - AR 6 RIERTHRRFEG L F4EY
RE ERAETHOREMAN—RALTHERE - SRFEGEERA
S4B A 4 E B2 b & L3850 o Paugh et al. (2002) #14K%E (1991) 2741
HEHEME T FEEHIRAER > 100 mgke & 500 - 1500 mg/kg » #1 K7 B s R 4
B o PR ANRIET » F188 (234695 EmRAE o sbsh » Kabata-Pendias
#1 Pendias (2000) .35 H 458 B A 150 - 200 mg/kg @1 4E a0 R AF & > B %

BB A 100-500 mgkg » e A B @R 10% -
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Zn concentration in Bok Coy (mg/kg)

Fig. 20. Zn concentration (mg/kg) of Bok Coy in different treatments. Values represent
mean + standard deviation (n = 4). Different letters within same each spiked
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Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost
400 = spiked

addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200,

Zn concentration (mg/kg) )
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Riwth -z FRAHFTREEXTHUBE

—RFoHHFEEETHRENER(CK 15 " REAREHALRE
BECREVEIFORTHORE - RIEAXREBORIE > sAFfobtayta Z1EH
GHEBEROEPLNEE R G REEEL > AR EER N % o
— ~ HmsRE 0mg/kg

AR RET > Afhodre £38 > BEINHwEARE 75 & 150 mgkg -
ERA R PEGEESATHE 417 + 7.6 mgkg AL ZE 55.1 + 43 mgkg

AEREBRELE (p>005) (B 2la) &RETA0ALR GITERIPH F
Kbk P RS e B RILMERIL > RS mEre L3R B mEIRE 75 & 150
mgkg* AR ELRGRERIPH F RO L RUS - FRAEFPHNTFHEES
24.1-447mg/kg (G REF) ¥ 47.0-53.6 mgkg (ERRRIE) -
=~ HAesERE 200 mg/kg

WMIEME > REARECALGRIER > St ReBEFRaE Porayk
E@E 21b)e F4E G % b ey PR E B A 223 - 293 mg/kg (Ghae A 2 B A])
69.9 - 122 mg/kg (38 B &) Fo 140 - 204 mg/kg (AR ) > BB —4EEE RIE
R RZBEEEZR (p>0.05) SbERAMK FPERENEREL -BTAREA £
Mo R B KRR 0 AmsE 200 mg/kg &9 23E > BEAINAAHvdR 75 & 150 mg/kg o

SRR & ] AT F ARG E RIS o
= - FomskAE 400 mg/kg

KA B RBI ST AwstiR E 400 mgkg 69 3% BRWERRE 75 &
150 mg/kg » RBE EAAR@pH FR G LR (B 2lc) - A BERIEZ > FREE
gy RN 89.4- 146 mg/kg 0 RIERI R RE AL 5% BEEKE LA
Mheth > FA Gk Parey 3R AN 280-530mg/kg RIEM S kEBE £R -

SbsE RELRER PEERE W& RAAF -
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& 15~ RRRE TRAfosr — R F o4 F48 8 X ¥ 48R (mgkg )0y B &
Table 15. A two-way ANOVA analysis for the effect of Cu and Zn on the Zn

concentration (mg/kg) of Bok Coy in different treatments

Effect NAS Lime Compost
Cu otk NS NS
Zn skeskok skskk skeskok
Cu xZn ok NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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Fig. 21. Zn concentration (mg/kg) of Bok Coy with Cu addition in different treatments
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F+EH FARETFTLEFTERAMERE
— ~0.05M EDTA T 3 B4 fu 4

£/ 0.05MEDTA X AEIE & TEERMAGERER (B 22) FERE—R
RANAEASE R IE > A 4 R I BIKFEIR 0.05 M EDTA <] EBURRE - KM >
W R Hehetg 0 0.05 M EDTA T £ E4AMY R E RBREABE SN RER X REE G R
B R IR R e A MR T 0.05 M EDTA T X B4REE » AR & RHEATAL
F 48 F](Madejon et al., 2009; Zeng et al., 2011) - 5 F 3 AE4% 0.05 M EDTA ¥ 2 Bu4n
REH ey B BT A 0 005 M EDTA ZEEE T HEIRE BB A KE &
(Ure 1995) » A m A4F & &R E ) 0.05 M EDTA =T 3 B4R -

W B A A m sy £3E 0 0.05 M EDTA =] 3 B} 0 R B B8 % 187 R 6 A 2L
B A o 1236 G KA ThodAey £3E > 0.05 M EDTA ] 3£ B4R B 47 4 B8 2 1K
B b7 4048 8% 0.05 M EDTA +T 3 B4R » A B R 74K 0.05 M EDTA 7T 3%
BEREMRBRME - XFRRAA pH & $84£ pH E&H7 62 8> R %4&
4R ¥ 38 pH & R # R 84k (Cavallaro and McBride, 1978; Martinez and Motto,
2000) & F XEk3E & A ho A Mo 3 23R F A B8y B F 8 pH 14/\(Yoo and James,
2003) o AR ABE A B R A% 0 £3B pH {H4R 3 > SHeyE AR 1K - H 3 0.05 M EDTA
T 3R AF AR, o
= ~0.005M DTPA T % E4efuéh

B 0.005 M DTPA ] % B4R RTH R (B 23) FELE—FwRRE
AmsAFobEey 3B > 3B B R THEIK 0.005 M DTPA =T B4R BB » K Mmse A
R & R[5 4% 0.005 M DTPA T % BU4ReIEE » BE % DTPA €3I EEA MY
b4k 4T -

Wo Bl B AT gty 238 > 0.005 M DTPA =T 3 B éi 64 58 JE % BA 2 187 R 06 A

2 R & - Khan $2 Jones (2009) #F %56 & &K ~ #kBe ~ TR MEhBE — 4 B & T 4
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0.05 M EDTA extractable Cu
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standard deviation (n =




different after ANOVA and Tukey’s HSD at p = 0.05. (NA = no amendment ;
Lime = lime addition ; Compost = compost addition ; 0, 75, 150 = spiked Cu
concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) )
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Fig. 23. 0.005 M DTPA extractable Cu and Zn concentration (mg/kg) of different
treatments. Values represent mean + standard deviation (n = 4). Different
letters within same each spiked Cu and Zn treatment are significantly different
after ANOVA and Tukey’s HSD at p = 0.05. (NA = no amendment ; Lime =
lime addition ; Compost = compost addition ; 0, 75, 150 = spiked Cu
concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) )
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B EHERAARBZ AN SR BRET AL KRB 0.005
M DTPA =T 3B 9RE > R R AL KA gE ik % 485% (ZnCO3 ) » {E4F 8895 R
JE F M (Nriagu, 1984) « #54 0.005 M DTPA ] 3% B4R FubE e &5 3 » T hotB B it

BE » e A B & T [E4& 0.005 M DTPA = 3 B4R Fu ¥ o
= +0.01 M CaCl, T ZE4rFuéd

W B G R BRI e dREE 75 sk 150 mg/kg &4 L3 0 % T B8 % & 0.01
M CaCly =T 2 B4Ry R (B 24)° R4kt > 36 B R BN Fmbe) L3E > &
THAE FEMK 0.01 M CaCly 7T Bk ayiR E » RRTA A (1) 138 pH {H fLog BRAR
%1k N 3 > R E 4G Fug BRARIY A it (McBride, 1989) (2) & 4ax M4 E 4
BRRAE  EANLETH w LEBRG AT EME WL ERTFTRHESLE > %
I&E 4B 5 EMcBride et al. 1997) (3) AR EE 48 A - smAiAngi > Tat
by E 4B R 4% A (Alloway, 1995; Lee et al., 2004) - gb4; > 5 A e fefo G &
%o AFBTROBIMERGRARELELE  RHRRESE BELSLSERE
£5 K& (Bhattacharyya et al., 2006; Lee et al., 2009; Mohamed et al., 2010) > A72L 0.01 M
CaCl, =T 3 BRAR Fu 4% 0 JE JE IR, ©
eI S
HALCZHERBERIIE T TEREAMGGER > RETHEMAE (1) %A
& T M4& 0.05 M EDTA ~ 0.005 M DTPA & 0.01 M CaCl, 7 3 B ér v 438 &
Hob X R BRI ER R (2) %A T H4K 0.01 M CaCl, =T % BU4RR E
it 48 7% % %45 0.05 M EDTA~0.005 M DTPA  +] % B4R & - 3% F 3 Be ¥T 144K 0.05
M EDTA -~ 0.005 M DTPA & 0.01 M CaCl,*] 3 B4 E B - 4t M3 » WKL

Y b AT E AR AR R He B R BT IEAE o
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0.01 M CaCl, extractable Cu concentration (mg/kg)

0.01 M CaCl, extractable Zn concentration (mg/kg)
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Fig. 24. 0.01 M CaCl, extractable Cu and Zn concentration in different treatments.

Values represent mean + standard deviation (n = 4). Different letters within
same each spiked Cu and Zn treatment are significantly different after ANOVA
and Tukey’s HSD at p = 0.05. (NA = no amendment ; Lime = lime addition ;
Compost = compost addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ;

Spiked Cu and Zn concentration (mg/kg)

0, 200, 400 = spiked Zn concentration (mg/kg ) )
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FHAH -~ LETERENESZAAEIHR
—_— ng
(—) 0.05M EDTA T % B 4q

AR RE AL REEAREYRIE AT CEEBE 005 M
EDTA TTEE4ARE (& 16) kM X RE| 96 A B AR RIE > Afuétnnia
ZHER Y 0.05MEDTA TTEBSAREERHBELE -

KRR B RBIT » K& msRey £38 > 0.05 M EDTA =T 3 B4R R B 3 R % 4%
89 A ho B8 % E K FEAK 0 0.05 M EDTA =T 32 B4R 69 734 08 B A7 2.38 - 2.69 mg/kg

(& 17)- %M > FméAiBE 75 mg/kg &) 138 B EE 200 % 400 mg/kg
0.05 M EDTA =] ¥ E4AeyRE S L > 4R Ed 20.1 £ 0.6 mgkg 5 33w %
24.0+4.0 mg/kg & 27.7+ 1.0 mg/kg - 182 R K sk E 400 mg/kg 69k I B4
T EBEEER (p<0.05)° Geb™ 40 AR E 75 mgkg &9 £3E > R K Bl
bR 400 mg/kg » A #8412 0.05 M EDTA T B4R B R

FAodREE 150 mg/kg o9 £3E 0 BAwsEEE 200 3% 400 mgkg » 0.05 M
EDTA ] % BU4REEE 5% L E 528 +3.5mgkg & 524+ 1.1 mgkg > H4iE
PEAEEE (p<0.05) - &R 87 HhosABE 150 mgke #9238 » BERINHo
R E 200 = 400 mg/kg > H T4E# 0.05 M EDTA T X ERQIRE © A 45 K
MRt > KRR ~ AhsRiRE 75 & 150 mg/kg &9 38 0 5B AR mEE 200
mg/kg % 400 mgkg iR ¢42i 0.05M EDTA T % HBR4AYEE

(=) 0.005 M DTPA T % B 4q

sR4E —F 7% 0.005 M DTPA T 3 ER4REE ndrea & R~ (k 18) A%
HEEAERE (BRBIER) 484 AfusiehmaERA S e E 2% 0.005M
DTPA =] 3 ER4RE B » A AR LA T 4R ~ sRAv sy M EER S B2 2% 0.005

M DTPA ] % Bz 4R ;2 & (Sarkunan et al., 1989) »
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& 16~ RERIE TF4AF04 — R T 547 # 0.05 M EDTAT 3 B4R F (mg/kg )b %
o

Table 16. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.05 M EDTA

extractable Cu concentration (mg/kg) in different treatments

Effect NAS§ Lime Compost
Cu sksksk skskk skesksk
Zn skesksk % sksk

Cu xZn rodk NS *

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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% 17~ RAEEFET 0.05MEDTA T % 848 & (mg/kg)
Table 17. 0.05 M EDTA extractable Cu concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost
Cu0 Zn 0 2.38+0.18 e# 347+0.09 ¢ 3.80+0.25d
Zn 200 247+0.26¢ 323+022¢ 3.82+0.25d
Zn 400 2.69+0.13 ¢ 321+0.20¢ 4.59+0.11d
Cu75 ZnO 20.1+£0.6d 224+1.1b 28.1+2.7¢
Zn 200 24.0+4.0 cd 249+23Db 339+ 1.6¢
Zn 400 27.7+1.0c¢ 263+2.5b 30,1+ 1.7¢
Cul50 ZnoO 409+25b 452+ 14a 51.7£102b
Zn 200 528+35a 463+3.6a 66.2+44a
Zn 400 524+1.1a 508+55a 62.0+46a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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% 18~ RERIE F4AF0sE — R F 4547 % 0.005 M DTPA =] 3 B4R 78 B (mg/kg )44 %
4

Table 18. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.005 M

DTPA extractable Cu concentration (mg/kg) in different treatments

Effect NAS Lime Compost
Cu sksksk skskk skesksk
Zn sksk % sksk
Cu xZn * * Hokok

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.

88



kA BB T > 0.005 M DTPA <] 3 B4 ey EE » Al A 1.59 - 1.69
mg/kg ( K7 Audr )~ 15.6 - 20.3 mg/kg (A hudriR B 75 mg/kg) #1 25.6 - 31.5 mg/kg
(AmdA 150 mg/kgk  19)e b R BT KRR EHmwés R €42 A4 0.005
M DTPA T H#B4RR B © # Bl B RA& 6 & R 9L R0 R B R Bl 6 & AL o KifAv
A A AR 75 & 150 mg/kg oy L3 BEASNAEEEE 200 s 400 mg/kg
3R g4 R HpH] 0.005 M DTPA =T 22 B4R IR & © 0.005 M DTPA =T % B 47 44 -F- 34
BE BN 1.34 - 1.51 mg/kg( ki Apnsh )~ 15.1 - 16.8 mg/kg(FAnbA 75 mg/kg)
$2 22.6 - 26.2 mg/kg (FAusA 150 mg/kg) -

Flikay > W ABAT » FRE A B AR 38 > BESNAwE 200 K 400
mg/kg &R @4T i KApH 0.005 M DTPA ] £ E4FEE - RAEIAIET » 0.005 M
DTPA T % B4R 64 T3 B 5 %) & 1.63 - 1.78 mg/kg( k FAvdd )~20.2 - 21.1 mg/kg
(FhobrBE 75mglkg) B 27.9 -37.4 mg/kg (Fhasr 150 mg/kg) -

() 0.01 M CaCl, T %347

kAR RBIGEALT  Afost M ZER €BEEE 001 M CaCl, T HHR
SRR E(R 20)123e M A R LA dAfudr et ta ZAE A BRI R € %4 0.01 M CaCl,
o EBURRE

AR BB T kA husRey 138 B E 200 & 400 mg/kg 0 0.01 M
CaCl, T B4Ry -FHREN# 0.07-0.14 mg/kg > B b = f R M R 43t L
5% BEER (K 21) - &ERET KA WAGLIE > BAWEERERE 001M
CaCl, THERSAREE - KA —HHRAFET » RN EIEL > S &%
1& 0.01 M CaCl, +T % B4R ;8 & (Luo and Rimmer, 1995) -

R BRBT > AhodRiRE 75 mg/kg by £3% > R B HwsEiRE 400 mgkg

4reraEitiE 0.0l MCaCly, T EEBEREE » 4EE# 0.12+0.07 LHZ
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% 19~ REEFETF 0.005M DTPA = % B4R & (mg/kg)

Table 19. 0.005 M DTPA extractable Cu concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost
Cu0 Zn 0 1.69+0.06d # 1.51+0.03d 1.78 +£0.12d
Zn 200 1.65+0.06d 1.50+0.12d 1.78+£0.05d
Zn400 1.59+0.05d 1.34+0.11d 1.63+0.14d
Cu75 Zn0 156 +0.7 ¢ 152+08¢ 21.1+£2.0c¢
Zn 200 17.5+33¢ 15.1+1.2¢ 20.7+13¢c
Zn 400 203+ 1.6¢ 16.8+14c¢ 20.2+0.8 ¢
Cul50 ZnoO 25.6+3.0Db 226+1.3b 294+440b
Zn 200 31.5+38a 262+19a 374+3.1a
Zn 400 29.8+1.9ab 252 +2.1ab 279+1.1b

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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* 20~ AR RFETEFsE —R-F o4 H 0.01 M CaCl, 7 2 B4R /8 B (mg/kg )44 %
%

Table 20. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.01 M CaCl,

extractable Cu concentration (mg/kg) in different treatments

Effect NAS§ Lime Compost
Cu sksksk skskk skesksk
Zn skesksk % NS
Cu XZn ok NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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% 21~ REKRET 0.01 M CaCl, 7T B4 L B (mgke)
Table 21. 0.01 M CaCl, extractable Cu concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost

Cu0 Zn 0 0.07+0d# 0.12+0.02 ¢ 0.09+0.02 ¢
Zn 200 0.12+0.06d 0.10+0.03 ¢ 0.12+0.02 ¢
Zn400 0.14+0.04d 0.17 £0.04 abc 0.20 £ 0.06 bc

Cu75 Zn0O 0.12+0.07d 0.20 +0.21 abc 0.19£0.05 bc
Zn 200 0.18+0.07d 0.12+0.14 ¢ 0.19 £0.05 bc
Zn 400 043+0.13 ¢ 0.17 £ 0.07 abc 0.26 = 0.09 abc

Cul50 ZnoO 0.60+0.15¢ 0.18 = 0.04 abc 0.34+0.11 ab
Zn 200 1.02+0.32b 0.23+0.03 ab 0.35+0.05 ab
Zn 400 1.28+0.46 a 0.25+0.05a 041+0.12a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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0.43 £0.13 mg/kg ° Z 7 Awsh 150 mgkg £ 3% - AITBAEAE & F i wsE 200
400 mg/kg » £ @fti 0.01 M CaCly =T ISR  sb AW FEER - £ F X A v
&22 B A 400 mg/kg 8%>0.01 M CaCl, 9T % BR4RE B % & - Kim #v McBride (2009)
# Luo etal. (2001) #9#F % 4 R n 3887 > BiF st ¢4t 0.01 M CaCl, T 3%
B4R R 1 £ 3R ISR P ARRE o

WA B R MR AhesEd 0.01 M CaCl, =T 2 B4R IR 6942 &4 A RIH X -
o REHEERIEZT » KA~ RdRE 75 mgkg XA AR E 150 mg/kg #y
E3E 0 R BERSN A AwEEEE 200 3% 400 mg/kg > 0.01 M CaCl, T 3 B4mE K %
AESRF LBEER c oA B RRIERT 0 RAE LB FERRE AF 0 BEAS
AhokEit R €42 0.01 M CaCl, ] HEB4AEE -
=&

(—) 0.05 M EDTA T % # 4%

& 22 Troo RERFREARELRE > HwérgEHE 0.05SMEDTA =T
EEREEIRE o RAGF X R B HAE R ERE T o 4Afust e 4a ZAE A # 0.05 M EDTA =T
EREREABERE AN A 6 R RIT AFSHBLZFERARTEEE 0.05M
EDTA =T ZB4ER A -

SR BB BT » Rk~ HwseEE 200 mgkg % 400 mgkg 49+
B By Rl EsN A edR 75 mgkg & 150 mg/kg o AR LR €42 0.05M EDTA
THRIEE (R 23) %A BRREILT » Rifimss  HwstEE 200 mgkg &
400 mg/kg &y £3E > 5B BERSN AR wsAL AR 42 0.05 M EDTA = £ EREER L -
(=) 0.005 M DTPA T % B

SAsF — B T ¥ 0005 M DTPA T REBREREMNEREAT (K 24) FEH LR
R B RA At g @B 0.005 M DTPA THEERSRE - RAALAKRER KR

BB T > sAfudt ey B Z/E A ¥ 0.005 MDTPA TTHEREERBEEZLE 2

93



& 22 - AR RET4RFE B Fo4¥H 0.05MEDTA T % 84%E & (mg/ke )85 %
&

Table 22. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.05 M EDTA

extractable Zn concentration (mg/kg) in different treatments

Effect NAS§ Lime Compost
Cu NS NS *

Zn skesksk skskk skeskok
Cu xZn * NS ok

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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% 23~ AREEFET 0.05MEDTA T % B4k ;2 & (mg/kg)
Table 23. 0.05 M EDTA extractable Zn concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost
Zn 0 Cuo0 1.26 £ 0.82 d# 1.11£0.36d 540+£0.78 ¢
Cu75 0.92 £0.23 d 1.63+£0.13d 542+1.01e
Cu 150 0.68 £0.37d 0.71+0.11d 446+0.03 ¢
Zn200 Cu0 449+7.1c 45.1+4.0c 918+ 11.1¢c
Cu75 575+3.6b 43.0£1.6¢ 749+39d
Cu 150 62.1+2.40b 447+3.0c¢ 76.8+4.3 cd
Zn400 Cu0 145+ 15a 110+3 ab 143+12b
Cu75 140+3a 117+6a 163+8a
Cu 150 145+ 4 a 94.6+229b 138+5Db

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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% 24~ RERIAF LB F 547 % 0.005 M DTPA T 3 B 448 B (me/kg )69 %
a

Table 24. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.005 M

DTPA extractable Zn concentration (mg/kg) in different treatments

Effect NAS Lime Compost
Cu sksk skskk NS
Zn skesksk skskk skeskok
Cu xZn NS otk *

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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#& Sarkunan et al. (1989) 488 ~4RFuskey B ZAE A BAE FE 0.005 M DTPA ¥ &
BREE o

KRB RET » KAt ~ At 200 mg/kg #1400 mg/kg by 238 > 5 7]
BEEINA A 75 mgkg & 150 mgkg > KB E4AR @42 0.005M DTPA T 3%
1R (K 25)° R B REMMEIE > Bl R g/t 0.005 M DTPA T %
BEHRE
() 0.01 M CaCl, T % B 4

AR RBI G RIE > 4 - 4 dAfudr iR EEA R &% 0.01 M CaCl, 7T %
R BEESE MBI TE (K 26) & FomaT AR R4 % (Luo and Rimmer,
1995) - % F & R $13pets > sAfvstenta ZAE A # 0.01 M CaCl, =T ZEESEEE 8
BEANREAE (p>0.05)-

AR RBIT o Rifwsray £3E > BEASHIER 75 K 150 mg/kg > 0.01 M
CaCl, 7T # B T3 R B A7 031-0.50mgke > Bk EBE£E (p>0.05)&
27 ) A hudEiR B 200 mg/kg &) £3E 0 BRI AASRREE 75 & 150 mg/kg 0.01 M
CaCl, 7 % Bus¥dy 12.1 = 1.4 mg/kg #7588 % LF % 17.8 + 0.6 mgkg # 234 +
0.9 mg/kg' B =R IRIEME £ B (p>0.05) o Bk 69> A stk E 400 mg/kg
Wy E3E > BERINA SRR 75 K 150 mg/kg > 0.01 M CaCly T 2 4% 45y 5 B2 %
FFHE 62.1+0.7mgkg $1 69.8+2.5mg/kg o & R > FhodEEE 200 K 400
mg/kgty £3E » BERIN s EE 75 & 150 mg/kg % @42 0.01 M CaCl, T # B
538 (p<0.05)°Kim Fv McBride (2009) > Luo #» Rimmer (1995)8) & F 4. % 8
&0 A AvdR € 0.01 M CaCly 7 3 B4 o ghsh > Luo et al. (2001) #hHF 5 duds i >
I hodR @3 IR IR P ARG IR o

WP G A% Kb mete 13E 0 B wsEE 75 & 150 mg/kg 0.01 M CaCl,

TR FHEENN 026-029mgkeg » B=fRIFMHREIEEZER (p
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% 25~ RAREEFETF 0.005MDTPA = % B4 & (mg/kg)
Table 25. 0.005 M DTPA extractable Zn concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost
Zn 0 Cu0 0.77 £ 0.18 d# 0.78+0.10 ¢ 3.75+0.61d
Cu75 0.61 £0.02d 0.78+0.03 ¢ 3.12+0.20d
Cu 150 0.58+0.01d 0.78+0.02 ¢ 2.60+0.12d
Zn200 Cu0 413+1.5¢ 350+1.1c¢ 60.1+4.7b
Cu75 412+3.0c 325+ 1.1cd 502+28¢
Cu 150 48.6 4.6 ¢ 324+05d 52.8+29bc
Zn400 Cu0 125+ 8 ab 782+1.1b 113+10a
Cu75 118+3b 80.5+2.0b 117+3 a
Cu 150 127+5a 87.8+1.6a 116 £4a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’ HSD at p = 0.05.
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& 26~ FERE T4Afst —R-F 54 0.01 M CaCly T 3 H4%R A (mg/kg)ey %
w

Table 26. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.01 M CaCl,

extractable Zn concentration (mg/kg) in different treatments

Effect NAS§ Lime Compost
Cu *okk NS ok
Zn skesksk skskk skeskok
Cu XZn ok NS NS

NS : not significant.

* significance at the 0.05 probability levels.

** significance at the 0.01 probability levels.

*** significance at the 0.001 probability levels.

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition.
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% 27~ RERIET 0.01 M CaCl, 7T 34L& (mgke)
Table 27. 0.01 M CaCl, extractable Zn concentration (mg/kg) in different treatments

Treatments§ NA Lime Compost

Zn 0 Cu0 0.31+£0.04 g 0.26+0.03 ¢ 0.26 £0.03 ¢
Cu75 049+0.10 g 0.27+0.05¢ 0.27+0.02 ¢
Cu 150 0.48+£0.06 g 0.29+0.04 ¢ 0.33+0.02 ¢

Zn200 Cu0 12.1+14f 0.49 + 0.34 bc 1.28 £0.18 bc
Cu 75 178+ 0.6 ¢ 0.44+0.08 ¢ 1.78 +£0.15b
Cu 150 23.4+09d 0.45+0.09 ¢ 1.99+0.57b

Zn400 Cu0 555+193¢ 1.02+0.06 a 4.99+0.32a
Cu 75 62.1+0.7b 0.79 +£0.03 ab 5.60+1.27a
Cu 150 69.8+25a 0.78 £0.15 ab 6.18+0.53 a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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>0.05) ¢ AméEE B 200 3% 400 mg/kg vy L3 b A FAAER 0 0.01 M CaCl, 7] %%
BUAE 04 -39 B - B A 0.436 - 0.493 mg/kg (Fxhudii B 200 mg/kg) & 0.784 -
1.02 mg/kg (FshndeiERE 400 mg/kg) » B k2| #EE £ 8 (p>0.05) - 56 M s
WP B R G & RARAL 0 A msEE 0200 % 400 mgkg 6y £3E > BEESN AR
BE 75 % 150 mgkg » 43R @4LE RIPH] 0.01 M CaCly T HEAREYRE - 48
AR AL KRR > RE LR P ERE AT > B R 75 % 150 mg/kg
MR e 4Tk 0.01 M CaCl, T HE4EayEE -
F+-E6 ~ 138 b T EERGAR E R PR E & M4

kA vdA ey £3% > 0.05 M EDTA -~ 0.005 M DTPA 2 0.01 M CaCl, = 3 Bz 48 44
BB AR 4.12 mg/kg ~ 1.87 mg/kg & 0.268 mg/kg (B 25-30) B #E4E
A& 938 > 0.05 M EDTA ~ 0.005 M DTPA #2 0.01 M CaCl, ] % B4R B &
ME 2 3w o Ay dR 69 £ 38 0 9T BR8P 3R B 5 A 7 19.6 - 70.9 mg/kg (0.05 M
EDTA) (@ 25 $228)~14.3-41.1 mg/kg (0.005 M DTPA)E 26 $29) s 0.073
- 1.37 mg/kg (0.01 M CaCl, ) 27 1 30)c FEFBRE| LB ERER

#ERB K G 45 A B > 0.05 M EDTA #2 0.005 M DTPA T t3E P 48 %

S,

FHERE EEZRALMBHE LHEMESEERE R(Ure, 1995) - @ 0.01 M
CaCl, B ¥ B4 FRELBOEAIRIG > EEXLFEPFORTERT LMY E
&K -

AR RA ~ ALK BB ELT > 0.05 M EDTA ~ 0.005 M DTPA #
0.01 M CaCl, ¥] 3£ B4R IR B Sk 5k P 4R R e Aa Bt 8 (r &) SiEmad 4 (p<
0.05) (B 25-27) > Bt AREGEHT > TH 0.05MEDTA ~ 0.005 M DTPA £t
0.01 M CaCl, #E:3EH B MERRERTAMBHK TERGIRE - sboh > =B EIRFE|
BRI SRR LR PR r HARERAARE TRS @ ARABRRIE

R BEIERIE - THRRE A A%MA & RIHEE pH /A WARRE © A8
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SRS MGt EE o e SR AE 2L R L L3R P AR 6y O IR 0 BT B BRSRIR A
AR > HERM G RKERT > r ARKRER LR B -

0.05 MEDTA =] % BU4RREH ARG R PERES r A5 5 A 0.746(NA) -
0.707 (Lime ) A 0.813 (Compost ) B ¥4/ % £ % (B 28-30);0.005M DTPA
THEBRGRBEAFAEG R FIRRENr En 5 A 0.753 (NA) -~ 0.668 (Lime) &
0.781 (Compost) > B3R HE £ R o sk 4o KA K R ~ A B R K3
BeF > 0.05 M EDTA & 0.005 M DTPA <] 3 E4AEE T AR F G % Péa
R - WHERHBHRK r A4 > 0.05 M EDTA & 0.005 M DTPATE R F 48 & %
AR 6 R AR AR K P AR 2 0.01 M CaCl, THESEERER A E T
SR r EEARRAERTAERELEE  MARARRBIRERERET » %
ERBEEER (p<0.01)-

Hooda et al. (1997) 1% A va /& = B A FARD A ~ Sk R B4 BB 5 47 ~ 63~ 4%~
Gl gn ke ey > %3, 0.05M EDTA~0.005 M DTPA~1 M NH4NO; # 0.05 M CaCl,
RefARAEEE P E4 B ey > XL 0.05 M EDTA FERI% %4 - sbshDeAbreu et
al., 1996 &>~ Mehlich - 3 #2 DTPA M #Fa:8/ N4 ¥ 4844 JE F & 4% » Mehlich - 1
AITAR S PR RERME - ThERBFARMEBE T T4 B R ERRGIE » BR
AR AERE - RGBSR LIEE o
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25~ 0.05 M EDTA =T 3 B4R R & 9iie R FERRE 69 B4 () KRR R A (b)
¥R AKX (c) B3R (0~75-150 = FHAinsRRE ; 0~ 200400 = o
SEIRL)
Fig. 25. The relationship between Cu concentration in brown rice and 0.05 M EDTA
extractable Cu concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 = spiked
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n =
36)
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Fig. 26. The relationship between Cu concentration in brown rice and 0.005 M DTPA
extractable Cu concentration (a) NA (b) Lime (c) Compost (0, 75, 150 = spiked
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n =
36)
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The relationship between Cu concentration in brown rice and 0.01 M CacCl,
extractable Cu concentration (a) NA (b) Lime (c) Compost (0, 75, 150 = spiked
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n
=36)
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Fig. 28. The relationship between Cu concentration in Bok Coy and 0.05 M EDTA
extractable Cu concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 =
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration

(mg/kg) ) (n=36)
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Fig. 29. The relationship between Cu concentration in Bok Coy and 0.005 M DTPA
extractable Cu concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 =
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration

(mg/kg) ) (n=36)
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Fig. 30. The relationship between Cu concentration in Bok Coy and 0.01 M CacCl,
extractable Cu concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 = spiked
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n
=36)
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A~ L3R P T RERERE RS PR 8 M4

KA uy £3% > 7T IR 09 IR 5 4ER 6.10 mg/kg (0.05 M EDTA ) ~ 4.32
mg/kg (0.005 M DTPA) & 0.62 mg/kg (0.01 M CaCl,) (B 31-36)- &4 %
B o o BERE| B2 ALE B W X B o AAvdEE B o L3R > o FEEUEEE B H 5
77 38.4 - 170 mg/kg (0.05 M EDTA) (B 31 #1 34)~31.7-69.9 mg/kg (0.005 M
DTPA)( B 32 #1 35)% 0.214 - 73.0 mg/kg(0.01 M CaCl, )( B 33 £ 36)-EDTA
#1 DTPA T3 ERH 81 13% 4 44 H 42469 F 48 (Ure, 1995) > M 0.01 M CaCl, % F

ME A 0 R A 13E Rk @B AR a9 8T B 3% i R (McLaughlin et al., 2000) -

kA B RE T > 0.05 MEDTA ~ 0.01 M CaCl, #2 0.005 M DTPA =T 3 Ex 4% 78

Fﬂ

Faok P AR B AR BI85 A A 0.70340.693 & 0.69(p<0.001)( @ 31-34)-
Ve B REHERE 0 RB EZEERB 27T ERGRERMR TERERS REHR
St LEEEEARR - 4R ERER T4 KRB RBT @ b= ERB ST AN
TARMEKR P Era)IRE © AR MIEA B R R > sb =48 5 BB B R 38 A 78RR K
FERRY IR -

0.05 MEDTA T BB ENFR G X PR HMMAEA 0.826(NA) -
0.671 (Lime) #2 0.690 (Compost) (p<0.001) (& 34)-0.005 M DTPA # 0.01 M
CaCl, THEERSRELHFRORXFHREZRZEAAM (B 35-36) 1 A5 5]
£ 0.643 -0.827 (0.005 M DTPA) (p<0.001) & 0.711 - 0.745 (0.01 M CaCl, )
(p<0.001)e %87 > 0.05M EDTA ~ 0.01 M CaCl, $2 0.005 M DTPA =T 3
BEFREGTRANTARMAFRE R FTEWGRE - sbd » B E A AR R E M

FRAGEFHREM r AR AAMERAZRERB AR FREE X T8

REBRBAE
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Fig. 31. The relationship between Zn concentration in brown rice and 0.05 M EDTA
extractable Zn concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 =
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration

(mg/kg) ) (n=36)
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Fig. 32. The relationship between Zn concentration in brown rice and 0.005 M DTPA
extractable Zn concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 =
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration

(mg/kg) ) (n=36)
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Fig. 33. The relationship between Zn concentration in brown rice and 0.01 M CacCl,
extractable Zn concentration. (a) NA (b) Lime (¢) Compost (0, 75, 150 =
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration

(mg/kg) ) (n=36)
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Fig. 34. The relationship between Zn concentration in Bok Coy and 0.05 M EDTA
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spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration
(mg/kg) ) (n=36)
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Table 1. The effect of Cu - Zn interaction on the height of rice

Treatment§ NA Lime Compost
Cu0 Zn 0 104 £ 1 958 +4.7 106 £ 6
Zn 200 104 +£3 94.0+7.4 101 £6
Zn 400 104 £8 98.1 +6.1 92.1 +8.8
Cu75 ZnO0 106 £ 6 105+5 113 +4
Zn 200 96.6 £3.3 929+7.6 93.4+11.9
Zn 400 101 +£3 97.6+59 86.6 £12.6
Cul50 ZnoO 100 £6 98.0+7.0 95.3+9.6
Zn 200 98.8 +8.8 93.6 +4.4 86.4 £15.8
Zn 400 98.1 £16.7 101 £ 11 63.1+9.0

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 2. The effect of Cu - Zn interaction on the tiller number of rice

Treatment§ NA Lime Compost
Cu0 Zn 0 10.5+2.5 10.5+1.7 128+ 1.0
Zn 200 10.3+1.7 123+2.2 8.25+1.50
Zn 400 123+1.0 11.5+1.9 11.5+2.6
Cu75 ZnO0 11.8+0.5 11.8+1.0 10.8 £0.5
Zn 200 13.0+0.8 125+1.3 9.75+3.77
Zn 400 13.8+2.2 12.8+1.0 6.00+2.16
Cul50 ZnoO 120+14 125+1.3 8.50+1.29
Zn 200 133+1.5 11.8+1.7 6.75+2.63
Zn 400 120+29 10.8+1.5 4.75 £3.10

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 3. The effect of Cu - Zn interaction on the weight of rice shoot (g/pot)

Treatment§ NA Lime Compost
Cu0 Zn 0 27.5+4.96 244 +3.77 36.8 +1.32
Zn 200 29.1+7.11 24.9 +£3.40 25.9+£9.57
Zn400 28.5+6.91 249 +5.10 20.7 £5.35
Cu75 Zn0 31.9+4.59 29.0+1.44 32.9+4.06
Zn 200 26.8+2.05 28.9+4.45 16.9 +£4.95
Zn 400 26.5+4.33 32.4+3.06 10.8 +5.86
Cul50 ZnoO 28.6£1.10 23.1+3.05 24.6 £5.36
Zn 200 24.4+1.60 25.6 £4.97 11.5+£6.72
Zn 400 20.3 +£2.81 21.4+0.991 5.93 +4.59

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 4. The effect of Cu - Zn interaction on the weight of rice root (g/pot)

Treatment§ NA Lime Compost

Cu0 Zn 0 456+ 1.11 4.77 £1.38 5.32 +£0.742
Zn 200 4.79 +1.56 6.35+2.50 3.83 £1.58
Zn 400 4.39 £0.694 4.60 +1.50 3.61 £1.16

Cu75 ZnO0 6.57 £1.56 4.98 +£0.248 4.41 £0.761
Zn 200 5.02 £0.933 6.58 +1.46 2.73 £1.44
Zn 400 4.22 £0.925 5.18+1.47 1.41 £0.758

Cul50 ZnoO 4.97 £0.798 4.95+1.48 4.36 £0.486
Zn 200 3.82 £ 0.900 5.00 £1.33 1.05 £0.464
Zn 400 3.79 £ 0.949 2.89 £0.362 0.856 +0.750

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).
# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 5. The effect of Cu-Zn interaction on shoot Cu/ grain Cu in different treatments

Treatments§ Shoot Cu/grain Cu

Cu Zn NA Lime Compost

0 0 0.45 + 0.03 e# 0.65 + 0.17 e 0.59 £ 0.16b
200 0.533 £ 0.07 de 0.83 + 0.15de 0.72 £ 0.20b
400 0.75 + 0.08 de 0.99 + 0.38 cde 256 + 195a

75 0 1.46 + 0.66 abc 1.42 + 0.30 bed 0.87 £ 0.15ab
200 194 + 022 a 1.56 + 0.17 abc 2.10 £ 0.09 ab
400 1.14 + 0.24 bed 1.38 + 0.33 bed 0.96 + 0.24 ab

150 0 1.78 + 0.11a 220 + 0.21 a 1.63 + 0.51 ab
200 1.76 + 0.11 ab 1.84 + 0.32 ab 1.6 + 0.65 ab
400 1.07 + 0.19 cd 1.20 + 0.03 bede 1.00 £ 0.12 ab

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150

= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 6. The effect of Cu-Zn interaction on root Cu/ shoot Cu in different treatments

Treatments§ Root Cu/shoot Cu

Cu Zn NA Lime Compost

0 0 3.95 + 0.51 be# 271 + 0.45d 401 + 1.88d
200 3.73 + 0.25bc 258 £ 0.28d 557 £ 1.15cd
400 237 £ 0.65¢ 329 + 0.44d 3.72 £ 1.25d

75 0 3.92 + 1.37 bc 5.57 + 1.83 bed 9.89 £+ 136D
200 4.94 + 0.73 be 6.38 + 0.87 bed 6.85 + 1.15 bed
400 5.67 + 0.77 bc 491 £ 0.95bed 537 £ 0.80 cd

150 0 6.54 + 1.98 ab 8.37 + 1.66 abc 174 + 3.18a
200 6.67 + 1.49 ab 7.39 + 1.37 be 8.57 + 2.32bc
400 9.89 + 397a 12.6 + 478 a 6.87 + 2.18 bed

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 7. The effect of Cu - Zn interaction on shoot Zn/grain Zn in different treatments

Treatments§ Shoot Zn/ grain Zn

Zn Cu NA Lime Compost

0 0 0.86 £ 0.15c# 0.78 £+ 0.20d 0.68 £ 0.12b
75 099 + 021c 1.26 + 0.30 bed 0.78 + 0.12a
150 1.11 £ 0.22¢ 0.96 + 0.20 bed 0.61 + 0.07a

200 0 1.68 + 0.17 ¢ 094 + 0.21 cd 1.26 + 0.17 a
75 2.81 £ 0.29 be 1.00 £ 0.36 bed 0.74 £ 0.10a
150 2.63 + 0.33 bc 1.18 £ 0.30 bed 098 £ 0.52a

400 0 429 + 1.78 ab 1.99 + 0.36 ab 1.56 + 0.38a
75 424 + 1.09 ab 1.95 + 0.57 abc 1.65 £ 1.02a
150 553 + 236a 245 + 090 a 0.75 + 0.32a

§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.
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Table 8. The effect of Cu - Zn interaction on root Zn/ shoot Zn in different treatments

Treatments§ root Zn/shoot Zn

Zn Cu NA Lime Compost

0 0 1.73 + 0.42 cd# 145 £ 044 ¢ 2.53 + 0.33 be
75 1.24 + 0.15d 0.987 + 0.392 ¢ 209 + 0.73 ¢
150 146 + 0.35d 1.05 + 0.25¢ 2.29 + 0.30 be

200 0 426 + 0.78 a 491 + 0.62ab 3.60 + 0.85bc
75 2.68 + 0.33 bed 3.79 + 0.50 ab 494 + 0.23 bc
150 2.60 + 0.51 bed 3.07 + 0.60 be 3.87 £ 0.59 bc

400 0 324 + 1.02 ab 534 + 0.74a 430 + 0.77 be
75 3.13 + 0.72 abc 3.94 + 0.94 ab 506 £ 2.94b
150 2.18 + 0.67 bed 4.56 + 2.07 ab 861 + 144a

§ NA =no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150

= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg ).

# Values represent mean + standard deviation (n=4). Different letters within same

column are significantly different after ANOVA and Tukey’s HSD at p = 0.05.

139



(a)Cu0+Zn0

b)Cu75+Zn0

(©) Cul50+7Zn0 Mo

ME 3~ FERETHFREEGEEHE 27 REZAKREH (A Cu0+Zn0(b)Cu75+
Zn 0 (c) Cu 150 + Zn 0 (0, 75, 150 = FAushiE E (mg/kg); NA= kA

B ;Comp= MM ; Lime= 38 5 &)
Fig. 3-1. Pictures of Bok Coy in different treatments after 27 days (a) Cu 0 + Zn 0 (b)
Cu75+7Zn 0 (c) Cu 150+ Zn 0 (0, 75, 150 = spiked Cu concentration (mg/kg) ;

NA = no amendment ; Comp = compost addition ; Lime = lime addition)
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(d) Cu 0+ Zn 200

() Cu 75+ Zn 200

(f) Cu 150+ Zn 200 J /)

32 - FRRRETFTHFEEG (MM 27 R#EZAKEM (d) Cu+Zn 200 (e )Cu7s
+Zn200 (f) Cu 150 + Zn 200 (0. 75, 150 = FAusRE . (mg/kg) ; 0,200, 400
= FhodEiRE (mg/kg) ; NA=kRE M &L R & ; Comp = 5 F M ; Lime =
W A XK)

Fig. 3-2. Pictures of Bok Coy in different treatments after 27 days (d) Cu 0 + Zn 200 (e)
Cu 75 + Zn200 (f) Cu 150 + Zn 200 (0, 75, 150 = spiked Cu
concentration(mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ; NA =

no amendment ; Comp = compost addition ; Lime = lime addition
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(g) Cu0+Zn400

(h) Cu 75+ Zn 400

(i) Cu 150 + Zn 400

33-ARRETHREEA (MM 27 RiE2 A KEH (2) Cul+2Zn400 (h) Cu7s
+Zn 400 (i) Cu 150 + Zn 400 (0. 75, 150 = FAiwsAEE (mg/kg) ; 0, 200, 400
= FmsEiR E(mgkg) ; NA= kA2 kA ; Comp = % MAEAE ; Lime =
¥R B K)

Fig. 3-3. Pictures of Bok Coy in different treatments after 27 days (g) Cu 0 + Zn 400 (h)
Cu 75 + Zn 400 (i) Cu 150 + Zn 400 (0, 75, 150 = spiked Cu concentration
(mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ; NA = no amendment ;
Comp = compost addition ; Lime = lime addition
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