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Summary

This subject is to investigate the impacts of heavy metal (copper
) contaminationon soils and crops. To study soil copper infulence
on-growth of vegetables and rice, seven wide area agricultual soil
in Taiwan, latosol, sandstone-shale acid alluvial soil, slate alk-
line alluvial soil, sandstone-shale alkaline alluvial soil, Taiwan
clay, slate acid alluvial soil and schist alluvial soil are used as
materials. Thus, the critical toxic concentration of copper in various
soil sand its translocation within plants can be determined.

Seven kind soils for test were treated with 0, 20, 40, 80, 160
and 320 mgkg~* Cu individually. There were 4 replications in each
treatment. They were planted rape and rice on pots. The results
showed that the dry weight yield of rape was gradually reduced with
increasing added. The sandstone-shale acid alluvial soil was most
obviously influenced by copper, and slate acid alluvial soil the
next. When the yield of rape reduced 10%, the soil copper concen-
tration were diverse with various soil series from 8 to 27 mgkg-!Cu
¢ (extracted with 1M NH,OAc, pH4.5) or 27 to 37 mgkg~! Cu (extracted
with 0.1M HC1).

While copper amount applied over 160 mgkg-!, the dry matter yield
of rice reduced obviously. Taiwan clay soil cultivated rice was most
influenced by copper, and sand shale alkline alluvial soil the next.
When the yield of rice reduced 1095, the soil copper concentrations
were various with different soil series, with slate acid alluvial
soil 674 mgkg~!Cu exceptional, the extent is from 20 to 35 mgkg~!Cu
(extracted with 0.1M HCl).

The copper contents in several plant parts of rice are in the or-
der as followings: root> >stem and leaf>grain. The movement of
copper within rice was very slow, most of the copper was accumulated
in roots, and that in stem and leaf parts was minor. The copper con-
tent of leaf was less influenced by soil properties and had little
toxicity on animals and plants. But the movement of copper invege-
tables was faster than in rice. The leaf copper content of the rape
depended on pH» EC» and free aluminum oxides, and pH was the most
importaQt factor. So the leaf copper content of vegetables could
be moderately contralled as long as all the factors mentioned above
be ameliorated or controlled.

Key Words: critical concentration, accumulation and translocation
, 1M NH,OAc(pH4.5), 0.1M HCL
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EHZESRT, ARYHNENEERKLERE LHLETER, HS
HEHETREERNEAECERERG, RZRAZHEHBREDET (
Priced, 1972), s ANRE R, L EHEH, BHZEHRER, BEE
AT, HRBEDHEER, BROBBEMEBIEE A (MR, 1985
Vo BITIEEF, BRSNS EBCEBEOFEE BERFEEFE o Kofoed (1980)
il LB P EAR 20 mgKg™* B EMEEEFERES, B AMRS0 mgkg-?
BB BRD, BHFREE o R (1985) fsHEAHAMTHEES
EERIBER 80~150mgkg* (0.1M HC1 Hhi), ERFBEREEM A RME o
Purves (1985) 7RG, TEREEHMREE M LB, ¥ EDTA fh i sARH40

‘mgKg i, AR E M o

HAElfE 25 » sl AR TEME - BEMR T8 kB f-—-%
P ULRERBEARPHRZIGRARLEE (REE, 1975) , THETER LHEI5
e (ERB, 1977), BREMRERERLERE - EHN LBERBERZ,
THEEAR, EREESHRNERE, EMBEMZISERREERES
b, FERK, FARUEEIESND LB 08 W EEBEREL B
AL ~ MBS L MBS BETE L s FEWME LS
BMLELHELE, REESRARMEY RBEEE) EFZHE, ki
AR EYCEREETEE

- R T S

— AT B RENBECAEE 57

R RAZBEBK LEFAURE (BFEREER - SR K-
{5\%%‘ _r%hlﬁ%‘ }ﬁﬁ%'ﬂ]?ﬁﬁﬁ) (FE, 1969,1975; &, 1971,1976; lsir
1976,1979), ENMAEETERH L > AREBEAIE (THRMEENERF
S LB PR Kandiperox » R FE 5 1989) BF8#%; APILEVEEER

%9PFE £ ( HapludultsE Dystrochrepts )R /NATR; #ALEEKIREE

P FE - (Haplaquepts) BEEBR; EH2FP ESEMEME L (0difluv-
ents) BENR: SEMRHFEMREEN L (Fragiaqualfs) BAER: BEN
GRS BR PRI fE & (Haplaquepts) BNR: FITEES LR &M £ (udi
fluvents » ff » 1984) BEXRELFE L o
LB R £ (0-30cm), BAPZEMRE 2 om B H TR HES T L
MIELEE, SHERIINE—:
1.pHfE: +:7k = 1:1 (W/V) » 85—/ NeE7% B pHE I (McLean,1982) o
2. 58118 4787+ ASTM Bouyoucos scale FbiE &% (GeefrBauder,1986) o
3.8 4 U.S.D.A.7% (Gee Fll Bauder » 1986) o
SEBE: ik = 1:2 (WY) o AR - KE 1 R IR T
K, Pt » LlSuntey SC-17ATSEE M 3l % (Rhoades,1982) o
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17767 312 182.2
9620 234 0O

88.4 11960 104 31.1
81.8 23400 494 33.3

161%%
36.7

8.26
6.57
7.40

S5.EHE: EISEEME Lk ( Walkley-Black method ) (Nelson; Sommer 2 > l g C;; g
, 1982 ) o e o
6- MR T SR (CEC) MISCHRARMBRET (55 8~ 81~ #0) ¢ BBSRY: B8R 8 g
(1M NH,OAc » pH7.0) (Rhoades, 1982) o e E
7.8 HHEY s XS TE (Jackson s 1979) o #H l % § g
B.JFEks ~ 88 v SHBIE: B 29 £ 7][] 100 ml Tamm’s solution( 0.1M g = = ~ =
BELA 0.175M EEESE > pH 3.25) » B4 B ABKIES (~1000C) » 8 i | o o o
A& PR T IR R B E ss%ttéiﬁia%wampath{'1980) ° RN (o o
= AR =R
L LR RIS AL - 40 L HEVRANGA 20\ 40 8O\ 160+ e
320%5% - HATEEE > SEBEEHEMKLE 168 & » Hh— B8 TE RS A R 8
$048 - DUMEIRRIBABAE R LE - R AE M o S EAL AR Ty | o 0
Pt BESRREBYIRE > CBEIRERN_EY » HHXEH B g
’$%&i%%ﬁﬁﬁ’Wﬁwﬁaﬁﬁ%i9$’§ﬁ@£%’ﬁiﬁ 12—
Btk - BRIASEEMAR » SEME 1% (K5 #) o FILEFMATE s B
B 01 2 DR P 4 B2 P o — AR O AR B R BB AR 3 o #0 g
= BRI A R A e
FHEMERERT R L8 AR - B 2 om &#E o @wlzég %gmi
43 HT( HNO3-HC104=5:2» V/V ) FIFAAEZEEH ( 10:120.1MHCL; 10:1 27 1‘@(_’32;{
1M NH4OAc » pH4.5; 2:1Z 0.005M DTPA, pH7.3 F1 2:1ZZKEHK) (Brkk T‘g o
EHMEBRELR, 1972; Bakerf, 1982), S X TELBEARBEZN i VR

SHE & o BRI 70°C FAREERE, FIAME KRR BERIIES B
(B REZMEBERF, 1972;Tucker, 1974) , LIRFRIAEES IS
FILEFEE, KABER > TR B RN XZHEE o

B REH®H

— HHEMERZIEE

FLAFEFKRBERERE DR NEY, 23K BHEKEHYHED
A LBEFTHEY, BTERNEUATHER, CELBERET AR
m@’Ei&Q%EE%%%MﬁFEiéTﬂﬁﬁﬁﬁﬁ EEEBES
BN FLERNAEZRE, TESEBEFEFERNBER, 53808
W

l.gse: BEFREBK, MRED, ERFEL, BERNDERSKE, BEK
REEHEZRY, DRNECHEEMABENENMBHILOBREFHERBEE o
FH# 0 HIE AR EE 160 mgkg™*Cu DL kR, FLBPERNAXEY
REBEFNVE, MEEXEERD ABMMEIAACE, KRR EE
P L c AP EREMENFILARGYEZRE, LTHRERFILAX
AEEHBETHER, BN ELBPRIFEERK

2.7K%8: EHRINEREE 80 wgkg ™t Cu [l hWRE, SEHREE, S REE
B, BEFA, BT, REVETEREEFERMNE 28I
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matter H,O
(g9/kg)

Ak pH

(%)
9.4 36.6 54.0 10.1 4.7 0.02 0.09 0.95 0.53
f (@)
4.4 45,0 50.6 30.3 7.5 0.02 0.10 10.24 1.74 14.79
i+ (L)
#+(C)

M E B £ (sD)
P 8 4 (51L)

P kG £ (81C)

" Hh Texture

sand silt clay Organic 1:1
2.4 29.0 68.6 22.7 7.7 0.05 0.15 12.14 5.20 21.45

9.4 54.0 36.6 16.1 6.4 0.01 0.09 4.76 0.91

37 Fh B8 £ (sicL)

F*

Soil
2?}% 19.4 61.0 19.6 22.3 6.2 0.02 0.09 5.71’ 0.72

T B P R B B

Table 1. The physical and chemical properties of studied soils

(Bc)
(Lu)
(Np)
(an)
(TLa)
Ca)

FETB R

(

SEEFTFR 63.4 25.0 11.6 13.8 4.9 0.02 0.08 1.67 0.64
alluvial soil

FEWN% 33.4 48.0 18.6 14.5 7.7 0.02 0.11 11.90%'1.36

YR
PR

series

+

=t
=

[R%]
=
L
Sandstone and shale

%

F— ~ fE
Soil
Latosols

=
T
Schist

group
alkaline alluvial soil

(23

+
AL
B B
AL
Slate alkaline
alluvial soil
1 R
BEAE PR
Slate alkaline
alluvial soil
W H A
BRI -
Sandstone and shale
i
acid alluvial soil
L KRR
Taiwan clay (Tk)
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Table 2. Effect of copper on ralative yield of dry
matter in rape and rice , RIBEERD, BRERAFTHEAMEE, KYRSBENRET, %R
T snnE FS—. . FIERZIMEIRIET, FTERERE/NMOFR(FERMEK, 1981) c HETH
% WHEE TAEE NYUER AEUEEAEZIHERBRED - MALETEENKEIREERL SR
¥ (mgkg™t)  (9) (%) (9) (%) EXREEE L, XARDESBRMEMEL HRABERELIEERAERK
0 0.5, 100.0 23.5. 100.0 fIBRfR, HEEEEMPENEG.6 (RBEATHMZERAASSE) (FEL,
20 0.3, 57.7 22.54 95.6 1983), MEEM LHMRPER S, MEGHIEE, TBEABEERAK, HAR
AN ] gg g-gb gg.g %g-%a gg-g AR, BHE(CEREN (Eh) TR, pEft&E, MEFNSEE, BRABER
160 0.0y 7.7 9.6, 20.8 REBEHE o
320 0.0 0.0 1.6 6.8
=~ SRTE Y RE PN I IR S 1R 4 T
N 0 2.0, 100.0 26.34 100.0 1T A
PEE 20 0.6,  27.5 23.8, 90.2 B
g 40 0.1, 3.4 26.95 102.0 RS L EY BT RME =G - BMEEDAGMSE, EE
TPt 128 g-ic %g ﬁga 1;2-2 THANEEAEKEEENRZE  EEES TR BRI — R - X
320 0.00 0.5 2.00 i FULAXERFNAECERELEPRBMEZEMmEEMN (£=) » EEUE
- oo 7 — EMBEEEEEMM TR  REEFEERC » RELREBEND B EBERT
, -a . -la P BMEACEBRRE o FHINFREE 160 mgkg™* B ABAFLAXERZ
s B 3R e e, eas S RE 97 nokgl s W EEBMMMBE KT B 74 ngkg ! > HLEE L+
R 80 2.1a  82.9 12.5¢ 62.5 BEIARERREEZFERMBEMMmE M - HIRKEED » H43~59
oy owe 8220 Ll T3-S mgkg ! » WALEM —F » LIEHH LRD - RF 43 ngkg™t - HARRT
! RESR TMELRR AL AR o T R EHELIEEET » SMEELETRR
L .0 5.0 100.0 29.54 100.0 » X5 EHETRES EMNE - £l B PSR RIRM( Tirsch%
B G0 aor e 162 ssi 1979 ) SUBHAIURIER ( Barter, 1979 ) » RBAFHTE, HEETS
WL 80 4.15, 82.4 15.3. 51.8 FHZEMH - ERREBFNTILAXHMBEMBE T ZWE, EEKRKE
.0o  38.9 . . z : 2 o
g s e uh R R
0 3.5, 100.0 22.64 100.0 WEAEDESTERMNE= c KEXENBRIHE - ZEHRMED
& 28 Z'gb }kgg'z fg'gh gg-g HEORE ETHEMMEET, XERBVHZHAEE, BLHERATMER
T 80 3.8, 108.0  21.9, 97.2 ANE20~80 mokg™iCu {HRWMEIERERE R o EBERHRWE BRI -
160 1.9,  54.0 0.0 0.0 BREVIMSAE 2 EhNmgmMm » WEEMEE LEIRRMEEERAR o flin
320 0.84 6.7 0.0c 0.0 ¥ L EEVRINEA & 3280 mgkg™'Cu K » IREEHE » B & BAHEEIT5 mgkg™?
0 3.1a  100.0 22.5, 100.0 Cu» > EEBMEITE LFR HABMEHE > Fa i L > A
KA 20 3.6a 115.7 14.0 62.1 MM BETEL  SEBEEM LE 112 ngkg™! Cuo HLFEER +
WHE o0 270 m12  Isen, 833 B B 71550 BN 95005 LI T R B PSS, o 08 89
160 0.5, 17.0 14.1, 62.6 (FR ~ BEZE B3 Ky BR)RBMSAE E 5 MRl anR N R, BEZE £
320 0.1c 2.9 18.8ax 83.4 BRI MM, RS EFT M ELHIREZE I, M LBEERHMEH 0
0 4.7, 100.0 21.3, 100.0 mgkg~1Cu ¥ FE160 mgkg * Cu K, BHEHEFT{LILAIE 60.1%EE94.4%
20 4.6,  97.2 14.4yc 67.7 (CHEEM B TFHE), M L3 (K3 Bk X BK) RikHIsH
Nk 40 4.3, 91.3 16.8,, 78.8 BTG Z LL B RIBE A ISR & MBI E4d, B 40.9%W A E5.6% © 7R
oL 8 e WD e e FERMP B BIEAR N, KA RBAERE, & L RE BB MK DT
320 0.4¢ 9.2 3.34 15.5 LR AMER » RV E SRR B RE AU IRAR - R B RERRI AR R (| E 8RRk, 1985),
Tt LR T G 2 5 L 5 R K o | K L SR IS R E R BRI, ERRSME MiaEE, SE%ER
2.7 HHE R EE B R R/ NERESBEEE KE o
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Table 3. Copper contents of upper parts for rape and rice

on harvest

=3y

STINE X HX Rk BE EE N ]

mgkg~*
0 8.5 4.55 5.64  4.48  8.37  13.1
20 55.9 8.05 10.57  8.82 19.78  88.3
OB 40 70.5 7.63 10.01  7.99 20.00 298.8
80 77.0 6.90 8.86  6.54 12.50 375.0
160 96.6 4.94 -— 5.39  8.00 450.0
320 234.3 6.44 -— 6.86 13.50 1192.0
0 7.6 5.07 6.55 5.39  8.36  33.0
WHEE 20 18.0 8.05 10.57  6.51 16.23 131.0
e 40 24.6 7.00 - 9.17  7.00  8.00 297.5
i+ 80 66.9 5.60 6.37  6.09 14.50 209.0
160 73.8 4.69  6.02  5.74 12.00 400.0
320 — 4.62 -— 3.92 14.00 1862.0
0 9.0 4.31 4.13  2.80 5.58  23.8
KERR S 20 16.6 5.25  6.37 4.97 10.14  63.8
Wi 40 30.7 4.38  5.53  4.62  8.00  75.3
whiE+ 80 37.5 5.43 -— 4.90 12.00 150.0
160 58.2 5.53 -— 5.39' 14.50 370.0
320 75.1 3.36 ——  14.00 41.00 1268.0
0 8.0 2.35  3.12  2.42  4.06  18.0
WEE 20 11.8 3.81  5.11  3.50  6.09  57.0
gl 40 18.9 4.62  6.44  4.27  9.50 137.0
whig+ 80 40.0 4.69  6.09  4.83 10.50 228.0
160 51.8 5.60 -— 6.23 18.00 528.4
320 80.7 -— — — — -
0 7.1 3.92  4.69  2.87 5.58  17.0
20 10.4 4.62  6.23  3.43  8.11  55.0
& # 40 13.7 6.02 7.77  5.53 11.00  78.0
i+ 80 30.3 6.30 7.91  5.32 11.00 112.0
160 43.6 e — - - -
320 68.6 - -— — - -—
0 11.1 4.55  4.94  4.90  7.52  22.6
fEH 20 19.9 4.90 7.63  3.64 14.20 104.3
BME 40 26.5 5.25  6.79  5.74 12.00 120.0
whi+ 80 43.0 5.78  6.86  7.07 18.00 153.0
160 -~ 49.4 7.84 10.92  7.42 28.50 554.0
320 76.0 7.70  8.40  7.70. 20.50 608.0
0 9.5 4.62 5.74  4.27  8.11  50.0
_ 20 16.1 6.16 5.88  4.69  9.13 105.5
=40 24.6 4.97 6.51  4.34  9.50 155.6
it 80 43.0 4.83  5.67  4.41  9.50 209.0
160 56.1 6.37 - 6.30 . 15.00 840.0
320 83.3 _— -— - - 1361.0

- BRI BB A D R 5547 o
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L EIE AR D o LI LBRIMAREE 80 ngkg ! CulSfil , SHIEATEHE
HMERMENERRNNEFBER (GRRKERNSS%) >>KE(6%) >

BY(2.6%)> KK (1.8%)> AKX (1.5%) o TRESBRAAKBEENBE
Hi1g > Mk oMU THBNBEEREEZ, MEXRZ, R EtENBRRED,

WRESBEEBEARD, HABRRTERNBER ] c AR ZFRN, 758

BT, FLAXRLETECHEONEHEBRBEESRS, T RH
EEFTOEMBEETOBH AR REEES ERTZHTNERS
BHAMMH ABERT AN ETERERX o

SN FHEARNER/EMEE REYHEEE E 2R

1.3

RBARKFTOXKBE R SRBEMEMER R, SILEHREKRZ
EEASEIEPHRFAGTNETER SR ESANELBENY A58
WL, REBMCE BN L o ERINEIEE 160 ngkg™tCust Ll LB 5 BR
WA RET R RS 0 R EBEIT AR AN ERSBESBLT, iR
HEt B2 BEE KEE o

ELIEYAE M (Bloavailability )& &, EAR BN ZEWER
'Iﬁ, EE 0.1M HC1 - 1M NH,OAc(pH4.5) ~ 0.005M DTPA (pH7.3)$ﬂ dist.H;0
AR LS B MEE Y E B MBI RHER 2 AR ANMIERR, HRLL 1M
NH,OAc ] 0.1M HCIENN+BIMHAE ERT I AR Y EE BB HTFHE
1% RREE/K¥#E o f T FI0.1M HC1EY 1M NH,OAc(pH4.5) 19L& B #
MHEES L EWE MM o filM NH.OAc(pHA.5) F 0.1MHECL ZEHUH K
+EASE (x AR THEZEFIAFEZYE (y ) ZHHETHERN (y=a+t
b x) kBmES, HRBERIXTRESIHEZERERD 10 20 505K %
+HETRBEmMES, EEERDI0%F150% B, 1M NHOACE HY [ A 5C#
K E 8~27 £ 40~134 mgkg™iCu, M 0.1M HCL ZHEY 7 BAW[ AR &
£20~37 B 100~181 mgkg ! Cuo LIFEIODBHEMNBEREETERE
=T %L 1M NH.OAc (pHA.5)EEN BT HHE » HEMNEREFEE
: BEEMBRABEMME LS 7~10 ngkg Cu ; FIHE ~ B EEERMEITE
+ N BEE S 15~20 mgkg™iCu; FAEBMEMBE LA EWNELA 24
~27 mgkg~*Cuo

2. 7K FS

SHABZLEBEYENEN, AEBHREABEIEMEER LERE
HMETBNAGNENR  SIREFANEEEN L, EXBY REREW
Mt o HEAVRIMEE160 mgkg™! Cu LI HBF » BRYGIE B R B E T
g\ > HepHHAKEZ AN EE REBRERBLT, ERBgEr a8 LA
HHEEBREPELISERE, EEME MEMRANGRMEET, BXESE
RIS SR s, HMAB LB EEREBREOLLT, LHLEE
MR s BEESBEPE I ARERMEE L RRRE, REML - H
W REA RS RER, SERMEEL0 ngkg tCuly, FILARXRMAKBER
HERESWE, EREREMNERAZEEMEEMES, EPLpaRER
HERTF o
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F IO ~ kS & E o i RE IR SR & & 19 o A EE A5

(LB L BT E)

Table 4. The sequence for the distribution rates

of copper in rice

+ 3 25 H48 43 HiE Y o] & = ) el EL Bl
gARINE BK REK i RE - AR
(mgkg™*) (%)

0. 5.8 6.9 9.8 17.5 60.1
20 3.0 4.6 4.7 10.7 77.1
40 2.0 '2.6 3.5 6.8 85.3
80 1.5 1.8 2.6 6.0 88.0

160 1.0 1.2 1.2 3.0

92.6

FH o~ FEEEX Y -8R & AR E & KB R

Table 5. The Relation between extractable copper of soil

_and crop yield

O OH a b r

0.1M HC1 3.01 ~0.01 0.b5#**
%ﬁ%ﬁ 1M NH,OAC 2.96 -0.02 0.58#*

0.005M DTPA 2.84 -0.01 0.48%*

Dist H;0 2.31 -0.12 0.30*

0.1M HC1 22 .54 -0.08 0.81#*
KRG 1M NH4O0Ac 21.10 -0.10 0.76**
(%%%)  0.005M DTPA  21.34  -0.12  0,74"*

Dist H,0 17.23 -1.20 0.41*

=a+bx

AKFELL0. 1M HCLALEY 4 38 v ) S 2 B2 82 %) 2 B AHBA & 4F - BhHF &R0, 1M
HCIRESAH KBNS, RREVERE, KEF LB ABEHEZ(Y)
ER0.1M HCLERX MM LB AMHAE & (x ) ZHARTHERN (y=atbx
) kEBWEL, HEBERTRGKEERRDL0 20 S0%8FE LR LK
BERNEL, WRDI0M20%B 2 ERBESTHIR 20~674 £ 41~1348
mgkg™*Cu o ZHHBKTEHELIO ZBREE (LI0.1M HCIER ZBEE):
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FA N AEERES LB TIM NH,OAc(pH4.5) £20. 1M HCLHh M 3 & W g 3E#z

E:f- 2

Table 6. Effect of dry matter of rape on ertractable copper of 1M
NH,OAc(pH4.5) and 0.1 M HCl in major Taiwan arable soils

EEERAD10~ 20 S0%KEZ B

+ 15 10%  20%  50% a b r ®
mgkg~* (30, SER/HE)
1M NH,OAcHh ! &

T % 18.0  36.0  90.0  0.36  -0.002 0.71*
B E AR BRI 7.9 15.8  39.5  0.79  -0.010 0.26
¥R SRR+ 26.8  53.6  134.0  2.68  -0.010 0.86"
WEERMEMEE 15.4 30.9  77.2  4.63  -0.030 0.95**

b K+ 20.0  40.0  99.8  3.99  -0.020 0.84%**
KR A BRI 1 9.6 19.2  48.0  3.84  -0.040 0.92%*

B oo+ 24.5  49.0 122.5  4.90  -0.020 0.97**
0.1M HC1Hh K &

4T it ] 21.6  43.2 108.0  0.37  -0.002 0.74*
WEEEMRE 20,0 40.0 100.0  0.82  -0.004 0.27
MRS ER bR+ 36.2  72.4 181.0  2.75  -0.008 0.85*
WEESMEE LY 27.3 54.6  136.5  4.67  =0.017  0.94%*

& &+ 28.2  56.4 141.0  4.23  -0.015 0.86"*
phASSEs R+ 21.8  43.6  109.0  3.73  -0.017  0.85%*

B o o+ 32.3  64.6 161.5  5.13  -0.016 0.96"*
=a+bx

2t OBIEESLED0.1M HCLH AW ATERREE L HE
Table 7. Effect of dry matter of rice on ertractable copper of

0.1 M HC1l in major Taiwan arable soils

ERRED10 20~ 5051 2B

+ <3 109%  20%  50% a b r?
mgkg~* (%0, 58k/7)
0.1M HClH! &

T 15 23.4  46.8 117.0 25.05  -0.107 0.92%*
WESEME 4 27.1 54.2  135.5 28.96  -0.107  0.88%*
PRI ERMETREE 32.5 65.0  162.5 18.70  -0.058  0.76*
WESBEEE 22.2  44.4  111.0  23.15  -0.104  0.83%*

& K+ 20.5  41.0 102.5 22.46  -0.110 0.78*
FEAR S ER MR 673.9 1347.8 3369.5 17.52  -0.003  0.00

B EmE L 35.3  70.6 176.5 19.86  -0.056 0.86"*
=a+bx
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BENL pEEREYELS 8 DEEBEE LS 20~27 mgkg!
Cu; FHUERMEMPELAMF AWM E LA 32~35 mgkg™* Cu ; FiiRAEHMEM
1B 674 mgkg iCuo

WO~ +EMEHERRKEEE 2

L ELEFRHENANEXNABERF 2R T BE T A ELRMG, BE
HEEEEMERSHEREZEMN, EdRIBHETRERSHERR
o Rl R R/~ BREREE - S8 ~ AHY - BRI E R EH
S HEAMEREZ I BEEZHE SRR, RIBERSEESEN, BEA
MELARMEEER LEOWR - s I st S LR IEFERR - {BERRY
FINpHNEC( HEE )~ 0.M.( FHY ) tatal base( BEEMFH ) » JiEk
SRR SR S AL BAERE 0 Hh REpHE 1% MREEE K, HERTEM
HhUpHEEHIFLERERHASENTER T, pH{E, ERHEERS
o MRS WHFTBRAFHNEFLALEFFERE y =110.52 — 21.13 pH+
0.06 EC(ps/cm)+ 0.08 Al(mgkg™*) o E-LFELBMEREZFILAXENH
S 2 EZpH ECRIN B SR E L B2 E, HohDpHGREE, HMEEBEENKRR
ERPEHIEL R F o BIZER A ER & B v 38 3 Hh g el o

A BRFKBERFE R LIEMEE ZHRME
(LEEFHINEAB0 mgkg™* BF)
Table 8. The relation between copper content of
floiage on rape and rice and soil

properties

bt ERINEE2 K8

B A ER#HE ERRE
mgkg~!

sand(%) 0.422 0.100*
Silt(%) 0.013 ~0.089
Clay(%) -0.464 ~0.049%*

pH ~0.935%* ~0.341%*
EC(uS/cm) -0.821 -0.530*
0.M.(%) -0.718 -0.321
total base -0.867 -0.448*
(cmol/kg)
3 EtFe(mgkg~*) =-0.167 -0.304
Je8EMn (mgkg™t)  0.407 0.257
JiEEAL (mgkg™t) -0.209 -0.384
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2.7k 75

RTEIE R S B L B MV RO RL RN B SR S L R IEAE B - {HERID KT » %
i » pH » EC » O.M. » base » 1B 88 (LR £ HE B o 3 Fi A R 3E 15 S22 1)
ZHEEEHENy = 0.48 + 0.16 sand(%) + 0.27 clay(%) + 7.40
pH — 0.03 EC(ps/cm) — 1.2 base(cmol/kg) o MBI ABEH ARG ES+
ﬁmswmchwpmac&bwe%%,%%@%mé,@ﬁm%%&%
FEO.5LUT, MTRERSAEARBHMANNBEERD » RSBEERLE
DEE BRI - AERINS &M - %H‘E’J%ﬂ 8K ﬁﬁi*%"“%}#ﬁ?
R HE M EBE S o

FERCE T ER IV E R HEIOS ZEREERRE R
@T
) SANEMNEETRE, BB EDBETAMAREZRE, & LEEm
SR E 80 mgkg 'Custbl LBE, fEMERRMBEEL, EERBRE - S8HE
FhE, LM pHEIE, REHBE o ZHAKEE, BiZABRGEHEZ
PHiZ &, FSPHZ M ERE - EXFHFE VUL EED EEBENE 12
EFERK» REBEZRNMNNEFKR B B A8 > 5 RSB
MI>HESBRENELIS>IE> 8> KBS L > BIREBR YT
HHEL c EABAFHAUMUERSENTEENABRERSE » K12 K
BMREEERDEFRKREAEM I > ESBRENE I >TE>WE
EBRENE LS EIRERERE > P ENE T > RSB L o

(2) . LA:4ETRIN 80 mgkg~* Cu B, AIEHYMBEBIREE L ANEES

TRIR( (G5RIRE 1188% ) > > K (6.0%) > Bk (2.7%) >Rk (1.8
%)>HBK(1.5%), SAEKBENNBERE, SEYERNSEE
o BENEBLBEMNBEERR, HEHFELEE KA

(3) - HLBMEE EEEMEMER 2RSS, EREFHE LI 1M NHLOAc
(pHA.5)F10.1M HCIE HAER R, M KFALL 0.1M HCLE S {EZE A o
EHRFEEERADL0 20 509% B, 1M NH.OAc (pH4.5)ZEEY 1158 3¢ i
PSR E 4 RIS 8~27 15~54 ~ 40~134mgkg~1Cu ; 0.1M HC1ZHY +
HHEEFTA SIS E 20~37 « 40~73~ 100~181 mgkg™!Cu o 2 7Kk 5
FEERD 10~ 20~50 % B, 0.1M HCL ZEHY + 158 (Y S0 B R b AR 2
M L4 RIS 674~ 1347~ 3369 mgkg~*Cu 4}, HerTEERAEL0 20
 509%08E, 0.1M HCIZEEY I EL O] A MRS RIE 20~36~ 41~71 ~ 102~
177 mgkg~*Cuo

(4) . CHEIBERZFILAEERFE F 2o ECHliGE R G b pEse, H
HFLUPHRER, MEREENRBEREHERRTF » MEFFOEE MR
I E AR o M/AKMEHEETMNREAS REERL, BHIIKENL
SY, MERFNEEEEN R T EMEMNEZE
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