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Heavy metal pollution and tree growth IV

——Effect of excessive Cu treatment on mineral
concentration and water content of one-year-old
seedlings of Pinus Thunbergii——

Makoto ANDO
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P Co L & h 12 MAEE S v < Vi OFPEBROBEITE B & FEUKE O REEZELL 2~
Too REGICHLE X e CuCle FEIR QWML 0, 40, 120, 260, 430ppmTdH -7, FHROMETL,
1 MU B EE Cu g (ANEEY v T = v & pHT. 0 HhH) & TR ANE Cu 3
% (0. 1IN HEERAhH Cu 2> 5 EHLE Cu 235 LB [0 b @) 13 & & BB A ST 208, K
TRIEFIRABENKE L, OB TORMBHLEIZDITNL 5 Th b,

2) MMARBOEKEE 6 A» 5 8 it kyx WAL, 8 BB Hr b d s, Cu il
e b SAKENZIETRL, TOMEE, 6, THOBRKEIHSHTH S, o7, 8 D
KRG MR ¢, R RERSEE I TIET U,

3) MRS v v v OBENWEOBEMB LI ZhENOENICL > T 5, K, Mg, P,
Fe 3 AEEWAIICE <, TOBICT URET 5 B A 50, PidAEEINE R o kv
KB R B, Caldh b iy Sz b AL, BRI LRY 5, FHHEEH
OB — IO L, B TIRZEDIREBE W,

4) MR B IR O I BT Cuic & » TIRT T %o, X0 Ca, PTHRLIPS T Fe
TRIEE A EABNEV, BYEINTIRS & CHEA O X,

5) REEROERE K, Ca, Mg i Coliilic & h{ETFL, Kickh~ Ca, Mg ~DfH8Hs
KEU,

1. 3 b ®» i

BRIEREDOTRINC & 2 YA O RTIE « AKDBEANOLHICONTREA 2 POCSET
L8 WL DDDOPEMSFTRbNT 120, ZOHRTHEE? FHEEIRIC L 3 YO FIEORERD O
£ UT FeOWINMIEE NS C & RIEHL TV A, FhRTNTORYPRETA LN
BEBPLBOWABOL D TH B, WTFIICL T BBBOWRMAHEY O APIRHHC B d 55§ -
AROPENCEAL R b 1B LT, XRORMRE LTBDN AR E > TREE TR TH 5,
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BRI & B G O A 2 RIS 23S E TR WL DA SN TW A0, 1§
2 DT, B O>WT Y 5 cvr—ﬁmmww LT H A 5 I S TICM B s v v

IZAEICu IR L 2RO AEBHE IS 0T, RBIUEK E Y OIEN 52>, fimkN® Cu il
JEEEY . Z UCHEE, R E Z0H ‘(V.@.u,l,l’ﬂ& L oW THE LT 5, SRy

T, FYEPORE « KR B> Wl e OO F THU b,

AWESE % i3 212 T b MRS EERIR R B2, SRIP R e aie b b
TR NN, AR AN ISR W T O b 120, AR RESR T B
AN AN ST T D0, BETEITRENC 1 & N MR R SeAE, AR IR i
U cE B onicidnis, S CRHBUTHRHOBEREL I,

2. Bk Lot

FRRHE AR AR R IR TR A GRS AR TEEANT) 1238 T 1/6000a @ v &7
F =Ry pRAVT, 19754E5 A 511 h T THEEE U MEE Y o2 o S Td 5, BEL
EN=TF a5 A N RARIETL LCRY S DRSO 2y MTAN, 4 A14H 1 £ OfiLE
TR % F T B BRSO Cu MLHE BT/ - foo MR O UIYIZMER 1 (EALEE) — 0 ppm, 4L
M 2 —40ppm, YL 3 —120ppm, HWLH 4 —260ppm, WLHHS5 —430ppmThBH, 5 H2H I n e
Mip2iEs, 1028 TH30H o &ic 6 [EfMAORE 2L LIz, #hzhe, 7, 8, 9,
10, 11HME & LR OO TRR A, F 7o U o 183 TR Z Unvic s, AT
IO s B O I, K 21T - 12, JURHEZ 100085/~ 4 # 2 o & 2 ¥R 100~250¢c % fi
WT 4 HB0EL D 6, T, 8HBHLICIZENTE > T 4,

R S EB T D AR 2B L, 80~85°C T48 [ D MEEH, WM % HIE LOFhicfit L iz,
AR (root), JAI (hypocotyD), _EJRHl (epicotyl), 23 (winter bud), g (leaf), Fiz
(dead leaf) iz4rly, MOAEMIZALE, RICHFT LK 25 SN > TR LU, £EEE
B & Wi WA /KR (water content on an oven basis)® ZHHIL 7o, EFldERIZLT0.58
FRELL, THER  MMARE M= 0 7 1 OBBTEFURKEL, 1 THBRTHENEE L,
Ca, Mg, Feldfploark, Kixgedentrih, Pk 757 o fdic s b B0EE 2 v
I]'K {_/T_.o

MR AR E DTS IRIE 48 L O G KIS 2RI L9 ¥ 5 L3213 I EEPEMIC s > T
UE Sy, Hpkadk (plant), #, i (stem), FCoWTHEEL, O, LEE, R332
NTHOHIC AN, FEORED W Etickh~, K, P THBIOR O DIMEIE T A 5h, Ca,
Mg ClaREd7m L, Feidb i » THWERIMA SNz, BR Cu izt AREIEORITIME Ic
W AIEIIIE L DI TN AR D AH OBETIIER L1,

T HEERE ORINE S 6 U LU E LI 75 Lo Ry b b, WLEEEY:, RN,
/ﬁuu{/k.aw FRIR & BN ICIT 25 » 126 SRR U 2 15812 80~85°C T48IF Y MAZ A L, TH1% 2 mod
Ay a RAANIITEIR LT WRIC LTSS PR L0, INERE & INFEfE 7 o & = & (pHT7. 0)
BT U, ik & 5 Cu O R BB O MRENEH L LTESTED SN
D TH A, TOFHEEFERIZCOCTIRIERY Tlt, MY w20 Aicd AR
Tk B O B DI RO DHTIC L b N BT EET, Mg, Ca ofiaE e Lgh o fisko
W=, BIHOBE2AADILHULTNA L SNAY, LEP oMo Cullbilic L AR E A5
re, BHO—fHlE LTEREOCY K, Ca, Mg Ol 2155 » 12, Cu, Mg, Caddhbise
Tlﬁ’z—)‘éﬁ:f Kiggeei T Uiz M2 5 7 v o i Cu i i SR IR 180 H o0 1/2i¢
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dHiz B JOH DO L1 Cu PEHEEM (0. IN HEhH), L8 1 —3. 60ppm, 4L1E 2 —31. 6ppm,
JVE 8 —81. 1ppm, /MLPH 4 —148ppm, JHE 5 —217ppm % AT L B9,

3. FERBLUBK

D ko Cu o R

R O BGIEORIRIE & UCIHFMS4EIC T8 o 4 HE/5 Yeb (k8 < B89 2 Bt ) H3hfs &
N, ECOWTOIIEPESD CED h, BHKERERBEEBRY & ML L Ok
FHOBEHEBOTHRE] 2 bF & iz, Chicd b-HEEERO Cu i >N ToE>DEE -
TRREMIRE NI, B, 948 Cu otz & b » U CHiif o Cu O
B2BELTWAY, TOHRT, LEios Cu it GEHERTE ey %% — AB(EDTA
AIY), TEERTIASIE (00N MR, ERIE (IN Wi e =9 4 pH7. 017 Cu ko4
id Cu W+ v — M B Cu i RREIYICIIINY 2 %, IR S N 5 &bk % MR IE &
BUVF AR Cu B U, [ BBTIARORD RS S0 EHfE LT 5,

ABER TR Wz R D W T, FHERAATES & CERE Cu koW TETFOBR AT, C
TS FHIRFATR 1, 0. INHiRic & b it & iz Cuditd & G Cu it (INFEERY v % =
v ApHT. 0fliHY) #ZEUF W TH 5, 0. LN HifRihalic & % Cudbid e a s &, 6 4 1
O BRI EIRIEX TR T2 U L, [RIEX TR 2T 2R L, BUMX Tiks % b6
RSO E B 2050 0 BNS 2 Bfds 4 6 Nt & & IEHIRY T Ui o 818 Cu
COWCERED B A 6 nfe s,  Cu BE DS TFERIERIFIC/N S B & ERED R H315
bz, B0 TR AL & CEIE Cu IE OB 2R 5 &, WHESRD S 0312 H
D TI{BORA L b IR Cu P I W TRRE WIS 5 D3 503, FHERTIETE Cu g
H310~1000ppm OEHEIPUTI N THEED TL OB 2R Ui, FHERTAR, BRE Ca e i
BEEMICIRD T 505, T NRENET LT MBOMBIEEA b han, BMRETR -
fo R D A i C D & S TSI T TR IATE Cu & EIE Cu oflicik ko Cu o
TRl e Bl n A 6 hd, MHBERFA T OO Cu B IkE L THLE»RS 230
EBLOND, Ud ULHEAALE Cu BEAS 10ppm SRl Tid, #IRAE Cu B HO MO M
BRSO N BHEEM L D EAMEE Lo Toe RO Cu BUESEWCIS AR Cu ik 3P4
PEiREVESELSNDY, OWEH U RS 503 Co B LT, R UERR
MWL 2 & OHTRIELDOIRR & B A 12T RM EMbN 2,

0. 1IN Mg EE & INFE Y v =0 iR e Ol /1 0 & 5 2 W 7 9 7 ClH
ORRPE S iz, LR O Cu BEDONE L, RBRD & 5 i LLlh Lt k25— ©
G OB, MZOMEERY T, co>OfiliEe §ictifiho Cu fito%RE:
VTSR TEEEA OGNS, UL UM » T Cu 5EE 05 & LT < itk Cu
WO IFIC IR OZ b 0 IN HEEIC & AR ELS L b BN T W3 0 & EbN b,

i BRI S ATHATED Cu ROFIRE 55 &, fiyo, LED pH, EiHoEMm:
ERBEOYEIY, LERIARIIC L » TS h, fgIC L > QA N OEE I CHEREL S
HZTHAHI L, BB LI 2ET 2HETH 519,
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Fig. 1 The relation between copper concentration of soils extracted
by 0.1N HCI and that exchanged by 1IN CH,COONH, (pH 7.0)
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< VI OAENEIRE OBYGERICHT AP S LTI BB CHE S TN 39, ¢
N5 QS OH TSI, R, Mol & TEE RSB EER e ORI DWTH
Ul b OMH L, U CEEIGHEY ORIRE2HM 2R UT, YT 2080 £ < #it
HBINTVE, U UTEEOREE © & OFMZL, & obimics > CEEHHE s T
Bicwd AROROEN OB ROBILIC DN TERL I D20 R0 TR T2 M4EERE
HOIHEI SRR & HAVE B L TOBETH b, AN ORISFERIZKRE ST 5,
T DT RO IR C’, BE Cuikkk 2EEHBO DI Rt OEE 2 7 —
OIENICES D B ROBENZ O, HEEBE Cu ORI ZHEEF LD, &30 idiEY
HNIBA U oDt S el Ro ol 501 Ly, 2T Cu ORIk s %
S oE: K, Ca, Mg iEoZil, kPRI R CigmEEgKE), K, Ca, Mg, P,
Fe 4 DZ{LIC D> W TEE R RA T,
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Fig. 2 The effeet of exeessively applied copper on water content of
plant parts of one-year-old Japanese black pine
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1) B0, WAEEORHIENE N EBLIREAIDEELLNDY, HITROSKEIE .
Cu Efic & b iGN OEKERBDT 5, 2o 6, 7TADRICE - & HhBibh s,
BRE Cu iz X b ROMEBARE L MEOREFZ U B INY, COk 5 EREBIN L
ERERE D> TROSKE PP SR D BN A, g O EKE S 5 Vil
OBIWIVCK E B e LIZT D Bb s, 20%, & HEEO Cu X2l
BRI 4 51, RofrkaudEwE L Cu WHEOBESEME N %, Bk O
oLk S 6, 7T HOEBEMHERTETSA LN 5H, BAOHENL HYBDbIhRT 0,

T & » THRIZEE RS & RIS L, ARCEERE2E L 52 L 31k, AROEN
7 RH O 2 IRIET %o HEWEP ORI B O LI, HEESROE{LL FED 502l
L MBIk R b 0o v Y EOKRPIKDEOLEL & AR L OBRICOWTIRHEIEY, FH 5,
P2 1T & 5 SRS TR DS HE S LT B, HUBH I B IR D AR BRI SR D F T, MRS v =
Vi@ shoot OFKENIAEFPR ZHMCCOBPL, THIS50%, 8 Hic2s50%Lish, TH
DR TEHKED 250 % < 5 VIET T 5 ERFEBIR MWD 3 L LT b, AREBRTH 7
B~ 8 A0 L GO AR 350 BITEL, HBOMBRE LD TEWNMEE S sz, LD UE
WD Cu 2HE L0 5 oo E¥O-&KE L 250~800% &5 h, TH~8 A,y T
BB DS, 72 D BIRSHEPIKDZBETRELNRTWA L EBbd 5, 35T Bolis
OB 5T h, HEOWMSHIZRTTICHERT 27292, BEOEWOLIKIORE
W, TIME Cu MBS 2556108 b0 Bbi b, LIaRK, BRAOHEBIco>NWTE, &
KRSy % U THWER O K BROWD B 7 5 < v ONERE2ET €2, v v I TRRIFEK
BEINT 20 Lot i Ao h, HEOETHFUIN S,

CHE A PIEESY Y

A QLI (B 1) oK OB, MM 0~1. 6% O CRMET L, 6,
T ACE CIRAWET VAR OISR RE Ulc, BEN &5 L 23X 0.9~2.0%
O FIIAREOREMPIN TET T 5 Died U, MOMREIL0. 6~1.6% LBVl E Lot Fif
OKMEERT BOWEP 6 HD DX bADUEL, 7 Bh» o EFEM L CTRESETT 5
Lo ol & UM & 13D USRS » TS L 2R Utco & MRS ARE O R0 5 Bk L
ERIN, EIRERE DS v AOHRICE s THELILEDTH S 5,

A @ Ca PEIE 0.8~0.6 ZOMPH TEMBEM Uiz, F—2 KL 6262 &M% 50
205, MO L BRIy Ca IR EA U, ThENOBETIX, 0. 5~1.2%,
0. 4~0.6%, 380.2~0.5% &Hlicdst 5 Ca PWRIIE L, LBIE & REW,

iAo Mg B2 1 BBRIHMIA0. 2~0. 42 DG TRMET Uize 6 H DA REND,
T BICIET U % OB OMEDLETNZD T 0, M, i, HED TN TOME TO. 1~0. 5% O
FRPIIZ N D B E T OWESHZ N 05, BROBEMS N L 5 E,

Pid Lt s 8oy b~ 6 Ao 5 7T Bt W TOBREOE TS 2 U YRk Iz
6 8120.6%, 7 HIRIZ0.2% LIETF L, ZOHOBTIIS D, AFRHS L 5 RAET
LLoiEbNs, BWE L CREOE VW 6 ADMH 2R & 0.1~0.25 ZOPN LRI A
B3R h IROWREN N L & 2O,

Fe iz4ABHM 2R TIRED L D R E > & b & ULILBRIIZ DDA i s, %8
HESAETOMICE , BMILETI 355 Th b, Felll 13T 100~500ppm, T 50~
150ppm, HET 60~180ppm & ARDO WSS <, & PIIEL MFE OWESE /DS v,

MAELE Y o < U EIREIT» 5 FUE, WAENE WAL & EBINICET A 7 -0 REATHERL
TNz, RARICHENBEYRE ORISR S KEW &5 TH 291, KREHBHED S
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K, Mg, P, Fe g SN <, 2O®BMD LLEYT sfisaAsh, TOHRT Mg &
Piifflith 1 DO 6 AOMEME WD, 7 ALSOREERIREL, PIidEEgicEr
W B DIRE M LEY ARASA LN, Ca i LiBoy & Bis b AT UL HEL #
MR PR U, HMBCLRASE, BHOWH NNOTH A, MERE 209, A
S TR O B A /23S & BARE RS Y, DI 2 SRSy O BER A & > b O PWUIEL,
HHNTOIERRE S B b pR Y EMTH 5, Ub U—RIICIEBBNIZROMWESE L, Hl
W IEOWEDENL 5 Th b,

R PR BT Hs X134 Cu D)

K I8 ~ O el b 2s <, BB %58 U TR ALTIX Tz bid A B h s, Bk
JEMFRR Tk 6 Hd h BB RBEDETSREY 6 548, Mlld4 TlkZOBEHEST 5, 113K
WA S Cu AUHIRE DB 5 QEERIRICN L & DIBEET8A S NI TH 5,

Ca 1ZAEF WD & #0240 1 CIME M AT 570w, HEOEIICE 2IREOMET § b
b, Cu uhic & 28N AEEIRE 2B U CIEDIETBHE S b Th 5, HIRENICA S L,
LI T ENYED WL LI LI TP K E 0,

Mg &85 Cu OIRIMc L YIMERIET T30 Bbh s, HBELEOULES T, 68
AGHEF QBN PARNO Mg IE 2B METHEHF L TO A b A > TEL B h, < OBIdHE
MAEOEWETEHB A BN, UL LZORIMEDE T A 5N 5038, Lk Cuilicd 5
ARG

Cu iz k » P IIET 4 52 6 0 &b 55, 1 EELEDNORESRIREWICD,
B O Cu BT 6, THAICBENEFRE Lo, BEIICA S E 6 HO P BE IR,
W, WTIRERYE Cu X eE , S, RIEamionE 2, 3iiaCullloBgiEa s hia
Vo UL T B DERIEHD B i ¥ & WD T IE » & hBbhidL, A3 itk T
IS DIET A A 51Tz, FIRIE MBI MEE 4 13 AEE R0 B I I3 AR O F T 1R § Vi %
FRTHS, WUER 5 CIR1LHE] - T S AT O L A ST,

Fe J) T, MRMd 20038, e © CalBlic k 2w e »was, HRKE
AR 5 OIEITBINTNL SPREBETIT AL 5 Thb, (X3)

ARG D 6 BT b Nl T T ORI Cu EiZ & » TIRIEDE TS 5 543,
FNENOBE~OHBEE ZOREIEYOET A7 - 2 FROWNIT L > TR S, U
I UERiciE Cu t#lic k 3 Ca, PIEADEMIIAR L, Mg, KRE~NDHEHIEIDL N,
Fe 2Bl mRIC S W TIEBOBEICN L ENETHA BN ATRIET, FHY ok > Tk
NTWAEGEIC L ARGEAO Fe lEDETIE, BEEI/ o v B TIRIEZLALALNED
o1z, HMEINcAH B E, CulFHOBEIRIcB VTR E L, MEETIE, BOWESEE
HESIBI O BBA SIS 1 A WWEOEEBRENEVAL L I,

L ALY

R ORI I £ O #FEED ORI & v e 20, K4 13-k o Cu Bk
Y B OK, Ca, Mg WEORIELEREDLTE, K, Ca, Mg & & ICEB ALK
TREDETHALN 5,

Mg & Ca 3RS SIS MLITX, JAMIRIR Cldds % 6 < fEltic & A8 L - T, R
TGO LFEBA SN D, EIREMIR T, CuliiMd 5 BEDETHA LN, AT
K ChigEoCa, Mg WIS S IRIET T %0 COETOEME Catd Mg e i~ {EIR AL
HIX CEWE» 6 BbN 20k L, Mg i3 ETUHRNE» ) TIREOETHEARE L L 2,

Kk~ o caiifmBgEo LR»sash s, Cudfick a8 nd, Bl
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Fig. 4 The effect of excessively applied copper on mineral concentration of soils
Points show the simple geometric mean of two months respectively. N=4
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LSRR 1B 105~164 1967
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Résumé

The elffect of excessively applied Cu on mineral concentration and water content of
one-year-old Japanese black pine (Pinus Thunbergii Parl.) was investigated. The concen-
trations of Cu (CuCls) solution applied to the soils were 0, 40, 120, 260, 430 ppm respecti-
vely. The results are summarized as follows:

1) Cu concentrations of soils extracted by 0.1N HCl decrease more greatly than that
exchanged by IN CHsCOONH, (pH7.0) with the advance of seasons. It seems that
forms of Cu in soils exchange little between Extra. Cu and Exch. Cu in the period of
experiment.

2) Water content of plant is high in June and shows a tendency to decrease greatly in
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the early growing season, then the rate of decrease becomes slow from Aungust to the late
growing season. Water content of top in high concentration treatment decrease critically
in July and August.

3) Mineral concentrations of plant parts of control group vary with the advance of the
seasons respectively. The concentrations of XK, Mg, P and Fe are high in the early growing
season and after they show a tendency to decrease, they are stable in the late growing
season, while P increases a little again. Contrary to these mineral, the concentration of Ca is
low in June and increases with the course of time. The mineral concentration of root is the
highest and that of leaf is higher than that of stem in top.

4) Mineral concentrations of plant parts decrease in high concentration treatments. The
effect seems most evident on Ca and P but less on Fe. The effeet of Cu on mineral
coneentration of root and leaf is evident.

5) The concentrations of exchangeable K, Ca and Mg in soils deerease with the increase
of added Cu. The decreasing rates of Ca and Mg are greater than that of K.





