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Makoto ANDO
2] &

B Cu RIS N/ MEE Y v v B OBBARE O Co BEERIBEL, BoT, HEHRy
FPS 0. 1IN HCl AIA DA IEREE Cu ISR (LA BT, Bl S hic CuCl: D
PEFIZ 0, 40, 120, 260, 430ppm TH » 7o % OFEROMEIT,

1) b Cu ORI, RS 5 7 CHBERAERBBATS Sbah, HIRER
o L8R, BEETOHEPETH S, ;

"2 Cu MIEMEL TS WESA LEL L) ZiBao Co BER, BEICX > ThrEh 0K
WRe 08, — B, AT 5 0RERICEL, AFOBARKMIKETL, EHH%
WicHO WL S HhEL B IHAMBA N 5. FMAMOBER, zhehPEFHMEECT—
EOBEEDIEE S > T BH, KRESHESEE>S IR - EOIFEOBEFERSL 5N 5. Kl
B EBRERUCIEL OB S ARE NIRRT, BEETHBH LV,

3 BE Cu oFinic kv, FEBEABEKTRE, BSAIE>S LIRESIEE>SRRE> 2o Hic#
BEMREL B, THbL, Mgk -T Cu OO ANETH B, Zhicih LEgciddRqb
WADWEMA TH AL, ERMEREABETHOMEEZERE LTS, 2hicgl, 1B
B, ARZE, 23RO Cu I H3300 ppm ZMA 7o @I T Cu B OEEMREHAENLT %,
4) o Cu BEICH LD Co BENOL ShE0, ChiBEFNNo Cu EoE:
Fis K OPAESEE N R E Bb b, F7, Cu oFINc L 31D Cu B0 LR3I
<y HDEY 30ppm BETH A, HiE3 100ppm £ A2 &b H D, BB Cu ity
BEGSE LTHME Cuo 24 0HEARE S VIR THRNL SR S ¥, Cu 2Hull & 5/EMRN
EALN D,

5) &3, LRBEicR, MEELAEDNS, BEOEANALNLY, COXSIBEHIcED 5
R PR RREEOABRBET 2RSS,

L. 8 U » i

BRI N . BEBIBEYRANTEDLS SO LT, BEBOERNTORIIIT D



25

TRETHBELETLCE L OTEMRFTEHLRTE D30, 2ot Cu KDOWTR, A
Bol - THEERICERINICEPHOMICIN, Fhe0DICESWINAMESINS
CEHHEINALY, TORFFORIZUHEOESBRAHMORERB LD, Co 0X37E
BRBEESRKEOERIERECOHEIE L, ARTOBTEMEN-DICEANOHERSK
&<, HMERANOERIMMNZONEZT EHEINTHAEY,, —BIICIRZC O &> LEER
TELUTHRMD 2 — VBT L > TRIEATHAS LYY s M & (28849 0 M 5>

CEEFAWNLIC Wb BN EEFET200, E4BE2 I MR UAFETSE LD
O, BGBARNT ABEEZTEOAICCOOIDODEDOR 4 FICHELTHEY,, APERE
AT OB T B AR Z MRk ERBRET T, B ERR Y 28 O B Z ik
WL LT IMCEE LIt b DTH B0 AEDIME TIHBE Cu 2 Uik £ HcRsE S 40y
iy o=y OWMALN, BN Cu BEE{LEERL, HHROBEASOHREOMEEITES
E& b, #ERFbAL LSO Cu BEELIEDVDTHERFEITE > T 5,

ISR A dh o, FURARBBSEME  FIRER, WFREMEIRic IR aiicbl:
D SN RN o BRI IERA I BAMICIZ VA VA TSI, HEREETE UTH
D —E O 2D & N BEEEH R ECE A, B B i REEiIcB T AN
ABMERICIE » oo HGREMOLETIC D NTR, BERCHEYZEMRS, PRE—tLicRE
BILTHERZ W0, BUTERBOBEEE LIV,

2. HElBIUSRE

1) ks

BT, FE RS ISR R RCE A GUBTT AR KIEAILEAN) BT, 1/5000
aQySF—ty PERNT, 19754E5 B o118 h I THEE U MELE s n= Y TH 5o
BERLE =254 MEEREETL  LBEEADE - 0%, ABIKUTHLTkg Ry b
AR, 48148 1 € OBALE - SEmE RO TS BEFO Co UEAFE -, RLIEOBER
1 () — Oppm, QUEE 2 —40ppm, MM 3 —120ppm, ALEE 4 —260ppm, ALEIE—430
ppm ThH b, 2 HBICHMEBESIKE, BOKEHBEL, SH2H2 ne vETEH . BH
FETFHIIE Ly MORTH 523, BEWEZE L TRASS bORMEME 2T -7, e
i Lz 8D TR 23 I 0 e, AR EO ML WEBE OIEIE, BKZETE - .
MEEHE10005 N4 R v 7 AT 100~250ce 2B 4 A308k 0 6, 7, 8 A%duici2E
FiL->Thboe '

2) HElOBI

(2-1) ® # k

5H2ENcEEm L%, 6 1H, 7THA1H, 7H3LH, 8HA30H, 9H30H, 10H28H &
30 B 4Eic 6 EIEEE IR Lo #hEN6, 7, 8, 9, 10, LIANELUTORBORNITEL
3t BVBEHIEAR, PR (TED' wAERRMEE e NA, K0P 6 A80A, 7 H64AK,
8, 9 H544, 10, 11HAGAIBIR UL, XSO HERIEET 50 FHE 4%
Lo BUBHIBMA T, 80°C, 48EERHM ML A FT /R AT Ici Ulso HMRIZI (root), i
(stem), %% (leal), &ZF (winter bud), % (dead leal) 4 iF s, ROV TRE LKA
i (hypocotyD), LJRih (epicotyl) isriF, i (branch) o4 U4 (i) 2 Bl A
Nico T THVIRE, LB#iER3EeneEnFELD T, LBoXMNLAIEI LTINS, B
MRSy OB RT3 (cotyledon), H14:3E (juvenile leaf), ¥i#E (foliage leaf) i



26

Bh, EELUTADLUETHR Lite HIBERBHARDVTO A SODAMTICH Uice EHAER
TREBEONERA SN T.

(2-2) £

MR O 4 H18H &, MR ERHREE & FKC B (BRLE N —3+a254 ORAEY
Befy, PITFABEE K50 OEETTE o /co BMEDBA Ry 25 ORVEEHIR/2D, b
S U EERNACAE LR LA>OT 5y Ry bR, BAG2 Ry v FoLEEE
B & Uit 2Ry bOLEHTIEHRN L, MIEIC LTH25e MERK L. O
DOHED, WOHADELDEMD, BEHEDOA TRy POFH, 7578y LD B
IAFNVBENEOER OGSO, Ty Ry OSFEERELESESOREE L,
FHATOWREHRTE, ESEOMBH~OENPRESA T A8, HHMOERT
BY, PHBLEARELTCWECE, By VEBEOLD LMEENIE D, M EH A~
Cu OIEFRABENE D oTe I LA1280°C, 48MMIRNE L, B, EE2mm o2 v ¥ a
ALY EIR Ui,

Ry ¥ TR

(3-1) HEGH
?W@o&g&ﬁﬁw&btﬁ,ﬁﬂ@%m%@iﬁﬂmww,itﬁwiﬁ i 570
Ml L, ¥51K80~85°C, ABIKEIBICHITE Lze BEODRE NS DI ﬁ%ﬁwcmmto
SYRETERE ¢ OB W=7 1 7 1@&&fuﬂmkb BAE#E 1 ¢ 1 HEER See THEW
#ELMAKT B0ce & Likce BRODIMNEDIT 25cc & LTWD. W RETHIEH:ZEH 0.
(3-2) + M

I U 7o BBHE80~85°C T4A8HE AL : g Figk L 0. 1IN HCI 80cc A vyt 30°C, 1 W
OEFIRE DB A Lo 2913 BFEeEE v, BFBEHE 1 HITACHI ATOMIC
ABSORPTION SPECTORO PHOTOMETER ZJfty, -Riic20 ik 181—50 B, KMkl
207 WEMA Uico HIRRFEEEZBE WL BRI L O EEBSDI WY, #h%
NOBEHC DD THMERZWE U TS0 DEROBBIC DO TR B, SR LAy, L
kR 1065°C, 24BN L7z © B, HUERRIBAEMA TN BT EMbhoTze Lichis
T, fx OEEHC DT S ER iz 100 BRATMEZR LTINS EHE L,

3. R

D kB Co B oML

0.IN HCl Ao 43 Co PEEERLZOBK 1 ThH b —MIC 2 4 5 VRO
Frd#es 5 7 TEBROBBRMBA SN B, AERTHZOMINA SN BMBMEZDOVL 5h
B4 B1I8HOM 28T, BENTFEbN s AhSNIADF -2 2RO TEMLTAS S
C1--3 2680 L00108T

C2 02 4e-0 L000473T

Cs =90, 3e-0.0000267 C=ainl4-3% Cu J45¢ (ppm)

Ci=186e0-002817 T=1#%EE (D

C5:27ge—0.00279’1‘

OHBEBE LN, T=00& &0y PR, BEMOKNRTEO Co B OHEM (ppm) %3
DT HAE (1) TRV &b Cu BED LAMNS LN, AH 2 TRIEE D OHE
T S ~ 5 TRMEBENE LB o2NAR K E L o7, UBEoBE R IED



27

500 —

—~ A

£ e, e N R . A

S s S S S 7O

© 100 ; ———  4=100€

= = B u * - o o Ca=90.3€ 0.000926T

2 B0

E N " ® . 0 . $ Cp=324g 00004737

2 -

g

g 10 =

5] -~

§ S == ; o8 C;=3.26e%010%
e — g ° g ° °

B N [T |

% o——g 2

S (N TS I M B

o 8 60 90 120 150 180 x5

Treatment

Days since sowing

[April | May | June] July | Aug. [Sept. | Oct. [ Nov. |

Fig. 1 Seasonal change of copper concentration in soils (0.1 N HCI extractable)
C: Copper concentration of soils (ppm)
T : Days since sowing (day)
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Fig. 2 Effect of excessively applied copper on copper concentration of plant parts of
one-year-old Japanese black pine. The fluctuations of copper concentration of
plant parts are respectively within the limits of spois (Control). Copper con-
centrations of soils are estimated values taken 90 days after sowing. (Fig. 1)
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Fig. 3 Seasonal change of T/R ratic (Top/Root dry weight)
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Résumé

The copper concentrations of plant parts of one-year-old Japanese black pine (Pinus
Thunbergii p.) seedlings treated with excessively applied copper (Cully) solution and the
copper concentrations of soils (0.1 N HCl extractable) in pots used were investigated.
The concentrations of copper solution applied to the soils were 0,40, 120, 260, 430 ppm.

The results are summarized as follows:

1) The copper concentrations of soils treated with excessively applied copper decrease
with the course of time and these decreasing curves are expressed by exponential
functions. The higher the treatment concentration, the greater the gradient of decrease
becomes. '

2y The copper concentrations of plant parts of control group change with the advance
of the seasons. It seems that they are high in the early growing season or the formative
season and show a tendency to decrease and become slightly high in the late growing season
again. The order of concenirations of plant parts is winter bud >root>hypocotyl >epicotyl
- leaf in all seasons though thay have respectively the width of fluctuation. (“epicotyl”
relers to the stem part above the cotyledon.) Dead leaf is higher than epicotyl and leaf,”
but the fluctuation is sharp.

3) The order of concentration of plant parts is root>winter bud>epicotyl>>hypocotyl>
dead leaf>leaf (High concentration treatments). The concentrations of root, winter bud
and epicotyl increase from low concentration treatments but that of hipocotyl, dead leaf
and leaf begine to increase in high concentration treaiments. (over 300 ppm-root concen-
tration)

4) The concentration of dead leaf is higher than that of leaf because dead leaf is made
of cotyledon and juvenile leaf in the early growing season whose concentrations are high.
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The concentration of leaf scarcely increase and is 30 ppm at the utmost in high concen-
tration treaments but that of dead leaf increases over 100 ppm. It seems thai plant drifts
leaves whose copper concetrations are high and it excretes copper.

5) It is prospected that increase of copper concentration in winter bud and epicotyl
from low concentration treatments prevents‘ plant froin-growing in next year.





