TV - SEEHOKBRA S DX 27 )12 X B ETIL

& m B =
(B2 ER e R )

Copper Uptake from the Solution of Amine-copper Chelates
by Cucumber Plants

Koz0 IWASAKI *
*Chair of Agro-Environﬁzental Chemistry, Faculty of Agriculture

Abstract : Effect of amine-Cu chelates on the growth and Cu content of cucumber plants
was was studied by solution culture experiments.

In the first experiment, triethylenetetramine (Trien) was employed as a synthetic chelating
agent which forms positively charged amine-Cu chelates. When the plants were grown in the nu-
trient solution containing 5 # M CuCl: and 5 M Trien for 3 weeks, the shoot Cu contents
were remarkably higher than those of the plants grown in the nutrient solution containing 5
# M CuCl.. While leaf chlorosis and severe growth reduction due to the Cu®* toxicity oc-
curred in the absence of Trien, no Cu?* toxicity symptom was observed in the plants supplied
with Trien in spite of the higher Cu contents in the shoots. Their plant heights were almost
the same as those grown without excess Cu. These results indicated that the positively
charged Cu-Trien chelates were readily absorbed and translocated from the roots to shoots as
compared with the Cu®*. Moreover, it was considered that the translocated Cu-Trien chelates
were stable within the shoots and therefore Cu®* toxicity could be alleviated.

In the second experiment, Cu complexing ability of naturally occurring amines was evalu-
ated and the effect of complex formation in nutrient solution on the Cu uptake by plants was
studied. Among the amines examined, 1,3-diaminopropane (DAP) complexed 87% of the total
Cu when 1,000 # M DAP was contaned in the 10 # M CuCl: solution. The shoot Cu contents
of the plants treated with the 10 # M CuCl: solution. The shoot Cu contents of the plants
treated with the 10 # M CuCl: solution in the presens of 1,000 # M DAP for 3 days were
higher than those in the absence of DAP. The result suggested that the Cu-DAP chelates were
also easily absorbed by the plants because of their positive charges, as shown in the case of Cu-
Trien chelates.
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LRTWVEY , LzhoTC, 2O L) LCukoEWIc L 2 I oW THSMIT A2 LT
EELFEREELEDIS

EDTAZEDT I 7 ANK Y BEROEH* L — NRENKET 2B, S5 OMWIC L 2 HMELE
TEROWIUZ DT FERNIZ£ {, Fe, Cd, Cu, 2 DG, —RICEBI LB ALD
TEOWNEIZ, FL— FRELPRE LR o BEAIIERTELURT T2 s T
539 FLT, TOZEIZDOWT, DEKOCKE MITCHELL ' iF, — | flioBHET - I3EHFED
SERITHEMICE o TRINE N DI LT, —2MHlOEHELX A THEAIRNEI NI Eh
B, B L-SESFORMBEIHEDIC L o THEEFTHIRRE NG R EIPEERTE DD
ERTHL LR L, —H, TI/ANEVBRUADOF L — FRE L2 S HE O 2
L HBEBEITLHERIPENDHBEBIZONWTORER I %2 55, SMEULDERSS ¥ i, 73I V%D *
L—MAETHET PTFTFL % 3 v [ (NH.CH.CH,NHCH:CH:):NH, Tetren ] % 3t7%¢
SETKBFERE T, HWIZ X 2CuRIE D Tetrenz EFE X LD o BEL 0 bMT 5 2
LEHRELA . TIVROFL— MBI, Cub ML LR, FICHE L2 El+s L&
ZONDBAN, COX) BECHE LR ERTIEE2 050 THATFORERDEV IZHE
BL, WL 2RI ET B LIRS0 %ol #2C, FEELVIL, CulsEibL
MR, —2,0, +2HICHEL, WINLBEOEMN L - FHEO#AE KT ARSI TFARF L —
FRAEE LT, EDTA, =5 L P73~ 2FE (HOOCCH:NH(CH.).NHCH.COOH, EDDA ],
P xTFL 7 +F 3 (NH.(CH:).NH(CH:).NH(CH.).NH:, Trien ) ##t= L, 2 HE DK
BEBRE 1T o7 o 2L C, EDTAZ 2 IZEDDADIE T T3 X 2CulRIUBEIZ, ) &Y Fa
SIRMELCHETLZCT A F VKA THBEDOIX L, Trien®IFEF T, IFIZHE L 72 Trien
GFN, VHY FPLBEELTHEETACUI AT VLD ERHICRIBITINDL LI ERS
Bz,

CDEHZ, TIVEOFL— MRAERZAPFRICHFEIELHAICE, TRETERICEZCHN
LNTEZEDTALZREDT I/ ANVKVBROFL— FREDBALELRY, #PIZ X 5CullilE
BELIHRT L) H¥rH 5. LBROERIE, 2 HE L W) EHMOKEERTH o 72720,
X ) BRI D7 o TTrien % KFHE I HAFE S 27254 OB OCullINE L CuBRIERFAE O F
EIZOWTRERETH L, 22T, R|ETIE, F27) 248 L L, TrienB L Cu% 358
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REBREEMICHEET 2 LELNE T I VESERIC X ACulIGER I EE R RIZL TV AT HE
HbHb , FIZ T, Trien, Tetren’z EDEHF L — M RELAIZ, RRCHFET ST I VENCu
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BT OBML, 1./58EDHOAGLAND-ARNONKFHE T 512 1AM 25T, AEEIER
R TROED % DT OFEBRICHRA L7,
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5uMCuCl: & 5 M Trienk 3£ & €72 K(TrienX), BL U5 ¢ M CuCl. DA & HF S ELK
(CuCl:X) @ 32oDORZHRIF/z. ThFROXIZAEME (4Ry M) ofEE A L T 3 B L
ke L7 o S OMOKEHEASHIE 1 BB Z L I2AT, KBRS, WThOLAEKXOpHD,
NaOHZ 72 1ZHCIZHWT6.0: 22 L) ICHEI Lz . &8, Cu* M4+ vV BREER L AV THEER
KR OCu? (4 ViBEZRELL IS, HBIX & TrienKDCu?t A F Y EEIL0.5 2« MELT
THot ‘

MEBORET L7-HERI, 3R, 8, BECsT, SHICEBIZ4 BEOMY P R CELD
BWhED, BMNE LTEREWRIL: . 4> 7)) ¥ 7 LiEwAE, 60COERBRREEBET
W RN OERE R HIE L%, BFL ORI L L . BONGERHNE, B
THIRR BEEBRE VTR L, EREFOCUBE L FETFREBEETHEL .
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RRCHEET A7 IVEELT, 1, 3-Y 73/ 7us% [NH:(CH:)sNH;, DAP ) , 7 b LT ¥
{ NH.(CH;).NH., Put ) AR V4 ( NH.(CH:)sNH., Cad 1], BLUAR)VI ¥ { NH,
(CHz) 3NH(CH2)4NH(CH2)3NH2, Spe] %1;15%EL7‘: if:, 1&5}%%&3{‘ - F?ﬁﬁ'@?)éTmen
BIUEDTADL HEBODIMR L2 . Th S 0FES, 0.5mM CaCl. 3 L U0.IM KC1 % 34 &
#7210 # M CuCl, #1120, 10, 100, 1000« M & %2 % X 9 IZ##% L, NaOH % 7ziZHCl % fiv» TpH
6.0 L7, TNODBHAPTYAN Y FHALMEEL THAETHCu* 14 YiRE%, B OFRkIC
WoT, Cult A 4 VBRUEBICL > THEL . 28, WESEBEDNI B, 0.INKCL X, 14~
R R —EICREOOIEMLE . T, EBR3 OABBRBRTHE, HMWROEBEEELROLHIC
Cak KBHRAPICHIFE LD I EPLETHE920, T L2 EEL T0.5mM CaCl: #£ET T
Cu* M A+ Y BEOHEETo72,

E8 3 DAPHET TOKMAR :

EZER ) TR LA RRICEET B 7 I VP LDAP, BEBOD7:9H1Z, Trien, EDTA% Five, EE
1 LEROFECER LizF 27 VS e 48R L CEMoASIRB 7o . BERE LT,
0.5mM CaCl./k#&E# 2, 104 M CuCl; £ 1000« M DAP%# #7F £ ¢ /72X (DAPX), 102 M CuCl.
£104 M Trien® £ S ¢7-X (TrienX), 104 M CuCl: £ 104 M EDTA % £ X & /2 [X (EDTA
X), 104 M CuCls % 4 & 472K (CuCLK) D 4 D0OR &I, 3 AMREL1To 7 o BB
i@, 1eFFy NS 1EEOEDHEEBL, FUEXIC2Hy b (284) 2 /AL TITo 72 o &
BOKT LR, B RBIc ST %, ER1 LABOFETER, SHL, KPRL
FEECCURROMELITo7- |

HRELUER

KBEADTrienDHRFHI X 129V DEFT S L UCURIUCRIZTHE

EE 1 OFRMHEXOMYEESRMOEREB L UCEEEZE LHIIRLL,

BEOCUZHES LTV RWHEBR TR, MEETITEARIEUEI CERALRE AT E
L7z, AREOHEWAOCYE ST, H EET3.16mg, ke, BEHT6.96mg,/ kg Th ot , T2, ¥
MAOCUEBEEHLE, BIELSETEIMTTRAIL, ZOBREUEIIITTEL & SHEMD
B LN,

—7%, CuClL R CRAEIIEIEF CLIAERST, BRH I oo P X088 I, EHLOE
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E1 KBEANDOTrienDHFE (3BH) ¥y ) OEBTE L UEBEOCUSRIZRITTHE,
EROLMILRESY, EAECUERERT
HMOMT I, FEWEETH S ERBAED o TOEMERT -

BELHNBX LD ‘B%L AP EVEL R0, 72, ROAFIELCHHISNZ, CORBXD
FEY RO H EERCut &L, 52.6mg, kg, BECuEEiZ1570ng, kgTh »7: o, F72, BMWHIZCuEE
ZHTH, ROENE 1 FET28.1ngkgTH Y, ARMICEVE I EICMP > THAT L HAAEE
OoENT o Fav ) EEPOBELCuBEIZ6 ~15mg,/ kg ENTWBINZ s, TOMEK
 THEBIS MCuBRIC & B REN R L L E R SR .

RO DOMBERKIIH LT, TrienX CIIAREIIEISET TREAL, LERTECBIT 2B IEN
BXEIZIZE U, RRBL oz, E 612, MES, EH, ZEI, WTFhOBMOERED, HRK
YRS VETH 57205, CuCLX I ) SEEFIKERMETH o7, TrienXKDOAZEL, W
RObDLEBT 2 LRPHL, BFRIAETHCEAIZOON, BCSNPETRIE I Mtf
ROBE SN, B EBOMEICKE R BEBRED LD o7 o TrienX O FHCuE i,
14Tmg kg & W EAE SN, CuCLX I DI ELL BRI phbh ST, AR/ ooy R IEHE
SN ols  BEUAIOCuE R, £ 1E,SE b ENH200ng, kg THROIBEL, FE6ENLLELS
I o TRAT 5 EMIFRO SN, SEERCuCL: X OEMPICud ] & Bk - oA EIE % R
L7z o =7, Trien X OMECuE &L, 970mg, ke T, CuCl. X & h R WHEDFED i,

BEDXH1Z, 3HEMICHA2FIEICBVCHRIERS OEHMRINEER E B, EiCHEL/2Cu
SEETERTAEEZ SN ATrienD{FEIZ X o T, CuBEEREEDLTIC, MWk LS oCus
EFELABRTLI LWL ER o7 . 2D LD L TrienX TOH LICuEEOH A B L U
RERCuCl X & I3 E % 2ENFICuEEOFAMEMIL, TrienX Tlx, CudCu-TrienfENHEET
B - BITENTVBILERLTVDEZELOND o 72, Cu? A 4 VIiTtEW R bR (IR H
WKWRESNR T VI LML T WS A%, Cu-Triengfkid, Cu®* 14 X 0 MBI L > THAE

12< K, iz, HWEATHRYI LM EHABIT IS T WAL, BECua R, TrienX®
FHCuCl X & D) bEL o2 EZXONE , E512, TrienRiIZBWT, FELLBWVWERCISE
290 b56 T, CuCLRTHEEN/ L) ERNOEENALNTY, 700V A% EOERS
BEI N2 hol2Z EiE, RIS N7:Cu-TriendkE2S, ZDH% bEWANTHEEOEE CLHENE
FBWHEETH7:0IZC* 1 3 VBEOBFERFEOON o b0 EHEBEERE , —F,
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Trien X DEERTIHCuBRER L BB L 24 RERFBE IR, Zhi, BUHRRAT
Cu-Triengfifhh & — 3B L THAT A Triendt, Ca, Mg, Fele EOLEITHIII L THEL %
RUTAHIZ, ZALOTEOABEEIRbN, IR ZEIRIEE LD TII v LS
ENnb, LAL, 3EMICHEKERERO /0, TrienBESHEB T 2EH 2R LW
bHD, TORIIDVTIE, ClADOTEREOEFERDOWELR EXBL TE HIZRETTHLEND

brBbns,

W1k ML THEETHCU 14 VigE (2 M)

CRE
10 M 100 «M 1000 M
1,3-Y73 2 7,8 (DAP) 9.63 7.97 1.32
7 kL (Put) 10.06 9.33 8.04
%1 ¥ ~1) v (Cad) 9.33 9.96 9.56
A9V3 Y (Spe) 9.69 7.69 2.58
FJIZFLYF k53 (Trien) 0.81 <05 <05
IFLYIYT I 4ER (EDTA) <0.5 <05 <05
L 10.44 - 9.96 9.97

£Cui#f10# M, 0.5mM CaCl, 3 & U0.1M KCI## T, pHB.0THE .

7 3 LABOCUSELEE T DS & ABEADDAPOREN % 27 1o & 3CulRILIC R IZ T B8

EBR2 ORKREE1IRITRLZ,

BB D701 58 L 72 Trien, EDTATIY, 10#M CuCLERICI0x MOBEOREL HF S

BIEILEoTIBLALDCUD b I N/, THICH L, RRIZELET ST I Y8 LTHHL
FABDREDR A, 102 M CuCla BHEIZ10 # M F 7213100 « MOBEDORE D KT T, Cul®
ZE8{ERE 21T & A VBB S Wz o 7275, 1000« M3EFETF Tlk, DAPT#87%, SpeTH175%
CuBigs{b S 7z , LA L, Put, CadTiE1000 « MO DB 4 7 KT b Cula i ¥ 5 851k ik

HZFEAERD NPTz,

DAP, Put, Cad& & { BB DAL Hy Hy Hy H,
FL—bREIZZFLYIT7I V([ NH, f i v f i
(CH:).NH:, ED ) %% % . EDiZ, 1 K+ H,N NH, H,N N
OCUIXN LT 20FAMMNT A LICLo

T2o05 BR2ERL, FTHEOSEKE

HE¥%T 5 (£2K) . DAP, Put, Cad®D¥ H, / \NHZ H,N/ \\NH/CHz
£ bEDOHA L FRE, URFOCuH LT \ / | X /
2HTHEAL, EREFN2DDE6, T, H, H, H, H,

BERETMT A Z LIk o TFEEIDE

BHRERTLIDEHEEINDL . LML,
FL— MUEYOREE L IBTHKER
EHIE, FL-FPROKESBIUVOTA

2 IF VL I7 38 (Cu-ED) $84(EM)
BIUOMZFLYF b5 38 (Cu-Trien)
R (ER) DfEER o
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THY, 5ER, 6EREBETILENRIRETHLILWHMOLNA TS, Lo T, ED
ERLEVEERZHLCuLBILLER, 22006 BEEBEYHET 5 L %2 51 5Cu-DAPEK
BRRERETHHOIIL, TRE, SBEZEHTAHLEZ SN ECu-Put, CuCadifhizALET
H270, 104 M CuCLBHIZI000« MOBEORELZ{F ST LCUIIH T 28T 28D
BOoN Lok bDEEZONDL , —F, Trienld 1 3 FRAD4DODT I 7 D1 FHFDCu b B
MREETAHILICL-oT3205 BRABKL, FHEOSEEIERTS (5 2H), Speld, 20
Trien& XK P-BEEZLTBY, 1 GFHDLADOT7I ) EF LI ETFOCutBEBEESL, 2°o0
6EBL 1 o0 THEBE*EHL T, FHEREOCu-Spefifha b+ 5 LB E NS, TrienTIL, 10
2 M CuCLEHIZ10 e MOBEDOREDIIETIFE A LDCudSEL EN7-25, SpeTid, 1000« M
HET TR DOCu L ENBIZb T o7, DT Eid, CuSpefifhTit 7 HBEEENETH
Cu-Trien$fk L O N EETHH/-DEHER IS,

ZD X H1Z, Trien, EDTAZ K OEHRF L — MRAE L BT 2 LébEE iz A& b o, Kk
CHETE7 I VEOPIZY, Cul DV BROBECHEET S LCulih2 4R T 2 L DOFHFET S
TEFHOPL R0z, 2T, EBR2IMRALLT IVEDY B, Cullht T B8N R L
DAPZHWT 3 HM DB ERZITV (EBR3 ), ZOBREEIHIIR L,

BICuE B, WTFhoREEHES
TrienX BHAETHCuCLR X H{ET L, DAP
X, TrienX, EDTAXDJEIZAE L 2o 72,
—7, B EHCutk &L, WYL A%,
Trien X CidCuCL XL D T L (B &
), EDTAR Tia#l2CuCl R & b &<
% BRERIVBLNI, /2, DAPX TIZ,
Trien X3 EFEZETE 20D,
CuCl:X & Y b EL 22 EAPRD LN
720 SO E I, DAPRAFE & & 72356,
_— CuCl: X & B L THL EERCuEEIZE <,
5000 BECuEBIZME %2 Y, Trienk £ &

T E L AROBE SR S, &
B et 8 B o 7 @ani [(—)ijAPEﬂ:MEVﬁ%LT
HEEE L UBEEOCUERICRIZTEE i , 5 7

BB H ERCuE R, THIMRSCuERERYT, 27O CuTrienfiknHE L [k,
Cu** 1A LD BAEFITRIZE o TR

Sh, EMGERTOIRE» S EHABITL T otz LR END, 2B, HHMORINE
BThr7:0, WFhOREX THHEYEIICu® T I YHIZ L 5 HFERIIEO bk oz,

B, BHHICKRICRA SN T ARFEHERLHREEDIZE, BREOCUIEETLTY
BHEDHH I ENFEHBENT VS, FRIOERHERIZ, ThoDABREEMICBRENT I ¥
BFEEINTOWGE, 73 7EHPCuk SEEREL, C* A+ Y L) SEPIC L o TRIRE N
RFVEBICCuDFRERENIZENLL TV ATREEEZRERL TWE, ZORIC2WTHE, BHRE0
BEPL b L) FHLRHEPLEEEDND,
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DY DEE B L CCullI~OHE LRI T 272012, F a7 ) 2 M & LT 3B oK
HEE# 1T o720 5 # M CuCl, % & - HOAGLAND-ARNONKEEHE Tkt U - MiMkiz i, CuBEIz &
BHELPRZUOIANSEDOON, EEFEEICEML L, Tz L, 5 #MCuCl e 5 2 M
Trien’k 47 L &72354, # FHCudFEIL, KBS s M CuCl. DA %2 R LB LD b F
LB 251232900 F, CullElIC L 2EFETIREO SN Do, ZOERIE, KR T
THEET 5 IEICHE L7-Cu-Triengfkdt, Cu?*4F v L ) BB ITRIC Y o TRILE 1, MW ERN
THEBOEECRIMIC b TREIHET LI LERLTWE EEZ bR,

(2) RRICHFETHT7TIVHEELTL3- Y73 70y (DAP), FhL Y v (Pat), # ¥
v (Cad) , ARV 3 ¥ (Spe) 2R LTI S50 7 I YHEDCusk biE % Cut [ + V BIREEH
ERHWTHRE L7z, Z08E, 104 M CuCLiEsHBICH L TI000 e MOBEOSREL{EFE I EL L
12L& D, DAPTHI87%, SpeTHT5% DCu% 5L+ 58755 5 2 EASRE N,

(3) RRICHAET AL — MEDH BT I & LTDAPR L, DAPORENF 27 Y2k 5
Cult U RITTHEIZOWT, 3 BHIOKBRERZITo 72, 104 M CuClo AR HIZ1000 « M ik BE
DODAP%# A L4 7-BX Cit, DAPR#EF S h oK LD b, HIEBMCuFgERE 2D,
BEIBCuFEIIEL 25 RIEON, Trient HE X LG ELEBOENM TH o7z, LA o T,
DAP% HF S E/1- 54123, Cu-Triengfifk & [, EICHELTWA &EZ 5N 5Cu-DAPEAD
FHHS, Cu?t 4 F Y L BRICE o TRINE NPTV EHEE IR,

F—7—F: 73, Cu, $814F, BHWIL,
4 3
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