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1. [FCHIC

ABFZEIIME g ORI 7 e b E—2 2 HWD R & X Bo4riE PIXE (Proton
Induced X-Ray Emission)Z W T, ¥ DO L2 IEWECTER LY, ZOHET, KL LZEDR
B2 HWTITbN 2B PIXE IZ LD HFEL TR D, APFRICE W CIIMEEEREER 24 Kl L, AX
TR %9 2 AR YR E B g AT 3492 T oo, AFEBIZB W TR, G EcFER L OBDYVIZERL,
AR DA FROCEE T 5K REEFRICIE Mo AUEATHDH 0Z & L0, HHDFED Mn O
BREAAGHIEEEOEDYY ZRFTH L E LT,

2. RBRGE

Jovyal)—oFEEE

AP CTlL, 7 v v a2V — (Brassica oleracea /ity /~A > SP ¥ A FHEHKNSL) 2 450E
WM& L, UTOFIETKEHE Lz, B35 FRFZOT T AWEBNTITo 12,
(1) #E -8

IOLAEDERNEIGRICN—T A FEHEiEd, 7eya) —OFE 2L, 20 2\ —F 14 F&H
WTCEL L, T0%, KEKEH5 277, &6, 2 AW 1 RIRE, KBEKEE 2T, FENEZBD
=5, KEKDNDYIZ 1/5 EE D Arnon & Hoagland No. 27 #ZE L7-5H% 2 BIC 1 BRELE 2
7=,
(2) #%i#E - RNIBE

HOHE 1ARENH-EBE T, E% 1/5EH D Arnon & Hoagland No. 2 M~ HE L7=, 1 38
HBICEE A 1/2 J2 £ D Arnon & Hoagland No. 2 St HNIZE 2 | AEFR ZB4s L7z, Fe ORI E L
T EDTA-Fe 58 Tid7e < FeClsZ Wiz, /-, ZOEHMICBWTIEIMn RZ2HBELLTL 572
DIZpH % 6.5 IZHREL TWHD T, & pH THEINLT W Fe RZIERDIEAEZ T 572012 Fe &
WEHWONTWAIRELY H 500 uM & @< Lic, AWML/ LAEDOLDEH W, ARV EHEN
THE, M E XX H5WRECFHR)OTIZ 1 RO %2 1RE LTAR Y TaA, 25 KT oA 72,

ZORF, Mn N % 7B U BAE L 72 X %2 Mn # 2 X (+Mn), Mn % 2 CTW R WEEHIZ B L 7 X %
Mn KRZX(-Mn) & L7z, HERJIIMEREOBEAZ <70, 0.1 N g% 24 R L Ef7- L, &
BT o7,
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RO EHIL, 1M 1 ETo7, TYXVpH A—F—ZF W THM pH 6.5 ICHHEIL., 1 N
HC1 & NaOH Z# HW T Z N EHMEFRFT 2 X 5B 07z, KRAIEBA A4 2K ZM A THERF L, KBS 1%
TT R T EROCCGRRET T2, B, KEREIT AN T ) BRSO ) Xy N A AR
ZHWTEL, BXEEE 0.2 pS/em L EDOHA 4 v kEHWTIT- 72,

Mn XKD 7 ryal) —DEZBEE1IZ, Mn RZRKOT7 oy al) —0HELZEFEE 2R LT,

BEE1 MnERRDO7uy=2l) —0DIE BEE2 MnRZERD7uyal—nDiE

AL XDER

#BIRO KK PIXE EOMHREMY & L C. A XA(Glycine maxcv. 5> 7 v A A SHILTERE)E) %

A, LR OFRIETABE Lz, HEITETREON 7 AEBENTIT- 72,
(1) %% - B E

IOLADENWERICN—T A FEWEFED, XA XOHEFZ2FEEL, ZO LI A= 4 M2 HWTE
L, 20%, KEKEZGEZZ, &b, 2 BIZ 1 ERE, KEKkZE5EZ, £ AENHELS ETEY
L7z,

(2) 748 - RIE&

WOHE 1IAREN BT, I% 1/5 XD Arnon & Hoagland No. 2 AR~ HE L7, 1M
Bz EE A 1/2 J2 % O Arnon & Hoagland No. 2 Eﬁl/ﬁi—“fﬂ Ex, RERERGB L, ZOEHIZEN

THEHEMn RZE2FELLTLTEHZDICpH Z 65 IZHREL TWVADOT, & pH THEAELLT W Fe X2
KER 2 8E T D 7= 012, Fe & 3@ H AW 6%(b‘6/}§fi D500 pM EE Le, BIEAHFITI3BLAD
bozMn, AR VEBEWEE E, M EXZ DREFHROORIC 1 KO # 1 HRE LTARL DT
. 26 KT O R T2,

ZORF, Mn M x 7o HUCBAE L 72 X % Mn # /2 X (+Mn), Mn % 2 CTW 7R WEFHIZ R L 7 X %
Mn KZKX(-Mn) & L7z, BIEAGIZMEEOBAZ 72D, 0.1 NHC1 &M T 24 RFLL EEREJE
WEEIT o7z,  HWHOEHIX 1EMIC 1 EfTo72, 2o AEE7eyal) —LEETH T,

Mn RREXDOZ A ADHEEZFHE I Mn RZRDX A AOHELEFEH AR LT,
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BEHE3 Mn RRDF A XDE BE4 Mn RZRDHF A XADE

A& PIXE [Z& B 0H%

FROFET, MI0AMBEKR LT ey 3l =L X4 X eGTREORENTHEE L, OHREICIX
HAT7A Y h—7Ha)CREEY A 7 e ha vty Z —(NMCO)~d %O, KR PIXE % VW
I EAT 572, Mn BEK & Mn RZXOMW 5 CTHE (8 6%) L hE (B2 MHllEIhz, KK
PIXEJEIZB T D70 b OREREIL 150 & Lz, B S 25X, BESMAEN 2 NE 5 icke
T—7 IR ETHEE L, RE/IR FAHO Arnon & Hoagland No. 2 e Z8 B IR D KBRS
TS SN DIRE THRE 2T o 72, KA PIXEWZ LD 0O %2, BHE5|ZR LT,

BEE5 KX PIXE DEBEO v —AREOHS BEH6 HEOKT (HEHITrya)—)

B &K DHERGELERE

BT RPBEN TR L7 0y 2 —% ESLOHFETHNCH 1 A RS L, ZoMRoe)o 5L
ZHAP> THWENLH LWELZJE L, HWVENLDIEICZNRENE 1 E~F THELIES, TOEL
ORI L VUM L, BFREELAL AR X —O w7 an 7 ¢ vakdEE (PST #4582 &
A A=« ran 7 4 VG RIESE FluorCam 800MF) 12 LV | KA OIEMED—>Th % KAk
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ZRONOTOEBEBAOHENE KT HHE LTHLNTWD Fv/IFm ZHIE LT, T OFER., FRSmM
PR DA NV REHRERIENE OBBRERTF T2 FIEL L THEFEAN LTINS 18,14,

3. HBREEE

PIXE &k B TTRDHT

BHWEO Mn g4, K1, M2 RLE, Tryal— XA4X WFhOMY THLHEL Y &
FETHEH WD Mn BENAE SL7Z, Mn KZHEIL, FTENOBND Z ERZNEEND 8, Mn RZX D
HECTOEW Mn L, B~ Mo BREAITHOIICSWI LR L, Mo KRZIENRFHIETE LTV &
WO BLG L —&T 5,
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BHEMBED ClIEEAZ, K3, M4IlRLiz, £ETCoMYTHEL Y FETEHEW ClEHEZ R L, Cl
WY OVETLHFETH Y, CLIZNHARDOKDO XS RICEET25 69, ZO7d, HETHLRGRET D
720, ClBFETDHIETTHD, 7ryal—TiE, Mn £EX E Mn KZ KO 7O HEE T HE L
Mf&u\cu»;%ﬁbx*ﬁﬂjéﬂto XA ZFHEED Mn £/EK E Mn RZXTiE, Clidfmiishenoiz, #
ETIIRERDB I NAITITONTE Y, EERICB T 2 KD EERICHNEDTRETHD Cl BEA XD
Bl :Jbu\ﬁﬁtljé;hfmwt DX, BKREN, 5%, 2O LI BRBRICOVWTRIET OILENH D,
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FREK Ty 2 =B TIEHELY FETEHLS, Mn RZX 7y 2 ) —CTIEHEL Y FHETHE
20 —EOHEHMITR LN -T2, Fo, XA XD CulRElX, WINOX THLAEREILRN-T-,
In BT, 7ryal) —CTHEELVHETRWHERTH 7R, X4 XTIHEMIZb M bR ho T,
In OBITIZOWTIE, I L Y B3 dH s Ebnz, KIBER, 7eyval) -4 X
DO CTHELVHETE T2, ZOZ E1E, KIFRHA S hARHRICEE S L 0mRE 19 —F§
HRERTHoT-, PREIZ, 7oya ) —CTIEEELVHETHL, PIIREB I HAZRMETPILES
MELTHIEELTWAEEDREN, ¥4 XE7 ey al —E IR, FiEL v FIE-CEVEeE L 7
S, SEEIX, 7ryal—LbX A4 XFIFERCBEMERLE, P, SiE, Cl &FREBRICHDENZ FIC
A A ORETBENT 5 10 WR ClOART A AOFETHRIEIN2hol, ZOZ X, ¥4 X
FET CL AR SN2 WBIEN A A U REOBRTIE R, ClFHADBLE THL LA RB L TE

D BLRZE N,

AHFGE T - 72 K& PIXE 2 W= o EZ 0B W TIE, X6 O Mn KZRX A A XEHIED Fe %
ZIIUHLE LT, MESNZREOEMAERAN KX WHRENMEE O, 20k EIX, K&K PIXE &
THWHND 7 v b E— LD ENY T L IC R s lzb B2 LN D, HlxiE, MWEICE
WC Mn 3 BERR, KABEIRMRT ., SO LEMICERE SN AN E P RELMOBEMRETHESINT
W5, MnUAOTEIZBWTHRBEOBSBNEL HAEEERH V| > T, K& PIXE E4 W T
WMED LTI AT O BRI, MESMEHR T 2RLERND L &b,
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SACE R AN B BEND RN EERLTEY ., 20

Mn+ Mn- S CHAMIEE RN L 2R LTS, M1 71245

N5 L 5Ic Mn XS B LRI, BC% 3. 4 B

BTE 07 0.5 N CHERRT C e A FRTE AR VRS IR 22 B By ©

% 6 % 0.68 0.81 DI LiE, Mn K248 E <R L7 30 IR O M T

%53 0.76 0.79 BICEZ > TWnWHZEERL TS, —FH, K1 8ITRL

o s - 7= Mn BERAIY1T 35 C BRI S A BRI P 0 4\ sk
RN T,

#3% 0.84 0.77 2 11203 Mn B8 1K & K2 K ORI O FHN S 5 £ T

B2 0.83 0.83 D FvlFm ExZR L7z, ZOHEDOKNBALFZT DOE

FRE S 0.83 0.82 DOWMNOREZIZRLTWDS, FHENDL HEE T, HEK

EMEICRFICREREBEWVITA LN o T,
HERDOIALF R MITERE DT T a4 REICHET A2BEDKESHETHZLICED, Kb E
EENZ LIV EDLN, Mn iXEOMFEOMKE D Th 5 19, £z, CLIZZOMBICKLERITHETH
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7O BEIR A 7 NRERMARD Cl OFREIX, EREICREELTWARTIIET mMUTFTHD
EHRULBNTWVDN, HARKICEIT D Cl DMAEMEICHOWTIE, #ERLHDHEITHD 6, Cl DA

ICBT DEREICONWTIX, 4%, IEL., EREMRFTL TV MERD D & Bbivl,
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Difference of concentration of elements
depending on age of the leaves of plants
—Measurement of elements in plants by in-air PIXE—
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Abstract

Soybean (Glycine max cv. Nanbushirome) and Broccoli (Brassica oleracea cv. Haitsu) were
hydroponically grown under Mn supplied (+Mn) or Mn depleted (-Mn) condition in the green house
of Iwate University. Relationships among the effect of Mn deficiency, leave’s age, concentration of
elements, and activity of photosynthesis were investigated. The plant were transferred to Takizawa
Laboratory, Japan Radioisotope Association and concentrations of the elements of the intact leaves
of the plants were analyzed by in-air PIXE (Proton Induced X-Ray Emission). In the separate
experiment, value of Fv/Fm, one of the index of activity of photosynthesis, of the leaves of Broccoli
was measured by two dimensional IMAGING-PAM Chlorophyll Fluorometer (FluorCam 800MF) in
Cryobiofrontier Research Center of Iwate University. Our aim was to verify the effect of Mn and age
of leaves on photosynthesis in the plants.

The results showed that Mn and Cl concentrations of soybean or Broccoli were low in new leaves,
especially, in Cl concentration. The result of Cl was different from those of P and S which are also
translocated in the anionic forms in plants. Difference of the concentration of elements in leaves
between presence and absence of Mn supply was small. Analysis by chlorophyll fluorescence
imaging showed that activity of photosynthesis in the interveinal areas of the leaves of the Mn
depleted plant was low, especially in 3*d and 4th leaves. The activity of photosynthesis shown by the
data of Fv/Fm was not affected by the difference of Mn supply. In these experiments, the
relationship between element concentrations and photosynthesis activity was not apparent.

It was noticeable that photosynthesis activity is not affected in spite of very low concentration of
Cl in the new leaves. It was suggested that the relationship between photosynthesis activity and Cl

concentration in plants, and that functions of Cl in photosystem II needed to be reinvestigated.
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