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Agriculture, Yamagata University, Tsuruoka)

I & hlo KO BER, E IRV S B BARIC, 2o RS i
Y S Fu, AKEAREEME & 72 o ¢, RARBICRL T 5. 20 X 5 BB oM T 215 « 8
B, BRSHER S e B ROMESREORHSEC X -, BERKERFPEL 5T 5.
PBEDOE S OLEE, —RCBIECHEE, BBRET VI =0 — 2RSSR L,
F TN = a— WRGROWHERILI OB E LR E L 2 0EM LR T, BRI EERo
ARG >V Cik, X S REEPZOLBRETH S LEh TV 3D,

TECBEERIE M e L&, RS TENCRIN S N TR IS TRTE T B TR R AT 5.
= O EO BRI R O SEEHERGE, £ OORER ERTB L, Thictts T EolE
LIS BBDOT, ZORNIREEL LTHERENIRIE TS 5 itish T3, +i
DREERIRIN B ANEEE O BRI - THAT 2 0 ChIE, KB L8 & hi- B
13, BRECHERSN ALY b, HEERRHSRICFREBO £ £ o8P icEET
BETH B 5, KRB OB LIEP COBE) « MBS BNAES Y, 204
EE SIE Y, ERC L 2RNFIHOMBLRES L5 LBHFShS.

UL LIEM 3855 2 RINT 51213, ENENERR S - T, % L TEIE—ARIC iy
BWRETH 50T, BHCR W TEROBRINICGRERE O X o h8 e 52 50 %
MBI, EYaHcETs oL, LEBROFEECET S b0 L OMEIICSVWTE
2hIERLBVY, ERBRERD > T, AEEBERSERL L CEBER L 2 5w
DIEH L, EHECRZABMT bR &b b o T, BEOBIKIE X - TR
VEDC Rt 2 BEMER ED X 5 B E D J It ovTiE, BHABERD 3D, EY
PEREOHACSROBRERINT S L LT, 23 L b i ic alis e 2
SRICHFETZZ L FOFREBD 2 bI Tl VL 5 TH 3D, ;

Lin ULk s, Ll eER 2546, LEOBEED 5 WTEHE S h s ik oges
St X 3 BRI, BILBRONTGRBILC ED X O L BE 2 20 WL M
FTH5Z L, WROENEED O CEETHD LEL ML BT 2 ET OER LT
KoleDTLORERERET . -
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76 g K EAC I (%) B W2y

1.2 & 7 &

At 2 e U, v A IKIDIEE & B4 &+ 40T, IR R
EEGHHED BB Uiz, S b LEOFETFOMERE 1 RITR L.
At (Imm OEFZEE) O—EE % 100ml 508 Y = F v U RERICIR L+ ER
FIEROHREERT5E—BRMEREE ML, B U CHTERECER L., —ER
[ 1%, WH I U2 ORI O BRRIEEL 2 8 U, I 7 VAR O BB IR B 1 563 % I8
BEBB L oINS Uik L L,

WL Pt

P B ORI 3
: 7* | KCl n
No.1 4.5 3.6 42 1690
No.2 4.6 3.3 53 2100
Al,O3 mg/100g Fe,03 mg/100g
N PHLO ek | N N DHLL it
N KCl 15| 2 HOA~C ‘ i1 x. 5 HCI > HOﬁA.C | AR
WA | i GING HIA | R wfig
No.1 135 67.5 67.8 21.0 6.4 11.3
No.2 165 48.5 35.4 12.7 4.3 21.2

* 100g DfkRE Y — £ % 500ml O7KIZiA L 99.5% OFFER 156ml Zhnx 1 &3 %6)

i
pe| c %
No.l 55 0.36 26.3 5.4
No.2 15.9 0.92 65.9

N % CEC me/100g Bk CaO me/100g

O X 9 UCE BRI 1K 20ml &nx OBl L, Bickie X bR
4 [EHE U <7 AFE 100ml oRic > C O BMEREEZMEL, ZhiZotio
W3 Ul R B3ER T, 20 LEOWIN LiclipEy: L,

DX D SR X o CRIGERRBIN T E O v 7 Y v O FED 1St o < Hue
DR MNE1T o7, Wbz o48E, INKILT vt =0 — a8 50ml CRibE
BL, BOOMEL T EEEEHCT, BoltiicowTEkic, 05N 7 vfb7re=a
— &, OIN KEgfbT b Y 7 A, 05N B CEhZh0E L, #BHIET OBBE 2z
LTohEtzhZh, 7V =a— B0 (Alp), $BE Fep) BX, wrvy
LEUEER (Ca-p) & Ui, BBROEREBETICL 5T Y 77 VvEE B1EBIO
B 210k - . '

2, RBRERE L UER
8 L TBoOBBREEICRIFTREOME

JAHzA 05g iz, BN 2mg St MEEAINEYANE 100ml %hnx, 7°C, 18°C ¥ X 0835°C
CZENENARR L, BREMA Tr b ORSEIFE 28 - TLIRAIE L mELHIE L
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FIRBRROTTINC T HTIZE (5 1 R)——IIE « AR » Te3 7

Too TORPRELIR (201) BIORE (20 2) TR LE.

P,0smg/0. 5g P,0smg/0. 5g
1.5 1.5 s
——==2 %CL 040
35C /,,«2«‘"“‘““"-' .«"/
w19 ) =7 110 Rl
Z - 18C
i3 %f// b3 o = g7 -
X P
153 4 /~//:7L18°C 153 /./'/ﬂ,f—
& iy # e
/S 7C T e
7o0. soél ’ 5% 0.5 //’/
v £
50 00 150 B 50 100 150
& oam o m He ] £ ool oM i ]
W1 (Zol) HFIK (£02)
L OBERIRIE R & IRE L OBk TIROBRRBGEE L IR L OB
(Nol  4-#) (No.2  +-4)

RROBEPFEL a5 L, HBROBREFERIMAT 20, TOBE, BHREnz<
BB X I0RR BRI AicBlbh, S ME O BRI E B B 2 5 IREE ORERIIRY
Thoie. Nol TECIRBEREIMNZ TH 5B &2 101H <, F#EERE bISBRTERED
EVFRIUCIEE L7228, No2 3 d o TIRIRERIC X - TZ A B i Y, 7°C Kix Nol
I % & RERICHY 100 e TIRIEIR B ORE R &R Lz, 18°C R L UB5°C ol
RER CX, BREinz <t 150 ICE? b BREROWMEME L, 20X
12, RS B ORI 2 W e X o Cr oM E R 58, Fhuk
No.l 380 BHERRIAREAHILT00 T H - T, No.2 +D 21001z~ TH /s Do &
by FRRENLZ L Thot,

TR % N2 C 150 BRSBTS ORESIC OV TIRE T 5 L, Nol Tdllicd - i, ERK
DRI R & WIS R 2R IS b5 T, BIRE T RN S R RS R T b -
T, FREROWHEROMICHELEEE RAZ LML, -7, Hbi, No2 +i
b - T, KRR EENSCEREERTH Y, ik, EIRERED Tk X g
ERTCHD0OT, FREROWEROMICIRENKE {Hbh, HBREERICH 2 3 HE
DOFEBPHRCH - 7.

5 1 BB T R B ORI, REE B IR 2R Y, C e TeEb
L, %7z, #0OBKEFHEEY Langmuir Oz,

X _ abc iz X _ \w )

M Iac e o= la ) B
a ={EHk
b =B

¢ = HFyRRE
KHTEDCEHETNEE 2EONL Thote, ZhbOEEREIEL T, BENS
v, TEOBRBRERBAOZE LV ERXbMY, F, FTEOBRBEEICOVTO
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78 W RT3 (Be2) W6k ®2w

wok BHEToEHhRoE Hsx bmasz LBRH¥ES.
= HH S PlbkoX S, TsoRmk-
\\\\\\\ HHIRE | p s R EEDE: 1 i
HHONIREC , 2L smg/ 1.0 sol FHRICKETREOKE, L
7 p =0.19710.356 1.291 BoOBHIcL - T, oL
Nol | 18 p =0.25410:313 1.251 Bz Liedd, 2k Lo s
® | =ps b W L TN B B W & 1
7 p=0.214¢0.274 0.932 RT3 e Bbhs0T, Th
No.2 18 p =0.244¢0.314 1.305 R LNCT DD, ROER
35 p =0.362t0:262 1.447 e
Tl ol

P : HIROBEBER  P0smg/05g soil
t o FOEERE hr
EER 2. HIEOBERBREICHT DEBEER L REDRE
JzAt 05g iz, PR 2mg, 5mg, 10mg, 15mg % & T HERINEAK 100ml &2 hEh
Mz, 5°C B X0 35°C Rl AR L, HBR1 &Rk CLs o BRIE B & ME
Lic., Z0fE8, $2F (20 1) BXOR (20 2) Rl

3 é’zO_smg/O. 5g 5 szosmg/O. 5g

35C 35C
o 5T
5C o 0"
3. 0] i
oASmg B0 °{Snlg
: Ko X
Sk 2.5 2,
gz f—k o0 };;2 : Amg /"
g % o
W 2.0 T % Mo oo [/ . eI
10mg o _— o o
% /" " ) % & —
" o -5mg ’A()mg /{
®1.5 Zs=5mg ®#1.5 — Smg
i {5“)&1 /‘, ©
A X,
1.0 — 1.0 i
i Axg ing ! /t/" = 2mg
/ x T 2 ong
0.5 0. 5(" =
< / :
L3
50 100 150 50 100 150 50 100 11;50 5.0 100 150
i ] ] IR
o8 w o[ % R mE M
F2H (tD1l) w2 (£xD2)
IR OB E R T S B RRIRE IR O BRI E B R D S RRIRE
FLOEEORGR (Nol 1:45%) BLOREOMHE No2 Lif)

Nol HBOBRREBFROLE RS L, Zhidnz 2 HEEOHIMR T THEAR L.
L LEOWAT2BERRECL - TR Y, KRERIEH - T, x5 BEeE L 8
LTh, ZHIISUTERERSEALARWVY, BRKICH - Cix, Nz s HEeE o
M- TH L REL RS OT, KEK &ERK & OBRRERORET, N % Mk
BOBIC - TEFTETZE L Rok. No2 +H#ilcBv ik, EERICH- TS, M
2 5RO E U T OBMIKERIIF 2 VAL, BERICh- TS, Fi, M
2 BB OBEINCHE - THAT 20T, KRRK L ERR & OBBRKEAROWIEL, Zh
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TR O TEIC T AU () L)) 18 « AR5 - R 79

Fhoz 5 BREORT, KEAEEYORWEE Lo/, A, No2 Hiicdh - T,
Mz 2 BEERLTIE, KRBT, 0BRSS RZHBIRS EE2RL,
Fie, BHRECRCTE, i 28ERESDE CTY, ORISR A & /il
R Lk, Bbz o+BolmlEiEx Nol e TAkThoT, EBR1THLE
WRLABETh oz, Nol Lilc vk, Mz s HEmENS < b, KRE O,
ZF ORERRERT IRV RO TH 5N, iR L CEREThIE, = oMRRE
BIEED TK&E {0- T, M 2HEBEOL WIEA I, BTSN 2 REQKED
T Bz eidm&hic. LrL, Mz 2BREND L CEAINE, KREKTHZ 0%
FRINE B BRI S <, &7, BIREKOBREERIILBHD IR v0T, 22 TORED
HAEIHEYVROEP o2
Iz 2 MR O WRE ZWIRHEINL T, ZoREEHmc Ly, Thiciids 150
R O L EE O SRR E B R i L o CREEE, £hidd S Kl X Ok
P.0smg/0. 5g REEENRER LT, 33 KO\(‘V(;’
"_Mli@ o B DRSS BRI A &0 X ) R
y; ' %52 5 B ¢ kT % 72 @ Freundlich

1
DO ELR (p=aCn) 1A L CHETH
3% ORI R OM L T - 7.

No.l' 45 No.2 3
5°C p =0.123C0-211 p =0.836C0525
35°C p =0.146C0-219 p =1.260C0:250

P HEOBEREER P05 mg/0.5g soil
C :mx BHEROIRE P05 mg/100m

Lo kT sz LItk > Th, No2
s T80 Nod HiEL Y b, K& mBRK
P.Ogmg/100ml ~ P:Osme/100ml  ¥HEEH 5 L SHMHE N B,
Weom R Dok bie, LHICmz B MROR,
3 [X . ; 5 e ] R
LHORRERE UM - RO, ZOREY, LEOHRRRIARICLE
BEREILEE 35 X OYREE & ORI TRz oW Nod +iie No2 ik
T, MR BMERTI LR, ED
B, A eI S B e L, RE L RIS LU TAERT 5 LR omER
By, BB > T hERET 3D LHEESNEOT, ThbOBREHLMCT S
W, WOERZTE -7k,
RER 3. TIEMRROMBICRIZT T HERNRE S L URE DS
A+ 1g iz, BER0.1mg, 0.5mg, B X1, 25mg %2 ENSHBERINEAN 2ml,
BXO, 10ml 20z, 5°C LW 35°C iz, Ml L, —ERERE%I, KEnz
THE % 50ml &L, EbWKBIABL, ARk b A shaBliflieL <z
hEh, BROWER MINEZEHL, £-t8BmomBY M E{TE k.
Bk 0.1mg & Nx 724540, JEE2ml, 10ml offh 2 b, WhEe b, HEmnz
TH bR L SKHUNICEOERPRINL, WMECHELED b Eh o, i,
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80 MRS I () B6% $25

% 0.5mg Mz 7chE b, JEE 2ml, 10ml oMh b, W-tEe b, HEnz <
B &2 20FHILANIE, ZOBERO RIS BRI L, REOPE LA LB B L
Hkispole, LhLEDOMhOSE S, Boimktsm, HBEROMRICK LT
VAREE DR B, FHCHEER 0.5mg, R 2ml OBH 3 Z WAHBNORE R
7&.

BilR 2.5mg EINZ 72 BA OBBIE E i3, H4R (20 1) BXOR (20
2) R, YRR 2ml Bl SBERIRE OFE A3, JEE 10ml BT S BERIREE 0K\ T X

" 350, 350, 2 mu/e
2'5205mg/g . 10ml :%C,Zm! ] 2.1;20\,1115& 35C, 200 355, 10m1
/n;; 1—3\{_\ — 2 u
2ml p— Y ®
2. 0/ == ,75(.:_91_ _k‘K_ X 9, O{'/;//V\I\S"C, 2ml o —a
o " — FS
M% ! 5C, 10ml W ‘f‘ . "/‘mz\\\
15 M st 5, 10ml %
L g
Ii% 1.0 I 1.0
1 i3 !
0.5 0.5
00 200 800 400 500 100 200 300 400 500
=N =1
RN (5T % B B M S
WA (2o 1) wAN (tD2)
BT TR 2.5mg i 7o M G O BERRISIN & LR g 2.5mg hinz 7285 A DB RS IR &
MY O Ok (Nodl 4:35) TRE s X OVERRIRE oMk (No2 1:1%)

Db, %z, 35°CHILEREDS R, 5CHILKREDSE LV b, WtEzhZhfiid
KERMEER Lic, SR O BRBRIEERS X OWINE i 2 v ¢, W3 clhikh
¥, —fEeic Nodl 802 No2 +#icB 5L 9%, thEFRREWEERRFLE.
BR oW AR L RIE L ORSEIC >V T AN, #3RIGRTIL, WHEE b eheh,
5C »F 35°C LY, Fi 10ml oK 2ml LV, v RKEREER L. B0
WA B & DR & OIERKTH D Z LT, mm;oTFMT%ﬁﬂ%%@%ogw:a
THY, LR L ORAMBECZ LERT OO TH NG, HERSKILE, b s
RIRE T H8 L KR LA ,fn%nymv%@ﬁ%%&mfnwra<,i%a%
iR & DFEA AR L0 TH 5 Z LR Sz,

FIR IRTHER 2.5mg iz i B OBFRBOR R < MR & IRESS X ONE OB

@ 5°C 35°C

e @ (b)) fa=b) | (@ | b (a—b)

1 BERIBGE R | HERIBUNE | (a—D) |~ (@) | BEREUISR | BRRRUNE | (a—Db) | (o)

m 1g/g rglg % re/g rg/g %
Nt | 2 2460 2350 110 | 45 2500 2450 50 | 20
0.

10 2300 2000 300 | 13.0 2500 2400 100 | 4.0
Noz | 2 2350 2000 350 | 14.9 2480 2950 230 9.3
0.

10 2030 1550 480 | 309 2300 2000 300 | 130
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LR O TN BIT DI (5 1 H)—J 1 « AR « Th3 81

BICRESNIBREAKTHEBLES L LTh, oW HEE, BRETEREShE
BECRELTH o, Hib, & OY4 0 HEOBIRIEE RSO FHERIZ /N TH B & v
25, Hio, HIEECHIREINZ 2BA TORERK, & OBRRILEE SUS O EST N T
BHole, ZOZ L, FEIEERSML HIVCERT 5 HREROWER, BEED S
CIEEBEORAICE VT, RRED S WCIMEERECBT 254 L, TRENERE S
LOTHDHZ ERHEES V.

hECHERE & N T 6 500 B & BT B e, HIEREROKEES, TOoROME
BEDXDRT MR U, (555 K~ 8 [X)

No.l +#oMEE 2.5mg K 2ml OFAOEEOREIC L 5 8L ki, FEiR
Kok, LEHBme L s, &5 Alp EXEARICHML T, B % 20 Bl cREE
DEERTIESLD, ThEBETHRBFOENED Lz, chicst LT, Fepidbk
ZOORFH E T OREAMML, &S CTHRITES £ ORI T B EHI L H B 23, 500
BB CRAORE R L. RUAHOERRICS - T, BREmxc4go Al &
i, BEREOZNL VDR CETH B0, 38X F60IM = CEORMEMERT T, 2w
CREKO Alp B2BEL, hBLOBMKRINEERT 2 EEME L. ik
L Fe-pix, Alpiciid s L, BX% 60 E croEAAREINL, 20%Y
i % f5ei3 C 500 B B C B RO BIGE L2, BRRK O Fep BL D b, 2hic(&iLE
M Lic, BIBBERIE S - T, KRBT 2 X0 b, BRIz Tr b &P VIR
TO Alp BOAMABEMNE ZOBARD Y, FAHMEBELC, KREKI D bk
Al-p &L, KRR EZEET2LED Fep O&FKERD 2 LR, Z0BEA, B
fROWEE 10ml & L7k X O0F BN REMREONELZ AL L, REE 2ml &L
LELBFHEPOBEME R LN, S 2ml oA X Y Y, Alp BOFSRELL,
%72 ® Fe-p &icxt+ s Alp BOHEL—BIKT Lz

BER 0.5mg % Iz 7o a O LB R 25mg # iz A T A CEMNCEDS O
BEKRTHZ R, COBRECBVChIIEE 25mg DR LEBOEMERL, EE
PR Alp BREBICHIMNL 2 L T2 0% Ui, IREME & & @8I0 R

P,0gmg/g P,0smg/g
L2 [Fe-p, 35C 1.2
[Fe-p, 35C
1.0 /.,\ /Z/ 1.0 —_— L//
PR e S ’
MFO S;Z;x\/z/t\l—p 50 \t’\le -p, 5C MFO 8 o / ‘;Ie » 5C
Ul 3 I:'__,x————‘—‘——*‘_‘ Y/
w [ ¥ 7 o~ -Al-p, 35¢C
0.6 o, 67 \3 s me———
Al-p, 35C >f
0.4 ﬁo,d Al-p, 5C
0.2 0.2
00200 300 400 500 100 200 300 400 500
R o 7B w I
W5 (to1) FESR (20 2)
No.l 43, 25mg, 2ml DIFEO No.l +8, 25mg, 10ml & D
Al-p, Fe-p oy Al-p, Fe-p DilE
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82 W KRBT (B H6% B2
P,0smg/g P.0smg/g
1.4 ‘ 1.4 .
/ Al P, 5C
1.2 \g ok S 1.2 \ \
= A Al-p,5C  ~Al-p, 35C
e 0 Al-p, 35C H ok ‘\tr 2>—5/"/A
P t ————— e
0.8 0.8
L5 = i3
FFe-p, 35C ol o
a8 5 e-p . 0.6 Fe-p, 35C
. S
H /vﬁ-ke:,__—a_ 3 B u\ /u_\q
ok '/ e Fu-p~5°C 0.4 / /?/_’_—'
o v\I\Fe—p, 5C
0.2 0.2}
100 200 300 400 Fig)" 100 200 300 400 500
&m0 M Il g ng [ Il
O (tol) HE6E (£D2)
No.2 43, 25mg, 2ml! OBFEHD No.2 -+, 25mg, 10ml OFED
Alp, Fe-p Dl Al-p, Fe-p OHE
P.Osmg/g .
Fe-p—0. 5mg—35C P,0smg/g Fe-p—0. Bmg— 35T’
B—\n__________n“‘“——_-_——-———“ n/n
0.20 o e 020 eI T
‘},3';% Fe-p—0. 5mg—5T },;}4 / ‘\f\I‘L p—0. Smg__Sﬂc
1-p—0, 5mg—35C ‘o -jqﬁ Al-p—0, 5mg—5C
. 3& B RN e i
2 ey B T 0.img5C
0.10 Fe'p e 1"‘5’“350 >“=x ’ 0.10 T =
Al-p—0. 5mg—35C
® / / T e p—0.1mg—5C B ’ e
N§” ) o Al-p—0. 1mg~5°C #:1::\ —— )/Al—p"O. 1mg—5°(3
A \4\‘ N
Al-p—0. Img—35T :Al-p—0. Img—35C
100 200 300 400 §_0Q 100 200 300 400 Hsing(’)ﬁ
& B Sy & B R i
HWIK (20 1) W (£D2)

No.l i, 0.5mg 3 X 0.lmg @ 2ml ©
W&o Al-p, Fep OJHE

IR EDBRIIERR ZEETAE Y

BRERORCBER B A KRERETH - T,
iR 0.lmg 2Nz 7284
bo TR L L 57 Al-p« Fe-p o BRIZED b 528, JEE 10ml

K32 X5 nEECL2EE 5T

ZHEFEIEARHIR L o Te.

ABEBAEHIC B » T LSRR O AR B 7o D R 1g ok Uik
BNz B v b Ehoaic Alp .« Fe-p 0 BRBROHER M 5 b FBRICR S hie,
ik SR OEERLPHRE R Z LILR - R E i

0.5mg T b ¥E 10ml DIFA

No.l 4, 05mg 35 X% 0.1lmg @ 10ml @
&0 Al-p, Fe-p DlE

Alp Bz MR LTk,
—xiic Alp Be Fe-p B LT HICH

¥ 7z Fe-p BlIC oW TIRE

TR WT HikE 2ml
lein s &

2ml CHR0.5mg
R

BRARESKCBE /e d Th S 5. IR 25mg 2 e LEROBRRIBIAE L Y

LA 7R D BRI OB SEET 5 O CHEER oM EBEGR T
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LIREREOTEIC BT BT GF LHR)——)1IE « ARF « B3k 83
N 4F(’)205mg/ g

P.0smg/g

‘\" ;Al»p~0. Smg—5C
0.30 \‘ * ) 0. 30k
) s \ Al-p—0. 5mg—35T
wo | VA \

A= “"”—'“\ " Xa2— Al-p—0. 5Smg—5C
®.20 s cj\d —
' 0. 20p Al-p—0. 5mg—35C
B I‘e p—0. 5mg—35C"

s Fe-p—0. 5mg—35C “e-p—0. 5mg—5C
/k/re-P‘“O 5m;,~5°C "\

Al—p—O 1mg—35°c iA1 p—0.1mg—5C & Al _ _ o _
- 7 P 0 lmg 350 \1 p—0. Img: SC
% 107; §o00g «.&“zt—* ‘I_,_. 3

\ (ﬂ{;o Tmg—35C lHe—p*O. Img—5C

*?—Al p—0. Img—35C “Fe-p—0, Img—5C

1007 7200 300 400 [39% 100 200 300 400 500

2% 38 r I @ o o0 m Teelhl
W8 (to1) EOE (£ 2)

No.2 43, 0.5mg ¥ X ¢ 0.lmg @ 2ml © No.2 £33, 0.5mg ¥ X % 0.lmg @ 10ml ©
B&ED Alp, Fep OjfE BH > Al-p, Fe-p OjfE

LR E RS HE DD o7, PR 0.1mg ZIFE 2ml & LCiz i) émﬁﬁmﬁﬁf
VB 0.5mg YR 10ml L [f—TdH 525, 01mg L\ 5 R E AN 3O BRI eI )
f%ﬁm+ﬁf&5%@i§%@@%ﬁﬁﬁfbkﬁﬁﬁm<mok.ik%@OMw,
& E: 10ml OEAicid L EE O BRI U TR E S TRE L T % O T8k
BOBMEGBRHELA TR R o7,

No.l £#icdh » T, FUBR O EZWLE, Fep 2 Alp LV b ohieEEERL
7e s, No2 e vTix, Thixtic, Alp @5 Fep LY bohicELLLE
Kﬁf%ot L2 L, MER X OBERRRE S LR ROWRICH L Ch 2 28 Ic>

Tix No2 +#icdh - T Nol Liicksid s L EREEOEAT, BEX o Alp
gwfému;ﬁa TR KT, Fe-p ottty v e Al-p BOEEAIK{E, %7z,
FIREX co Fep OIHZRBERED bk,

B % TN 2. C 500 Rl 4 o X RB A LR B 2 IR L 7o B BB 4R (20 1),
A/ (20 2) @Rz, Nol i\ CREROREEZ Thid—Eiic v - CEER O
FHDED Alp BLUOLED Fep Lo THY, FANHEEKEELL&MIC Fep
DK Alp T YVELREERLEZ. No2 LEICBY 5 EERO LT b —KMICHEX O
HHBED Al-p, £Eo Fep LT Nol +H L BP0 £ 30 528, UMK %

9 Al-p 0FHs Fe-p XY b S BER L.

TiECng 5 BREOLDPART 5 EBEROMRBRIC Y 0 X ) hHBEEX B R
B, Nz 2 BmREEEMNT 52 LicX 5T Alp, Fep 3ffh &2 0B EH#INT 2
B, ZOWIMEREALEE SHHEFCREICL > TEhZhREIC L. Nol HHoK
RT3 v TR 2.5mg &Mz 72 3-E O 0.1mg DA 5 BNk Al-p 015~
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AR (£ 1)
Iz T Bk & BB RRE & OBAR (Nol 1:3§)

T ~___ A 4 1 B Ak ra/g R M R B e
| — . A

& f R
mg| 0.1 0.5 2.5 0.1 0.5 2.5

I ml
5 2 40 120 750 1 3.0 18.8
10 40 130 590 1 3.2 14.8

Al-p

a5 2 30 100 700 1 3.3 23.3
) 10 20 100 625 1 5.0 31.2
5 2 90 200 925 1 2.2 10.2
’ 10 105 200 825 1 1.9 78

Fe-p i
35 2 110 220 1025 1 2.0 9.3
10 135 220 1025 1 1.6 7.6

WaAK (to2)

Inx T BEERR & TR & OBk (No2 1:3f)

__THH 4 ;B B ee/g LB R A He =R
hnz 7o
~—__mg 01 0.5 2.5 0.1 0.5 2.5
O\ mlTN o
” 2 100 300 1150 1 3.0 115
10 100 210 850 1 2.1 8.5
Al-p
5 2 95 230 1050 1 2.4 11.0
10 85 220 990 1 2.6 11.6
- 2 80 130 450 1 1.6 5.6
° 10 100 140 375 1 1.4 3.8
Fe-p - _
- 2 90 150 560 1 1.6 i
) 10 90 160 475 1 1.8 5.2

18iz %t L Fep ik 8~10Th ¥, FBERICIHB VT HHIE » 23~31 ek Li5E1E 8~9 ¢
BHote. FieNo2 B dH - THIKRX Al-p 13 8~11 oighntb®Ricst L Fe-p i 4~5,
FIERR T bR LEBEE 5 ~ 6 1B, Mz s BMEE#nTsz ticks
TEESER IO BT R E BT Fep i3 552 Alp i+ 5 LY b ch -
oo TOX D iERERE Lic0k, EET 5 Fep 2Nz 2 BB OBEE T b ks
ZETHY, TORDMEZBBREBOLA L OMCHF VIREN DN, -7 ki
IBrboeBzbN, Z0Z Lk Fep NRMWEE LBETHHZ L 2RTLOTH
59,

ERT 5 EERO L EERECHEORBER O L 5 hBBE LT B0 ER5 L,
Wi 2 BN < miud Alp Bidde LA oSS 50l LT Fep fixz
N E TR U, RSO BRI S EIRE O T oIS h s 0@l e LT
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Alp BOBIMC L - The b &N 5D, BIEXKAERICEBOWINER Liz0k Fe-p
BOWMcER T3 L B2 BNk,

7238 Cap Bid4-HEEE L OB O TEMRIC o~ TR (200g E) <b Y,
F BRI bFRA L ZRSED bhvish o 7.

# E

JEGA 1g 30 R 0.5mg PATF M e &, 20MMILANIC, % 0%k &Mook
WA HEICRIR S VT LE Y, RINES U CHBORE, REORIS, bl oX/h
s fiih 2 OWENIRA YR b oo, £, B 2.5mg 2% A,
OB L ONEEE OB ML S I X B RS B b O RRINE S e hEhs
$, Eio, ZOWEHROKC X MG, HEEOIRE I X OIREE - & Z O FEEEN
B 7z,

At 1g e UE 05mg 22 52 1%, T OLEmoBRGiE 2000 L3
W, 20 25% YT AETH D, 10a By 100t o LEHBERD B LETIVE, %
e 50kg MBI Licz e s, Wb, EEOBMIEHARCIES TR
ThHM, TDEIBERETH- T, ZOEAE, HEOBMBILINEIC RESTHEEOR
EIFA PO DR b Th 5. L L, IEEAHRCfishsicy - T,
NPT 28 30 & B Ly VI LRI o “CRERRASTEAR Lt 2 R & 00 U
DIFisbh a5 EETIVE, MORITIED CTRREOPRIMIROTFET 52 L 1T
ﬁé%%bﬁ@ FERO BRI ORI Y - b, JAEEE 1g Y40 HER 25mg &Nk

IEE T 5 & O RIBEMROZ LV FELES LEX BN, Thil, BYoRE

I T b HHUERR OITENCHT L, WIRORER X ORENK S kB L 5252 L 2
BT HZ L SARETH .

TERCERR &N % C AR 5 BB O REEERC O Vv Ol ofBRICH: > T OB L
O X 5 BT 5 R HETIUE, Nol 18ied - Tid Fe-p 2%, %7 No2 3¢k
Al-p BENZIENE HY, o R8T S BIRE ML < 5/ 20 Bk Al-p BEoif
A L ), Zhligix Alp BB L, Bihic Fe-p &2+ s EIAIERL,
biend, Alp 3 Fep ZBITT 210X d iR L R o7 BER X OBERIEERE
WHEAE, BERE N T 20 E o Alp BOBINER X 0% 0% OB E N E—
JBE UL Inole, T = a— MIERR L OB/ RK T b O U OB & Kk
LT Al-p B4AKT 505 £0O—EHIRENREZE TS > C, SR THMOT A~ LS,
Wi Fep BOBME X7 FZ LICh-72bDTHHHD. 20T ik, gL
TN =0 b ORI % Variscite, Al (OH), H,PO, ot UL L ¢k & o
BA&M Gl % Strengite, Fe (OH), H,PO, o 25°C 2331} % WMIEE & i+ ko
WM RK T B 2 & b bIHEERHIE S, '

pKv.=pAl+42pOH +pH,PO,=30.5
pKs.=pFe+ 2pOH+ pH,PO, = 33.6~35.0

#1% (EEOWE) <o, TAMokEEeHbhsmMY, Nod taicr-H i
BAEOSERNBATHY, Eik, No2 e, NEUMERBHOT VI =a—aF
BRRTCholk. 2O bl TEME 50 HBEROWEBRZhZh Fep B
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T AL THBZEOVWTIhEHEB T2 LS. Ll 1;! BRI B & O
pH4.9 B « BEREEREE CBET A2 7TV 2o — ASEBIC S VT, NE/E L
HrrdicMhd Nol HBOFRLLAKTCh 7. £k, $kEREICOVWTY, pHLY
iR o BRENERERAIAO b0k No2 1ol NEECHEBRE» bitEShE
Le—ELkrol. Nk, Alp oARICEROKXE VO NELIEBHO T3
Za—ATH Y, ki Fe-p OARICH L O THEMAROBISK S S HEEE L 5
DTREVPEBDbIS.
Alp B2 O—WRMEMCH L TR TH B L vbhva, L LE RS EET 3
Do TRAFEIBICZEIL L, E70% OBERIIRE L Fep ~ LB+ 5D, Fep p—
BTSN T TR I LT 5 2 & L 5 % B—Aic i3It LR & b &
wbhiva,

AR EEERE B THR { E 7oA 7o R IMBERIE VERECH - T, EBREITH -
o L ERREIATRII D RIR L 72 X 9 1 pH45~563 BE T, —fkic No2 +#ins
B Nodl 8 0 ESBRET VI 22— LDH W LR TFHRENE L ROMK L —3k
Lic, ZDX ) IR S » TRLIED TV = o — ARLGRIXF 2 Y B WIEEO T oM
LRIGELIeb I b5, —ROBBICH - THZ DX I BEMEFCRRVDOTI 2ol
T BRI IR o HEH COITEI 2 MA—oDIBEE L TR 2D EE 1 B,

BO% LHEEHRIEO P By L FLDLR
BRO Gy BIED e 218 Alp,

A X C20H R 15 Fe-p, Ca—p M3 occlu-
No.l 44 No.2 4+ ded @ Fe-p, Al-p 75 Uiz
5Cc | 35C | 5C | 35°C  HHERBO L O N B, Bic

+ % %
hnz BT

o 2 550 | 503 | 513 | 457 | 451 No2 IHIO X 5 BIRFER

' 10 570 | 527 | 523 | 473 | 494 BoOEwIEihoTiX, H

2 510 | 510 | 519 | 456 | 4sz BICE o TRIE N B B

s 10 550 | 5.29 5.27 4.81 488 WAV oORKET S LHEE

)5 2 | 490 | 478 | 489 | 451 | 440 SAVBD AWEHTRZhic
' 10 510 | 502 | 518 | 455 | 446 fhEmwvZ liclie

1 B

BIKILJESE 2 B4 &+ 2 BRIIUR S DO K & v 2 R OB+ 245 L <, HE 0SS,
BR ORI, TRMOBMIBIIC E DX 5 kB 525 R L.

1. Azt 0.5g Wik 2mg ZiEE 100ml & U<z ize, 7C cims ma <
100 B[RS L Q@@ SR ORRICE Lz, 18°C X 35°C ¢, No2 £:#8ic
1% 150 BRI IC T B b i BIEROWME R, EEOEVIEMICH > T OWREE T H
K U7, BRRERICH . 2REOREN, HRREINZ THHI0EM O 5 HicE L Blb
iz, ‘

2. JAs;4 0.5g Mg 2mg, Smg, 10mg, 15mg kR 100ml & LTzl ez iz
B, A2 BREEOEINCIE U CHMmOBRMIER LT 525, 2oMing, Bk
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(35°C) D AMEIREE (5°C) XV bFE L2 o7, R Z T 150 RREMA O SRR 35 B
BT 5L, Nol HECiiz 2 BRELHNT 51tk <, AR L EER L o
BB OBENE T ETRE Croient, No2 HBeIig 2Bk os b fi b+
I 3L T D B o B DRI R I —E Th o e, 20X 5 0 B EEIC Y.
2 5 IREE DR OB\ X B O BRIERBOMERICH 5 L E X,

3. izt 1g wig 0.1lmg, 0.5mg, 2.5mg %iEE 2ml B L 10ml & LCEhEh
Mz, 5°C P L1 35°C el xR U C LB MERRINE & e Uiz, J5W 0.5mg DT
EINZ AR R L ORE OB FAA RO DL, M B0 SRR
Ehie. B 25mg 2 7HAE, BEB I CEEOE VG BNEh2 SR INE 2
WK Ule, Eic, BIEEB X OBIREE Tk, MRS RICET 2 RIRINE O 55 < 7t
2T, AR U HEB R ORISR —BIRT 5 2 L3 fE S e, TR omEL L
T, KEofm# 20 Fijic Al-p BBGSE8HIIENL, 2V T2 ORIESLR0EA L.
Fe-p 3 Mz T 60 E C2ORERMEL, ZoB LW ERT 2. BRES IO
BRE T, ThZhB@zinz crb—RE» VR, Alp EXAMIcEEY, %
7z, Fe-p BbE KL HER Lc, Nol +3ic1k Fep ofnohic Alp X VL& T
HY, No2 Hicixxhic Albp @7 Fep L VE LSRR TH-72, Fhixzh
O NEIENEBIHO 7 VS = 2 — AR, 3 X0, -SSR0 ga i & M
b5 LoEbhi.

E 33

ARRREOE D E LYY, BERFAFEEEEENREOHBE 2 b -
7o, Eiz, EBROBTICE, YNMESESEERBEE—~RKOMBINEE -z, - 2 c s L
x4,

& £ X M
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Summary

The studies were made in order to clarify the effects of temperature, volume and con-
centration of phosphate solution upon phosphorus adsorption and fixation by soil. Two

kinds of clay soil used for the studies were collected at the foot of Mt, Gassan near Yama-
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gata University Farm and were all capable of fixing large quantities of phosphorus. The
parent materials of the soil are volcanic mud flows of Mt. Gassan.

In this work, adsorption and fixation of phosphorus is defined as follows :

The phosphorus adsorbed is calculated by the loss of P,O5; when phosphorus solution
is added to soil and the amount of P,O; in the supernatant solution is measured. The phos-
phorus fixed is calculated by the amount of still remaining P,0O; when the soil that has
adsorbed phosphorus is leached with water,

1. When 2 mg P,O; of 100 ml phosphate solution was added to 0.5 g air dried soil, at
7°C the quantity of phosphorus adsorbed by soil amounted to almost the maximum 100
hours after the addition of phosphate. At 18°C and 35°C, No. 2 soil still continued to adsorb
phosphorus 150 hours after the addition of phospate. The higher temperature went up, the
greater the quantity of adsorbed phosphorus became. The effect of temperature upon
phosphorus adsorption by soil came about markedly within 10 hours after the addition of
phosphate.

2. When 2mg, 5mg, 10mg and 15mg P,0O; of 100 ml phosphate solution were
added to 0.5g air dried soil respectively, the more added phosphorus was, the more the
quantity of adsorbed phosphorus by soil increased, which was more striking at the higher
temperature (35°C) than the lower one (5°C). As for the quantity of phosphorus adsorbed
by soil 150 hours after the phosphate added to soil, in case of No. 1 soil the difference of
quantity of adsorbed phosphorus at between high and low temperature became greater as
the amount of phosphorus was added; in case of No. 2 soil the difference of quantity was
almost constant whether the amount of phosphorus added was large or small, It seemed
that the difference between the effects of temperature upon phosphorus adsorption by soil
was based upon the difference of the fractions of phosphate formed in the soil by the
addition of phosphorus.

3. In order to compare phosphorus adsorption by soil, 0.1lmg, 0.5mg and 2.5mg P,O4
of 2ml and 10 ml phosphate solution were added respectively to 1g air dried soil and
incubated at 5°C and 35°C separately. When the weight of P,0O; added was under 0.5 mg,
almost all the amount of phosphorus added was adsorbed “and fixed by soil and the effects
of temperature and concentration of phosphate upon phosphorus fixation were hardly
observed. When 2.5mg P,O; was added to soil, the quantity of fixed phosphorus by soil
was larger when temperature was high and phosphate solution was concentrated respecti-
vely., In case of higher temperature and more concentrated-solution of phosphate, the ratio
of the quantity of phosphorus fixed to the quantity of phosphorus adsorbed was widened,
so that it was estimated that under those conditions the solubility of formed soil phosphate
decreased less and less. As for the fraction of soil phosphate, the amount of aluminum-
phosphate increased quickly in 20 hours in the early stage of reaction between soil and
phosphorus, and then decreased a little. On the other hand, the amount of iron-phosphate
increased rapidly until 60 hours in the early stage and after that still kept on increasing

gradually, When the phosphate solution, more concentrated and more strongly warmed,
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was added, the amount of aluminum-phosphate increased guickly in shorter time after the
addition of phosphate, and also the amount of iron-phosphate maintained a higher level. In
case of No.1 soil, the amount of iron-phosphate was always greater than that of aluminum-
phosphate, and in case of No. 2 soil, on the contrary, the amount of aluminum-phosphate
was greater than that of iron-phosphate. The fact mentioned above was related to the
amount of N KCI extractable Al,O; and that of ;I;I—HCI soluble Fe,O; of soil.
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