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The Behaviour of Soil Phosphate
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(Laboratory of Soil Science and Fertilizer science, Faculty of Agriculture,
Yamagata University)
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(WU ) %54, phosphate exchange (fixing) capacity %
WETHITEY b b, Btk T a P B ik 4
% 0.5M-~citric acid T UEEH Lic b OBk % hnx
TR 2L b, OB EMED (Fe+Al) w3y =
MR > T hak T

Piper 13}& 1 #+ v{B#a%5HE, anion exchange capacity
DEEMWELE & L CLEx pH4 0 4 & T 0.33M-
ammonium phosphate T LU, +HEA IR U7 B i
% NaOH CIH L, Z ofinS&, capacity & L.
THEDREA F VBTG & v OBE LRI YIEA
VORI X - TEOEMNER L E->TWBDTEA
7 %53, anion capacity &\~ 53K LHIXFE Y TiLis\
by, L L Piper SidE A U7 FRE RekhkL
FHEEOERE, & pH 0 HELMECHEUT A DTN -
RIS OFEWRERT S,

Fo D E T ik 3 O BB B D TR % 401 % O TR
FRAEND = L2 TFhbhTwWA, =t 50g «wpH7
1A%k LT 2.5%-ammonium phosphate ((NH4),HPO,)
100ml % fnz CHE~IR%E L, 24RERIZCIER L TR L
TeEHP Y, ThE mgP0s/100g soil & LTE LK
ETHB. Ie s BRTIELFE— L 3\ T b BERE
OFEME, WE, pH TOMOEMFIC L - THE LIRS
Bz T OTENRL OLEA L+ BRI ER A ES
5.
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INEHEEFETIIH D2, & ORtkr 4 - L ks
M 78T & R & 3 5 IR & o T B iR L
Tt

WU OBEREEE (1) x4 5 Lo BRI (Q)
EV 5 BAR T OB E ZAuE, Ehud R TR
YA D B\ T 5 i - b D IR IR A & D
IO RBLT AL DRHER LTS, i KD
SRR E AL B L 2 e RIS L C A o0 5 B
RENET HBEER LTS, 202D H DIk
TEMCS 3 5 BB LA DS & BBt 5. cD X5
Teimwii->TC, liedd5Q% 7Ry b L, Fbhic
Q/T A fE « OB X - T Utk & 2 5 3%
Dl ¥hTE.

38 LB & o RS RREEIkSE L O S 13EH 0
e & &b 5. SUSERR O B & Thic
i BMOBPE DB S e B Y, DB OB
AFE T e KR & & S 7e B, Lo LiELT/ed
BEWICET B Z Lk, 2D XS EL T s+
8 &R & o OGRS R ORE & & b BIRIRE D A %)
PEPMETTH LW BRTEETHS.

AR EET DB, TGRS AR B S
HIEN B HROMBE R TE e, & S e Bl
5.

B1E TEHOBMATF UL v E
RF U v LIEERE

B rh O PR R R R — e IR . TR R TF I
MWE LB L LTk 0.2ppm BETIW & S h 5
20, ERAME T UL EE D D OUifs 23 2 3 HE
FrEhhdebicu. HEEBEOMEE & UCixfhEse
e E OB LAY O 1R TR EhTuw 5 b
DBEENRD.

AW rh DR OULIE B\ MLIER R TRES, intensity &
W, HEEOWRIN U7 iER R & K8, capacity &\ 5 2
EAMh5. N J. Barrow® it Tl OMELFRST D
TALEER T v VAN D Z E R REICIRE LDk
Schofield ¢ %. Ca-phosphate DHEF vy L E LT
CNBILAWOBMER®EA L, 1 4 vOIFE %
pH,pO,, PH, pCa 73 & CTFE LT DGR E KDL,
Ihx s ey P L FAY S A B RO A 4
DEBOENEL X BTy P LTEORE R % L
L, ZhiC X - CEBHEROBBEEYZR LT
e oBEYHEETED L L.

L. V. Withee et al® (347 1 [icm3 & 9 i/ KA+
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LIME POTENTIAL pH-0.5pCa

1 HPORINC X BBRHET v v v L DZEL
(L. V. WITHEE et al®’)

Hiyz 200ppm Fs L 0¥ 500ppm DREFE A G- Lic & & D &
F vy VOB E R U, B3I octocalcium phos-
phate, Ca,H(PO,),*3H,0 #3% dicalcium phosphate,
CaHPO, « 2H,0 &3P+ 5 & b Bk % 5.

Flo B BIR A 2 T BRIRE, RkRARR v R T &
dicalcium phosphate Dfi7{&2s% octocalcium phos-
phate OPFMREEFEFHO_ LT #IkIES< & kR Lk
(H2R). b1 3HEDMEIE, AL o2 5 v
Y MEEIED X 5 ImmRERT WA,

M. A. Elrashidi and S. Larsen® |35F 4 (X473 LT,
PH,PO, o fE PR OG- & v igiE L FicBE LT
WERE DVSIRIE X 4 v 75 8D H T v v 4 AT
&L, OB A I 2 e A oD 1R o B R RS A
h, BERRIE OBRERIC X5 X 0 b RO TR &
nTws & Lic. HEDCSEMEBIRIIAN Lo
SR X, —oukkid® hydrated Fe-, Al-oxide
DR DL G T B BIIE, (A TE BRI o>
KIE DFERDICSUET B WIIETH D, PG D KR
DESEREND.

PRI & 7l ) <2 P (g h o TR )
P (g4 rh D BEE)

FEHE—EWRIC BT, RS X 5 TE DR
BEhs L&, BREOBRERT X > T2 0RAY
MWD X5 TFHEREE 7 p i, CoEBRTIRMAL
4 A OEYE ClIAT4 CIEF I RN 2335 X 5
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B2 HPO, & iz 7o 2 R MR R TR L 7cBh R
(L. V. WITHEE et al®)
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B3 S HLE O BERRREREIE R o 2N I o Holl
(L. V. WITHEE et al®)

ThHhs L Ll

AR &S KT T OB AT ORI A AR
X o THEELKRD X 5 it L. BitEcimSh
cPiRIL AL(OH),H,PO, % Fe(OH)H,PO, & L Tik
W L strengite & UTZEE L, #ACT Tl variscite 1o
BTL, ¥bic pH 0 LRI X - THEMELHET. hik
O FHE TR LB iL hydroxyapatite L7gh, =
ik pH OB i UTE D BEMRER (LT 5. WEIRHE

2 e Acid sandy loam soil
& Acid clay soil
¥ Calcareous sandy clay loam soil
% $
3 (} ’5’&, o QO‘
<) Qs G
\'\,
o '$;o v Q\o*tv
v% %
4 Cv: = ,0

A
a %‘&
5 | & \ &)
‘?:5" % )
= | a %,
a | a 2,
& (] v
61 v
v
\4
74 v
v
gl N R . .
4 5 6 7 8

pH

AR 3 HE U ARG DL L IREE OZE1L
PR MEOHNE b7 e » b ORLEILTF

Jins EH~BET S
(M. A. ELRASHIDI and S. LARSEN®)

R OIDEL, 2RRBIVEL KL L.
R OBIRRE A BER T, intensity factor &
LUETC Lo HE A 4 vigEs pH LT 301
HIGL, FEEbOBBOB TR ARNT,
capacity factor & <4 % & LM & £FRE TE
TOWHET 5 &\ 2 5. BERTEHEERE bR
O BER O VSR &I X BRI & o DB
FRERRT B DTH5.
+EEAC B B PR OB Z OVE o AL S
B LA BT 5 b 0, 2 1EEEENC
%’(ﬂlé;}%“ﬂ BHHDTHD.
&éiﬁk%ﬁé%&r%%kbfmFE%IUAh
phosphate p 3= T#&fEdD isomorphous series ¢ varis-
cite(Al-phosphate, AIPO, « 2H,0), redondite(ferrian
variscite), barrandite(aluminum strengite), strengite
(Fe-phosphate, FePO, « 2H,0) 7¢ &2 b 5. RIKEL
BT A - S oA #E 42 E g octocalcium
phosphate, CaH(PO4)s 73T ¥ % L DED L HAH M
R hydroxyapatite, Ca,o(PO4)s(OH)y % % \»
i%. fluorapatite, Ca;o(PO,)(Fs 2\ R S 5.
N. J. Barrow® o & LEA T v > o AR A



16 T B 4

H1FE LB EET RO H B REOH
AR BT 5 pHPO, KR T 5K

(HFB™)
S pH,PO,

Fe(OH),H,PO,+Fe(OH), —pH+7.40
Al(OH),H,PO,+AI(OH), —pH+9.1V
Vivianite+Fe(OH), —pH+10.2H6>
Vivianite+FeCO, —pH+5.6+1.5pPco,
Vivianite4FeS —pH—-0.724+1.5pH,S
Strengite+ Goethite —pH+10.92>
Variscite+ Gibbsite —pH+10.72
Dicalciumphosphate-+ —pH+9.36+pPco,
CaCoO;,
Hydroxyapatite+ CaCO, —pH+11.4245/3pPco,
Octocalciumphosphate+ —pH+9.454+4/3pPco,
CaCoO;,
Fe(OH),H,PO, 2pH—pFed*+2.38"
AI(OH),H,PO, 2pH—pAl¥+—0.20

Vivianite(Fes(PO,),+8H,0) | 2pH—1.5pFe?—6.0"
Strengite(Fe(OH),-H,P0,) | 2pH—pFe’*+7.0%
Variscite(Al(OH),-H,PO,) | 2pH—pAI**+2.5%

Dicalciumphosphate pH—pCa?*—0.64%
dihydrate(CaHPO,+H,0)

Hydroxyapatite 7/3pH—5/3pCa%*
(Cayy(POy)ge (OH),) —5.24%
Octocalciumphosphate 5/3pH—4/3pCa%*
(Ca,H(PO,);3H,0) —3.882>

2% LHROBR: LBI5T B TTHEMS b 5 A
W HE DEIFUKIBHC BT % 5 F o4 v DR

& pH L DBk (BHFRB?)

ENF A vERET HA

Fe(OH), pFe=3pH—4.6"

Al(OH), pAI3*=3pH—9.3

Fe(OH),* pFe*=2pH—10.8%9

Goethite pFe3*=2pH—-3.9®

[Ferric hydroxide

(FeOOH))

Gibbsite pAPP+=3pH-8.2»

CaCO;+CO, pCa?*=2pH—pPco,—10.0"

FeS+H,S pFe**=2pH—pH,S—3.5267

FeCO44-CO, pFe?*=2pH—pPco,—7.7%’

* Pomamperuma (Li7/K 88 ¢k Fey,(OH)g & L
THETH E LT 5.

TEC AT ARG OB & LTRE L0k
Beckett Th 2. Zhik+-EEoBR R, B—RE,
quantity-intensity DERFH(4Q/A) iz X » TRDdD BRI B.

& HITE

55N AR OWARER X (R Lic T
DA (pPH)-(pHPO,) R (> 1 5% A
VIRED L LA oZ ko Ti)

(P B™)

LI B 4« PRI R AT 0.01M-CaCl, ik I 2
THERRREIC L, g ORI 0.2pgP/ml T 3 13 % %k
(4Q/dT) e, IICHIET B R T & ¢ 1 (§pCat

PHLPO)RFE LIz, HLotBThE LAz D
WHETIXIE DB B D, - TAQ/A DfEM/PNE L Te
ML F D HPO, ORENR A fe A 2R S h
7o (E5 6 [X).

M. D. Webber and G. E. G. Mattingly® (3{g# o
W & - T3 5 L BEf h D BEIR YR B DB TR
Wk D X 5 14 L. monocalcium phosphate A
7 ¥ % (5 pCa+PHPO,) L Efy D BILHHE R Q1c

Lo TEBTAERZMS 10 41/4Q Dff & 3D ¥
HEDBRE RO K OR LB
A1/4Q x 10#=225.9—4.19( % clay) +8.01( % CaCO;) —
1.38(ppmNaHCOgsoluble P)

LR X5 & okt E, NaHCO; ] rs ik
OEMME &b LTREROE A E T &, ¥
7o Z Ofiy CaCO; BB & & b I K L CHEEED
ETxET e EhEhR LT 5.

M. D. Webber and G. E. G. Mattingly® o iz
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O BEEE AT v e A EOBG ESRRH
WA RS (N. J. BARROW?)

IR DOFEE X » CREDREERZ kD2 Z 2T
x5, ThbblHEs 002M-KCl TEH L, o
PrE DXL LEE AU, T A4 v b — 7 B
(ppm) DZE{biE% 4Pe & LT AU'/4Pe %EE L. =
Dy, Webber @ 41/4Q o {EIE L& R AR L.
I. C. R. Holford and G. E. G. Mattingly® 3.5 84
e o (et I & AR METRE (4Q/4T) L DBAfRE R D X 51
MU Ute. TLHEERRROR (Q) 52 bh i ki)
HIFC & BBR ORI Mk, Langmuir f& =% L ¥
— LIRERE LW T BRI D > TER B DR E WY
A TT A EmE =T, L LHElRMomE (1)
a2 bISEE BT HFIRMEE, BIROR &k
L= T HBREH > TENBDOKRECHENFYD
FIR»PKRTHS. ThiklEmckEoQb i\ ikIov

2| |8
£

Bl |E

o A

=z ) 5

g\ & §

=] = #

2\ Z| §

2\ B §

SOLUBLE I AL:PHOS,

PHOSPHATE i v

FE-PHOS

REEIRIX D55 1 EARE

F0A4 A4 VEE EICRET

NE=HEE-TVS

AT HEORERIC L - THELTL 5.
$o2E tECIBIBHBRINOHE

+EE ORI TR & Al Fe, Ca /o &' & D RIGIC
LoTkIBEEND. ThDEBLBED T2\ T
Pa Ho Hsul® |3k D k& 5 i L. WBLIERELH
UAt2:77, chemical force it X » TH I v, WE IR
DIFHOEETHD. FlziE Al(E ik Fe) 1B & K
& LTI DRSS & 15 » T %28, T oREIIL
ZNHFE > T TERDBEEERE LT 5. Z OfE
PIRBEATE L E R A EAHOREIILLD D
DT, FRIEER pH 8 LOHBIREIC L » TELAS
N rosanE L. FEOLE T pH o8 X -
TEBI I A, Fe* ofgo b o X H b RERIG
Pepk E\IESE T Al hydroxide % X Ot Fe-oxide 2%
SECHEETHOTHE L D SBHEF R I 2TPRE
POEEZDLRTVS.

S. S. Chang and W. K. Chu'® iz X % & +HEDBEE
WIUIEE LCHi+75 7 v 2 VORI X B DT
5. Fidrho Al £51% Fe, Ca ofifh X h biEMIT
KT DI B LI IN L b AT BRI o F]
331 Al-phosphate # %\ /% Fe-phosphate &7 D),
R0 & & LK 18 1% ¢ o { \» Fe-phos-
phate BT % & LTKRDETKER LI

J. B. Hemwall'® {1k 454 & 5 BRI T ¥
AlirX->TkRoD &L, TOBHEEDDIBTOD
Rz X > TAETSH Al T Al-phosphate(variscite,
AIPO, « 2H,0) %< 5. TORGILE#RME Al Tkt
R, BTFONc X s Al TIRHERNS T ER

AL-PHOS
CA-P, v
FE-PHOS

REEIRIR D5 2 BXPE

14 ViEEIRHLNBEII
o TEBREMOBRERA R0
mEXET 5

AL-PHOS

CA-P,| v

FE-PHOS

BT LE KT B ER O BINE L OO
(S. S. CHANG and W. K. CHU'D)
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% 7- P. K. Vijayachandran and R. D. Harter'® |}
R Al LB E E U CHBRBILC BTV B
Ll BiRRTER OB A F vBERIE e TR I S
N, R\ CHEMBYEDEL s Fe-, Al-phosphate ~ % 1T 4
5.

S. S. S. Rajan et al1910 |34 R ETF L ot T-&
#&, ligand exchange 1o J » TEi ORI E = H, *
NN BRI X » TR D RIGERT & L.

Al BAGRREORIGIEF O AL © AL & 1% aquo (Al
H,0) # 721 hydroxo (AIOH) ® 7'V — 712 X » Tih¥
bhTkbh, ThboHd5EEGXEERD PHIC X -
TX¥%. %% A0 pH Tl¥ aquo & hydroxo & O¥H
FELWL.

/Hp S /Hp o OH -
Al J = };:Lm/ J
H.0

Fle AlL[RFN IV -7 L 1LTY v 7 LTWAREEIT
ol Fl oxo TTH 5.

OH 0
RN S
ol Al Al oxo Al Al
Non” No
Ttk TVRECAL F BRI 3 5 RS
aquo_>hydroxo>ol

DIATH 5. THBAR\BERELEE T3 aquo LB L,
AT hydroxo B Xt ol ERIGTH o & &in 5.
PE o> TRIR UI-BEMR & i L7z OH- & oBifRa 4 s
fen OH™(BcH:)/P(BUR) o dOH/dP % &g
aquo exchange =0
hydroxo exchange= 1
Ll k.
Al-H,0)'"*+H,PO,—> Al-H,P0O,)°+H,0
Al-OH)°+H,PO,—> Al-H,P0,)°+ OH"
Frcol 7Yy COWEEI X o THBRIND 5 = 554
RO X5 OH™ A 2 v ol HAs7e .

- HzPOI
Al ~ 1
AN Al-H,PO ]}
OH) —=
Nl Al-OHJ*-

oxo 7'V — 7 DRRBIICIE L hieT ol s — T
ZL L7 RE e B0 TF D IEIEIEHITE L &
hhs.

Pa Ho Hsu'" |3V BAtR 35 AlTEARE LT

e=Al Q=0 @=HO

8 Hydroxy-Al T4k gibbsite £ifE, £ Al
FFIXFE LEDIEMEEZHF T 5
(PA HO HSU'™)

B8RO X5 e a s L.

% Al R LEOEMELZRF>. Z0EAKD

WAL 5 A 1 F v OIKSIRC X > TIHE 5.
Al(H,0) P+ ——=Al(H,0),0H)*+H*
Al(H,0)* —Al(H,0),(OH),)"* + H*

DX OHFEARHET IR L s TWAWADIE

BAEIHREIND. BRYERITD Al OIKSIRTRLE

E LT 6-Al-1 o v ) v 7 {ba4 Al (OH) <5

HEWH.

R. E. Shapiro and M. Fried'® 3o -Eww X %
Wk OH- L oI X5 b &L, oA+ v
BItRLic\ 2 &, BXOEA + vRIRED LB —ET
HH L ERRE LT, RERTF, capacity factor
(Soil-p) L3k ERTF, intensity factor (p) & DRIy
PELNREESIKRORBE VL2 L L.

smpp=—K£¥%iL+zﬁm1

Soil-p : HENRRIN Lz p &
K :HED pH TOR)T OMRREEES
>3S0l & A A vIRIRFED LAY p TEIRN
Ehtcs o p RINE

j%?gmﬁbf&ﬂﬁ%fuybfmfx%ﬂ%

YR & 2EREE, coEErKeEYTs. ohb
DEPNE HE O E R ULER OB IRE 0L E T
M5O B2z Liciss. L LEHEOERES =
DRI TRy b LIHERIIEIND X 5 B
BNk -7,

F T ORI X -T2 RKDOEHRICHMEL,
FnFEhiE, loose a, ¥ X OB\, tight b © p #EH
HED2FCXAILS %5 & Lic (BE35).

W ok ¥ fo HEO IR X 7 R 2SR 1D v OH-
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So0il-PX10° moles/4 grams
o]

Soil-P
P

B9 4g o CariboulE-ic X 5 P RICEs JiF3 P 05

(R. E. SHAPIRO and M. FRIED'®)

i 33 4g o Davidson Jg|-, Bridger fip'ElElE 1, Nibley -zt 4%\ (a), B
U (b) A HCH T 5 R offpEE s & IR AE: (R, E. SHAPIRO and M.

FRIED!®)
Apparent dissociation constant Maximum amount of P that
Soil may be adsorbed by site
Kax 10t Kb x 10¢ (> Soil)a (>3 Soil),
moles Px105/g
Davidson 6.8 0.4 22.0 1.7
Bridger 2.0 1.0 7.0 1.9
Nibley 6.5 39 9.7 1.2
A A v EEHRUBRBT 255 RORCHES & L. WA b BBz R Z by, Soil-p AT, T, ©
1og-9CP_ _1og I,/ Cosoil_p— ky/+ky | MR CER L TR L EY RN - T E L,
dt 2.303 Soil-p 50 p DRUHICES IEMAL= 5 L ¥ — & 4
Cp:BEH L p DRE B ENTES.
t o IRpRE] Jog (k) _  4Ha ( T,—T, )
k. (OH)icBI4 % &5 (k;)r;  2303R \ T,T,
ko' ¢ (Soil-p) B4 5 54k (ky)ry @ {LEE Ty w313 % Soil-p o figfe e 51
Cosoil-p : t=0 ® & ¥ o Soil-p DPLEE (k)re : {REE Toiw 13 % Soil-p DfifsfkELL
KT LIS LT p MR o T h B AHa : EYEAL =0 —
B3, BRI A & < UL O 2L R WE T 5. RSkl
; « dCp ,, " CD=FAF —D—FlE UTHM: - TLEig 14,0000
EHfER & - T tiewt LT log at 7wy P LTH By —, BB I 7,000 % r ) — DEDSTEE 1
10 X 5 7e iR A 1S DA™, T 5.
Tl b Soil-p 2B p kit oDHEE 5 R. L. Evans and J. J. Jurinak'® o4 ki +
by, EMOBEMCE S DEE B LR, o b OB OB A& A v BEBIEC X 5B X

AT 50, THOEMCE S DT IEiEe»T 2 TR, TORREEXFERNL=20 1 RKIGR TS
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100
90
501
70
60
504

Log
404

Scale
304,
20

x
dC,
X 10
—at 10 ¥
(moles/sec.) 104 *
91 «x
s‘ X x
b x
61 134
54 XX
44 ¥xx
”‘xx LI 4

31 T X x Xy . X
24

l Il 1 L 'l 1 1 J
0 500 1,000 1,500 2,000 2,500 3,000 3,500
Time (seconds)

#10 3 g o Bridger iy EHE LB D Soil-p @
JcHy (R, E. SHAPIRO and M. FRIED!®)

ZEMTEDE LI

IR/ AUE:

—d(a—x) _ _
T_l((a X)
a: gL (t=0)

t o IRFRE
X 1t RFE T U i)y
Ie @ R EEER

Chas LTkoREH 5

log(a—x)=log a__Z%OB—t
ZE00 1R L ->Tindhb & LTkoRwil
log(Cy—C) =log Ca—kat
Co i HHEFE STk p DR DR
C 1 iH Shi p i
t o IRERE (7))
ko D JOHG n O PEEER (1/15)
Co ! RIENIZ X » THIE L T W % p Dl
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K AU TR O S i D T4 IR 7
KIETHY, =MoL ORTHT 4 Y b= TERETH
B, Loy LI LS 23E i ms R off & &bl
5.
I DB & EFBTIC B B TS D BRI O
BB R LTRSS D i K fEE S <. IR
RENAEAT A E LB, TBMORBE LIt
DREAEMIRIGKT 5 D TH L OYERAKMEILRDHE .
COXH eI E R TR E L TRD IS5 TewA A
Db OMBEIN TS, IoBHEOBIBRRILCIIRS
CITEECET 5 & EDBEEETH D DT, AWTRILD
o T B Lo CT—IGFHINEBIR b 5 E5 % 5.
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Phosphate
last ‘E’ value I. D. F. ‘L’ value
applied
1967 7.1 19 16.9
1966 3.7 1.6 20.5
1965 3.1 1.4 17.9
Nil 1.0 0.5 21.2

W. C. Li et al® ity o iz + + v 7
— e 7Y — 2P TEBRL, ThEx=Zo0EREo 1k
BRI & - Tl Lic. BRUIKRORNTHETE 5.

Sed Exch 2P
32Psoln

Sed Exch 3P : Jl iAo Bk i P
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ERLTELR YOEY, b o> ERWRIGOEHND
FRENERNCH I EE RS, chx 7y ry b LT
Efta G (H27TR). £ ORERTENCET AT BRI
b E 1 RIS THILSS, RO 2 RGTIL 2 ~ 4
M, HHBE 3 UG T4 ETh - 7.

2. 47 UTRBIEEC & DA

HEROFHEOMBEANET AL TELLTL
BEAE LisCEBT 52 EXEE L., ZOEKRT
2P IR X T BB BB B A S YRR o TRER
ELTERCLD EZ B, T F VA RIBIIRE D
IFBEN I STETH D TOFIBER DT A A G
ShTwb., ZoFETELR B E, © i, #
g, KoRE&EE, @ 3, EisosEm @ u
HREE, @ IREOREE &7, R4l k- T
HIN5.

L. V. Vaidyanathan and O. Talibudeen?®® |3 CI-%lI
¥ LU Na-Fl oo 1 o+ vagiiliifige X - CHEFR o
AT ot TOBBMEBERY T AV~ FEEE T
L BB S~ b oBic a0 THB L L
7o, ClAURE A & vasBifgri co ol efrd L &
X o pH LMBLHENZE » T b HEERR 7 — 1 0
—ET7 VY VORHETHBN, Na-Hl 1+ vag
PpEx c e E T 5 & 23l 2ME T4 51
NCHBERER 7 — Okt 7 5 7 v o vIEINT 5
5 L s,

Cl-fe 1 o vzt X » CLHBEM A BT h
W, BB ERA LW v, HERTERREOMD
fet v, BENBD Cl o F vie X OREN B F T
FED, SRhBEHELD OB ERCc @< o
L h. Cl-IE Na-BIDWH D4 F vasfbiig 4 ff
AT hEEigh ol 4+ v, B1 3 v OREX K HER
THDTIY L OWEMEEELBHE I 2 L
5.

E-lo@lE e Hic > THE % 2P THUE Lic iRtk %
Cl-Hpz A * vasilBiigic BRI 2, Th% 05N-
HCl THH U2 E T 5 1V ER AR R B LR D
LDOWREI N B 5.

E. Sibbesen*® {3 Danish Lo\ THER LIS A o+
VAT X A HEERER ok C1-T X v 4 HCOs™
FOHFRIGE L. BERHELORSES, FHT
LR OEE R Sin X 2 R RIETEE DL,
¥ 7o HCOy™ 13 +-8irdc s\ % iR E L @ 0B
52 50T, 2o X5 HHTREIEY T X 5RIL
PR R L X CHEBIA TR Fieh bIEY IR HCO,”

PHERE LT LE Tl pH 2B ThiE S, A
KB AEECIIRE pH 2K T8 5. 20X 1L T
HCO;~ eIz O BRI 8 x5 2 T B X 5
Ths.

3. B RIS L B E MR

OB HBRRIE D fd 0 HEE R HED % Ik
HAE BT A BB MB L\ 5 X D b LAREN:
MM & - Tfibh CTE . £ LThr R
TR R A 5 2 T o e LTabdF Ld £ 5 Tk
eI & b o THEEM TR 2WEED E DR DL
Edhinote.

— i P R BEER X R A e <, SRR
DRGSR I RIMED & DI BT 5. L
THMED b ORI S S HERT 2 23 ER TS
oG bR ERETH B, LHEROFMERE
OB MET Hit, HIG LB EgoRIR, L
L ORAES, MR- S zoFREoBES B
FIZ & o ThAWARL BN ELR TV B, FEhk
PR O35 { OBA 1= 1 A F b2 FI 2 T
WhRB. ED XS e Xl LSS B 0478
e DIET I LR TER,

LA S DBEIRIL KT h Ca LIEA LI D T H
5. 2 ORERR O EI R B B IR M B Tk
WHRYE, T VEEETIRAE VRS BRIV EW
hhb.

pH 6 LT -5 T3 -+ 80 IR S - TERE o1 Tk 2
%<, ThidBe X5 AREETHD. ZD X5 7ad
ETIIMAETEO L OB HRA BN S W BRED b ©
CBATTA. CheR LT pH6 D Eo LTI S
NIHBRED S ONBAIBETHREDO L O~NEE T 5 0 T
PH6 N bTEED 7V 5 4 2 pH b b, -
BB S EOBMIL F A+ vick > TE &
na. HEENRRSIRD L5 THS.

3NH,F 4 3HF 4 AlPO,—H,PO, + (NH,),AlF,
3NH,F +3HF +FePO,—H,PO,+ (NH,),FeF,

Bray and Kurtz #41% 0.03N-NH,F » 0.025N-HCI
(R No.1) #7-1% 0.AN-HCI(F¥: No.2) %4k
B CTRIES® 5. Bk &5 0 NHF THEH LB
WAEN: Ca I L THOMNE &b 0w
DTH5.

Olsen 40 13 0.5N-NaHCO,(NaOH = pH85+ %)
XA THD. = OKIGIE Al-, Fe-, Ca-phosphate
DY T 7T 4 7ieh OB E BT 5O TEOlEH
1% dilute acid-dilute fluoride #;(Bray and Kurtzyk)
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WELIT 5. kB Ca-phosphate 5t LCRD=DD
WERE2 L. O B X - THEREEHET. @ CaCO,
DER L - T Ca OIEMIE E D EMEELHT 5. L
2L NaHCO, 12 X » TIRER DIEME A b % D T Ca fKk
HET L, fit- THEH L2 F 0 Ca-phosphate %
TR L CIRRIE DIE TR & e 2 Lt

A. H. Al-Abbas and S. A. Barber*?> |3 pH7 ) D
-52-Ci% Fe-phosphate & )RR & DARBIAE W &
LT 0.3N-NaOH+0.5N-Na,C,0, 1z X BihH & £ % L
72. Na,CyO, 1% NaOH CT¥H UZ-BEfRAEM: 7 Ca & T

W R =

BBITE

URIE LT T 2 0% CicbTH .

Truog 4% 0.002N-H,SO,((NH,),SO, < pH 3 1=
%) THl Lo el e Lic. L% d o Ca-
phosphate BEZHEICBIRD 2 & LichbTHS. b
E T BB OWE L = OJTETIT 5 BE 7L
7ol

Morgan #4313 CH,COONa 73k (CH;COOH © pH4.8
12T %) )k B TED A A AR R L
THZETHWbNA.

EDTA (ethylene diamine tetra acetic acid) T X »

TR MW e X o ik

: \ W ARG
75 % 4 H i3 pH i ml min
Purdue-test 0.75N-HC1 0.8 5 15 2
Lemmermann 19, Zitronensiure 1.0 8 80 2+1hr
Beater 0.36gNa,BO,;/1 0.5N-H,SO, 15 2.5 25 1/2
Bray No. 2 0.IN-HCI, 0.03N-NH,F 2.0 2 15 1
Truog 3g(NH,),S0,/1 0.002N-H,S0, | 3.0 05 100 30
Bray No. 1 0.025N-HCl, 0.03N-NH,F 3.5 2 15 1
Egner-Riehm DL 0.04N-Ca-Lactate 3.6 3 150 90
0.02N-HC1
Egner-Riehm EL 0.02N-Ca-Lactate 3.7 3 150 120
0.01IN-HC1
Egner-Riehm-Domingo 0.IN-NH,-Lactate 3.8 5 100 4hr
0.4N-CH,COOH
Rauterberg-Ali Dervish 01M-NH,-EDTA 41 10 100 60
Morgan 0.25N-CH,COOH 4.8 5 10 1
0.734N-CH;COONa
Miller and Axley 0.03N-H,SO,, 0.03N-NH,F 1 20 30
Mehlich 0.05N-HCl, 0.025N-H,SO, 1 4 5
Baker and Hall 0.002N-HC], 0.002N-NH,F 1 10 10
H8FE thib D\ L7 A ) MK X 5 ik
3 p 3 +HEE B RERR
Vil e & H ¥4 pH g ml min
Jackson 1 N-NH,Cl 2 100 30
CaCl, 0.01M-CaCl, 1 7 15
Olsen 0.5N-NaHCO, 8.5 5 100 30
NaOH
Al-Abbas and Barber 0.5N-(COONa), : 0.3N-NaOH 10.5 2 40 - 5
=17 .3
mod. Olsen 1 0.5N-NaHCO, 8.5 1 20 30
0.03N-NH,F
I 2 0.5N-NaHCO, 8.5 1 20 30
0.IN-NH,F
It 3 0.5N-NaHCO, 8.5 1 20 30
0.5N-NH,F
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THEDOBA v EFv— 2oL VBB
EHREIN T B9, L8/ h% 1/20 © 5SmM-
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{, L LTAIL Feiwxf LT3 %. EDTA il
F2i% A-ffi, E-{fi, Olsen ¥ L0t Al-, Fe-phosphate
LIEDHEESA B b, Bray No.1, [f No. 2, Truog o£&H:

%D TEDTA oF v — p Kk Ca, Mg wizds = b ¥

# 93 Bray and Kurtz 3

DEH LTh ZhZhm\ B s - 1.

ow|ow o owmo oW | TEEHORERR g #
0.03N-NH,F+0.025N-HC1 1 7 1 min quick-test technics, adsorbed
No. 1 IN-NH,F  15ml phosphate
{0.5N~HC1 25ml
7K 460ml
0.03N-NH,F+0.1N-HCI 1 7 40sec quick-test technics, acid
No. 2 IN-NH,F 15ml soluble and adsorbed
{(;J.(SN—HCI éggi;li phosphate
No.3 h{f: 0.5N-NH,F 1 50 lhr laboratory technics, total
adsorbed phosphate
0.1N-HC1 1 50 30min laboratory technics, total
No. 4 solid NH,F 1¢g 60min acid soluble and adsorbed
(#7 0.5N-NH,F » 70 %) phosphate
H0EK 720 TThh T2 KO Tjk
+ o pH soil : solution T}E;iﬁﬁf_?nlz.a:]l F T2 ik
Acetate method
Na-acetate+acetic acid 4.8 1 5 5 Pennsylvania
NH,-acetate+HCI 4.2 1 5 30 Texas
NH,-acetate+acetic acid 4.8 1 5 30 Florida
acetate lactate+sulfate fluoride 4.2 1 4 10 Mississippi
HCI1-H,SO, method
0.05N-HC1+-0.025N-H,SO, 1.2 1 4 5 North Carolina
0.05N-H,S0,+12% (NH,),S0, — 1 4 5 Tennessee
0.3N-HC1 — 3 7 5 Wisconsin
0.75N-HC1 — 1 3 2 Indiana
Fluoride method
0.03N-NH,F +0.025N-HC1 5 1 10 1 Illinois
0.03N-NH,F+0.1N-HCl 1.0 1 20 20 Louisiana
NaHCO; method
0.5M-NaHCO, 8.5 1 4 5 Alabama
Carbonic acid method
carbonic acid — 1 10 20 Idaho
Water method
water — 1 10 15 California
Electrodialysis method
0.05N-Boric acid — 1 15 20 New Jersey
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W R Mk BITE

$1135 (LM RE~ OB D475 (S. C. CHANG and M. L. JACKSON®)

Phosphorus Fraction

Extractant

Forms of Phosphate Extractable

. Al-phosphate

Neutral 0.5N NH,F

Al-phosphate
Fe-phosphate

completely
slightly

2. Fe-phosphate 0.1N NaOH Al-phosphate Fe-phosphate Organic
phosphorus
3. Ca-phosphate 0.5N H,SO, Ca-phosphate completely Al- and
Fe-phosphate considerably
4. Reductant soluble Na,S,0,-citrate Fe-phosphate completely
Fe-phosphate (iron oxide Al-phosphate negligibly
occluded)
5. Occluded Al-phosphate Neutral 0.5N NH,F Al-phosphate completely

. Occluded Al- Fe-phosphate

0.1N NaOH

(Alternative or addition to 5)
Al- and Fe-phosphate completely

%123  Jackson P X B LR o R4 B

HOB o B OH K PRV BHT2HRE Ok
k1 g4+ 1N-NH,C1 50ml 0.5hr water soluble, loosely hound
| phosphate
l
;[;lg +0.5N-NH,F 50ml 1hr Al-phosphate
-3 +0.1N-NaOH 50ml 17hr Fe-phosphate
l
4524 0.5N-H,SO, 50ml 1hr Ca-phosphate
l
)3 _Na-Ci [
J_f;}t-k?ii’)/[I\ZINgI}aIC%:rate 4212” (18001?(:”)1 occluded Fe-phosphate
| +NaS,0,1g
-1+ 0.5N-NH,F 50ml 1hr occluded Al-phosphate
!
=158 (discard)
H13% DI - BIAEE X 5 LR 055 £5ThS.
~ e T (3) Bray and Kurtz |34 o NH,F S X - C
AR & B WM g oo e i % 5 9 ROFEAARE Lt
0kt 1 g+2.5%CH,;COOH 2hr () 7 A9 HTIHELOED X 5 ilkic X - TKFHED
| S0ml - FU AR ST B
HFHINNHCL 25l a-phosphate 4. HEBEBORAESS
L5 +1IN-NH,CI 25ml LEh OB O gL Car, Al-, Fe-TH% o fl1f
¢ + IN-NH,F 50ml | 1hr | Al-phosphate DLDONHY, ZhbDOFEEEIIREC L > TRE
IEcZT5. = DIREIL S ShE
-3¢ +0.IN-NaOH 50ml | 17hr | Fe-phosphate e fes s b ORI ﬁﬁ.éﬁijﬁ& b
I BIRE 4 LT D4 HIERTIIR D X 5 i iEAREN T
412 (discard) w5

fEehhAc X 5 R ABRRRIISE Y £ HBET I T
¥ 5 vcn: 646)47)-

¢

MR X A 7TEDO XS

Thb.

@ FEHBIET AN YR X 2 8 FEn

(1) S. C. Chang and M. L. Jackson*®y:ih il & i
HT 2 BR ORI LOWHIR 7 7 7~ 5 VIZDOWTE
RO XSKRL, £ORGHFIERRE L (H12F).

@) I« A X BARD HHEIm D\ Tk X 5 B
DT B T ERRBE LD (FI3K).
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(3) M. S. Bhangoo and F. W. Smith ¥ Kansas -}
Boou T HEERIR DI RESITEAE R L (F~ D & D
BAGRAFHI U, & 7o/t 3 5 IR AR o 2 5 A 5
T HICDEIED X 5 7ny kAR 4 L1z,

5. BNHEBRLAE S D 8

J. M. Patel and B. V. Mehta’® 3 India -5 (pH
7.2-8.6) y=o\~C Bhangoo D45 & (EH o1 [k W
I & DBE G R LR D &5 el L.

WRISLIRRR V. Y v 70 o DR TR W M & de b W\ B
(r=083)23% b, %7 0.5M-NaHCO; ¥z X % A%y M1k

[<%)
<

& b MBI R D - 7o (r=093). O MLOBIFRIZHL5E
DN TH T

R. L. Halstead®} Canada -3z ->\~C Jackson 3
X o THIR O RER 5 LIR D X 5wl Lic.

Al-phosphate (3= v -3 7 DINEILR L HEAR H v,
NaHCO, Ay & b EDPAGRA H »7c. L L Fe-,
Ca-phosphate 12\~ 3 & i & B fRdieds - fe.
NH,CL 7] g v 2 Fedg v & BEIR IR MR e & AH BY
DHotz. NH,CCLAE, Al-, Fe-, Ca—phosphate o 4
THED b D1k L HEAE BT 0 62~9295 % (520 7. Podzol

143 Bhangoo and Smith 1z X % -BEREEE 0 471
R & & B W S
A% 1 1 g+0.1N-HCL 50ml 30min

W 5 BERLE TR

Ca-phosphate 1)

38+ (0.2N-NaOH+0.2N-Na,CO;) 50ml 30min | adsorbed phosphate (2)

-5 + (0.2N-NaOH +0.2N-Na,CO,) 50ml 30min {Fe—phosphate
silica & org. matter %% < (hoil Al-phosphate 3
|
1% (discard)
i+ 1 g+conc HCI 10ml (70C)
{ (2m)
j:lﬁi?é+0.5N—NaOH 30ml (;’%}iﬁ) total phosphate (4)
|
-}-88 +0.5N-NaOH 60ml 8hr
(90C)
-5 (discard)

@)= ((1+@)+@)

organic phosphate

H15% (i O BRI & 4 T8 R HEEE & D FHBY
(J. M. PATEL and B. V. MEHTA)

Factors correlated r
P,0; extracted by 0.5M NaHCO,; vs. calcium phosphate +0.4701%
P,0; extracted by 0.5M NaHCO, vs. adsorbed phosphate -+0.9330%*
P,0; extracted by 0.5M NaHCOj; vs. iron and aluminium phosphate =+0.5229%*
P,0; extracted by 0.5M NaHCO; vs. organic P,0; +0.2023
Uptake of P,O; by plants vs. clacium phosphate +0.4829*
Uptake of P,O; by plants vs. adsorbed phosphate +0.8341%%*
Uptake of P,O; by plants vs. iron and aluminium phosphate +0.2995
Uptake of P,O; by plants vs. organic P,0; +0.1828
pH vs. calcium phosphate —0.2265
pH vs. adsorbed phosphate —0.2132
pH vs. iron and aluminium phosphate —0.2056
pH vs. organic P,0; +0.1971

* Signiflcant at 5% level. ** Signiflcant at 1% level.
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2163 PRI OWFSE TR Lichhii ik & Bray No. 1 EoFxhvE4EE:
(D. E. BAKER and J. K. HALL??)
. Soil
Mfethogl or Extracting solution solution Shaking time
raction .
ratio
CaCl, 0.01M CaCl, 1: 15min(Stand 8 hr)
Bray no.1 0.025N HCI, 0.03N NH,F 1: 1min
Experimental 0.002N HCI, 0.002N NH,F 1:10 10min
Purdue 0.075N Na,C,0,, 0.255N NaOH 1:20 Smin
Morgan 0.735N Na C,H,0,, 0.5N 1:5 30min
HC,H,0, @ pH 4.8
Inorganic P Conc. HCI Follwed by 0.5N NaOH(combined solutions)
Total P Combined solutions plus HCIO, digestion
Organic P Total P—Inorganic P

Test values, ppm

80 Very high
50-80 High
30-50 Medium
15-30 Low

15 Very low

¥ Fe-phosphate %3, flio>f-5 T Ca-phosphate 73
FEBETH -7 4 vF o= YRR TIEMZ
TR O KER A Al- %5 X 0¥ Fe-phosphate & /¢ » 7z,

D. M. Ekpete®® (3 3#5 Nigeria 42 Cifk+ & JAHZ
-+ o Bray No.1, [ No.2, Truog, EDTA,
Olsen D& J7HE TR A fH LI Lic & AR L
L L D b EKEOF R SREOHBERE L. &
D5 Olsen IEARBIRMTH D, Fiad F DO &
IR E B B B R L.

D. E. Baker and J. K. Hall®® |} Pennsylvania --1ji
COWTEBOHECLERREME LTIy Er 2>
DRI IR & ol Lic. % of5H Bray No.l 23
L HEBIA R < A163R D X 5 Tohwhik e R S 7.

Availability category

H. L. Breland and F. A. Sierra*® oo & X iud,
Florida Hic o C & MO EIC X o4 L
W Uickt BTk % ¢ o 488 © (HCI+NHF) 5 x o°
(HCI+H,30,) O¥¥E2 Smopifaafili Lc. LaL
17, 18F R I BN Ca D%\ +5HiCrx NaHCO,
BRI ENMER S % 7.

R. W. Blanchar and A. C. Caldwell’® |3/ K'E %5 X
OIEG KA B B 5 (FA) O R BN & &1 o F 20k
PR R & OB T kD, HIRELEE € 1% 1/10Bray
No.1 BExpk fhodikr X< #E& L, JERRKELET
/X Morgan # & Water solubility ¥ X S #E&T 5 &
LR D WG Lic.

D. Walmsley and I. S. Cornforth®” 3758 India -

#1782 1 B2 o ¢ ‘E(H. L. BRELAND and F. A. SIERRA*D)
pH oM Total Total Sand Silt Clay
Soil % CEC P
me./100g. % % % %
Cainesville Ifs 6.1 3.1 8.3 0.12 84.4 11.2 4.4
Hernando Ifs 5.9 29 8.6 0.20 85.4 8.1 6.5
Lakeland fs 5.4 0.8 0.6 0.01 954 4.6 Trace
Leon fs 41 3.8 6.4 0.01 95.0 49 Trace
Red Bay Ifs 5.5 0.9 2.2 0.06 85.9 8.7 54
Tifton Ifs 5.2 1.7 2.5 0.01 89.1 6.5 5.4
Perrine sil(Marl) 7.5 1.9 17.7 0.01 14.6 65.0 20.4

*Each value represents an average of duplicate determinations.
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18K LR X o TH LD B ik ik &
(H. L. BRELAND and F. A. SIERRA*®)
Phosphorus in ppm.
Extractant Gainesville Hernando Lakeland Leon Red Bay Tifton Perrine sil A\:E:cgte of
1Ifs Ifs fs fs Ifs Ifs (Marl) extractants
0.025N HCI and 0.03N NH,F 146.4 319.3 108.8 3.2 314.8 12.8 0.1 129.3
0.05N HCI and 0.025N H,S0O, 1235 85.4 48.5 3.1 191.0 7.6 0.7 65.7
0.5M NaHCO;, ’ 30.7 51.0 124 3.8 47.0 29 164 23.5
NaOAc 124 24.9 6.8 2.1 19.9 1.3 9.9 11.0
NH,OAc 6.3 13.6 4.3 1.7 15.1 0.9 3.9 6.5
Distilled water 3.2 7.1 1.5 2.9 10.2 0.7 0.2 3.7
0.002N H,SO, 1.3 2.9 3.2 2.1 10.8 0.7 0.6 3.1
Distilled water and CO, 1.6 3.5 0.6 2.3 4.5 0.4 1.3 2.0
Avg. effect of soils 40.7 63.4 23.3 2.7 76.7 3.4 4.1

Bho oW TR DRI E R & Hol U Olsen 3k 73 5 12
Thp s Lic (3203, #21%).

F. T. Bingham'® |1 California 1= $s\) 5% 4 &
CHERIE T & - CE 2 L NaHCO, w3l 2 v
U LR & OBIRAE E225R D X 5 i L.

T. Crisanto and C. D. Sutton®® 045t L-fliit

& & DMBILE A E I RN 2 22 L, E-fliiah L
G OE L THISN AR O TEEA A AR
TEEN BRI EE LTRETHD & L.

KB BENTA K3 5RO AR %55 DR
WIARECA AV D D X & L, Al & JifE & & 55 C
IR REL D% X 2 2 ~ 6 icie D X 5 kil i T

HE19E  RIKE s XOIRA KE I 310 5 B IR TR & (YD O R W B
(R. W. BLANCHAR and A. C. CALDWELLS®)

Plant Available P, pp2m
Soil type UI?;ZI.{e] Bray No.1 Bray No.1 i Exchange Sodium )
P/pot (1:10) (1:50) Morgan resin  bicarhonate Water

Calcareous soils
Bearden 2.87 10 72 53 49 35 6
Clyde 1.76 1 13 8 37 28 tr
Harpster 2.07 2 8 35 43 29 : tr
Hegne 1.92 20 27 12 14 15 tr
Meclntosh 1.96 23 33 12 20 16 2
Ulen 1.67 tr 6 10 2 10 tr
Webster 1.81 1 22 29 23 13 tr

LSD (.05) .24

Noncalcareous soils
Brainerd 3.50 57 67 5 27 20 2
Clyde 4.62 83 127 18 120 65 7
Dakota 3.60 35 46 4 30 16 1
Fayette 3.92 63 67 12 46 28 5
Hayden 3.62 25 31 7 23 14 3
Nebish 5.55 114 116 36 77 58 17
Zimmerman 4.08 90 92 9 38 46 3

LSD (.05) .26
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HI20% AT LSRR O Bk

C

(D. WALMSLEY and I. S. CORNFORTH?’")

Weight Volume of Time of
Reagent of soil solution shaking Reference
(g) (ml)

O.OI?I?II\;) ?2S04 (buffered with ammonium sulphate at 1 200 30 min Truog?
0.2N H,SO, 1 50 16.5h Bondorff?
0.03N NH,F in 0.025N HClL 3 20 1 min Bray and Kurtz®
0.03N NH,F in 0.1IN HCI 3 20 1 min Bray and Kurtz®
0.5N NaHCO, (adjusted to pH8.5 with NaOH) 2.5 50 30 min Olsen et al.l”
0.5N acetic acid in 0.75N sodium acetate, pH 4.8 5 25 15 min Morgan'®
0.2N ammonium oxalate 4 100 2h Joret and Herbert!*
Ammonium lactate-ammonium acetate (0.1N 9

ammonium lactate, 0.4N acetic acid) 5 100 5h Egner et al.
Anion resin, Dowex 2X8 and water 1 100 2h Amer et al.l

21k REHEC X o L HERRE S HER R oRBRENHER L by e Ui R
s EE A (NPKAVEERK x5 NK MR OEIE) 55k NKAEKD bR 2

i ER BEIRR N & o FEBEFRE

(D. WALMSLEY and I. S. CORNFORTH?®")

Phosphorus extracted Correlation coefficient (155 soils)
phgggltllcl)?isoinzolgsis ppm P VEOH test value Lo%. (soil test val}t);e)

Mean Range Yield uptake Yield uptake
Total 457 40-10,333 0.22%* 0.46%** 0.06 0.40%**
Organic 266 7-2,733 0.12 0.28%** 0.06 0.27%%%
Truog 54 2-764 0.32%%% 0.33#%* 0.48*¥* 0.567%F*
Bray No.1 10 1-186 0.32%%% 0.597%%* 0.48%* 0.69%**
Bray No.2 3 1-569 0.35%** 0.45%%* 0.48%F* 0.61%%*
Olsen 11 1-111 0.46%+* 0.73%%% 0.64*%* 0.75%k*
Bondorff (mondified) 174 10-1,150 0.37%*k* 0.517%%% 0.44%%* 0.58##*
Morgan 7 1-305 0.20% 0.25%* 0.49%%* 0.507%sk*
Amer 13 1-111 0.49*** 0.72%%%k 0.63%** 0.73%%*
Joret and Herbert 43 2-430 0.37%** 0.43%%* 0,57k 0.587%**
Egner-Riehm 45 1-680 0.40%** 0.45%%* 0.58%** 0.58***

T percent yield is the yield from the NK treatment

* significant at P=.05
#*k gignificant at P=.01
k¥ gignificant at P=.001

FTREZ EHR L

FIARE b OWETIE, DI - BIRE X » C4H#
IR A ) U7, KILIKEE3E i Al > Fe-2I>
Ca-B! oJEIc% <, ALK EETIRIZIE Al-Tl=Fe-
ek Ca-BlFIEKIRLIE DT S0 - 7o A-{liv: 4
oA ¥ 1 % -citric acid AIAREED 1~ 2 50
fEThote. 1F2OBRP LEBBE (FF R I
0.002N-H,SO, "I mea: & 1 Tiggmny, 1 %-citricacid

expressed as a percentage of the NPK treatment

TR R & AR B R B o T

J. R. Woodruff and E. J. Kamprath®® o # 45 ¢
Langmuir 3 T 7o i A BEIR W O 8\ 43 (500ppm)
TirEo /4 &, K-8 (300ppm) TiX%E D 1/2 B2
EofME S 2 2HRIEHC X > T vy b ORANE
g,

6. TEEBEEUMEORE

IR OB B A b B Ik OB A AK T
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22k (PR % NaHCO, mrpiie v~ v
(F. 1. BINGHAM*®)

NaHCO3-Soluble P
Indications

Crop Group
Defici- Question- Ade-

ency able quacy
ppm. P
Low P requirement
Pastures, grasses, small 4 5-7 8+

grains, soybeans, field
corn, and similar crops

Moderate P requirement

Alfalfa, cotton, sweet 7 8-13 14+
corn, tomatoes, and
similar crops

High P requirement
Sugar beets, potatoes, 11 12-20 21+

celery, onions, and
similar crops

X BLEND S, Brazil Lo THBRRIRD < 5
A=z L LToLHMEEoFMEE R Lick 25,
KClHE#E Al HABERRRIN & & HHBE (r=0.84) 23 5
Z &, ¥Fio4HE% oxalate CALIE LIk fi ' © Fe, Al
PR LHRBINOE LME TR &L, £ o B
oxalate Al (r=0.78) 7% oxalate Fe (r=0.47) X » kT
»5HZ L, &b citrate-dithionite-bicarbonate JLIE
1% Fe, Al KRR & &1L TE BB K OBERR
I T 1% oxalate JLBRIF & TIXie\ & &g & O EOH
H5. WEtEEr Ca #hnz T pH & Al OfEMEY
M2 % & EIHRABRBIPELE LETI 52 &8
TE5.

+HEw CaCO; L LTOYBNDAT 7% XV Ca-sili-
cate X Jib- LCAPKEDORRELB Lic & 2 A, §iE
T b (A OUE, (FHOBRRERIED & < 7t -
fo. BEREERA 4 v A KBRS L TR A 4 v BRI
Lo THEBRBOTEEAYHEToTuh LR S h
D F e R A ERR ORI o Tk, I
BRI A MR B, T OBERICA G, HEEE
wHET Bl Eofiuc StdEs kb T P o AlET 5
7t EOHREL B 5.

S. C. Srivastava and M. P. Agrawal® 35K 'H +
e Mg A 4 v %53 hiE dicalcium phosphate ®
BREXRED, Ca kit s Mg oflga#eidthic
B CCEDWEMBIENERT 5 & LE23, 24RER LI

HEE O BEERR I % L K—ferrocyanide % 8-hydroxy—
quinoline »A LK, blocking reagent & L THZ)T

#$23% Dicalcium phosphate o ¥AfiRfE DR I
X% magnesium sulfate DZHHE
(S. C. SRIVASTAVA and M. P. AGRAWAL®?®)

Equilibrium Phosphate
Concentration (g. P/1.)
Molarity of Dicalcium
Phosphate No 0.04 M
magnesium  magnesium

sulfate sulfate

0.10 0.032 0.109
0.08 0.032 0.109
0.06 0.030 0.109
0.04 0.029 0.106
0.02 0.028 0.103

#2432 Dicalcium phosphate (0.1M) D ¥EfFREEIC
B Ligd Ca: Mg YBEILOHE
(S. C. SRIVASTAVA and M. P. AGRAWAL®)

Equivalent Ca : Mg Phosphate Concentration
Ratios in the Suspension (g.P/1)
1 1 0.181
2 11 0.123
4 11 0.090
8 1 0.067
16 1 0.058
0.032*

* No magnesium sulfate added.

BHEOMENR DD, FroLERED) b 5 7o fulvic
acid 75 7 v 5 VHRIEDZH R B - 7.

citrate % humate 0 X 5 /e EBBFMEE A + v & 15
iz s e, ThbixEoRIREes UTHim e sae
LZFD RN % & F &% 5. %7 quercetin, gallein,
mordant violet39 @ X 5 7cfe A1 + v4 B 85 1 Yk,
anionic metallizable dyes ¥ citrate ® humate X 1 3,
T OWHRB—BE L -7, Thik o h b Yukla 58
Nz % LR OB ELS L B s,

TEIRILS  OFBERA I LT HERR OB L%
BEL TV B Evbh s, ChbERLAEYNHEDOL
BRI b2 5 BRI B L o f5 B T 139, citrate,
oxalate |3 +5Eic X 2 BERREIN DK T IER TR & 70 %
H235 b, malonate, tartrate, malate |XrR[EIHY 7o ZhE,
acetate, succinate, lactate |3Fa8A ERhEDTch - T
F 7o+ Y galacturonate T had LK T IR AN
% / ~ — galacturonate TI3FhA &ZDEYE 2 /s Hs -
o BEBEA A VA RO REIN A KT S e B 50 E
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#3% Fe(or Al)-organic anion complex & Fe(or Al)-
phosphate complex DEEEDK/INC X > TRED. &
) galacturonate 7355 DBERER UL DK T 123 L ZhE
HREOZ LUk, (ERD A OB TR A RIS
B DRIV STEREFTHZ L2RRE LT 5.

% #

LIEBER D KR E TR Tik e { L8R o B
B DMEWLTE OFIRAT & /g > TWBIEAND I s
Vo R TR ORI DB e R B A R I T RE T
HEFRT 2 & L FIR IS EEELRETH 5.

LI R A i 5 AE L ORISR T A i WL X
n, oA E LI GEETRWSDIBITL, &
AT ED b OWZEL T 5. IR SHNTAEREA A v
Dftnz LD BEBHRILLIERE e Al Fe, Ca 7 & OfEHE
b OB ERIGL, WD PHIZ X > Tz h bk
FAERE LTEDIERRE NS, = ORI G
F v EOWE, HEEOWIRETORRA A+ v EOH 1 4
v E DB EOMC BT AT X E s,

SERe X B SR R N X T A D TR R RSN
BT S T LUKEIR 2 OWRIURE S
RABIET B Sikisvs. Lo LIBER S X 55 —I6i
HAMTAMRBIUIRS. =D& X OEK DM
Licd 2 HEBMEQD 7 » y b Q/Lixfhf AR,
[—DIESME & LcBAwE o ok B IR 408
adsorption isotherm L\v5. Z oD X35 LTELR
FERAEI L, HAIIHERER OB+ 5
%, Freundlich &, Langmuir 3,k X O F 1 b DZEF L
KHAREED INERTVWAWARERNREZh, 2h
LOREWEHLTEONITF 2 — &2 — 2T
TOMBER A Eh T 5.

HIERERE D 5 bT 2P LEWRT D b 0w 5K, labile
BEB & 5. ZHILBEMR £ O ST X - T L,
A—ffi, E~fite & KB IN D, FhoHHi% A o+ vacils
FECAIE L CEBREET 2 S O F BN T 5
BENHD. TofM, R T AN ) BEEDO <A L F
R CHET VA VWADHEL BB, FRbOMH
TEAMC LD SV X Y B> T 5. La
LT ORI & - ThO BB O LB M5 = Lk
TERVDT, 20X 351 LTELRRELEDED
JBELDLDTHD ELB.

5 DBEFRRI A A L b % \ 1 R D B2 %
BO T X 2 BIRFIR xRS+ 57, AKX
BEEMEFTIOfbic Mg iine & - T8 Mg/Ca bk

e HIE

B n Ik, HERIES I X B LR 7 K o%h RS
NTW%. Fcflix OFEBLGHRE DO F DL
B ORIV 3 HFEIEF & LToMREETH ED
WERDH 5.

153 BEAT VS v L OITEFEY 98 616869
monocalcium phosphate Ca(H,PO,), DAMREREA
RO X5 1ERT.
Ca(H,PO,),——=Ca?*+2H,PO,~
[Ca?*)(H,PO, )2=Kmcp
G vl
{Ca2*} {H,PO, }2=K°mcp
WE
pCa=—log{Ca®*}, pH,PO,=—log{H,PO,"},
pPK’mcp=—1logKmcp
EThix
pCa+2pH,PO,=pK°mcp

—;—pCa—l— pH2P04=%pK°mcp

B, Zo (%pCa—i— pH2P04) % monocalcium pho-

sphate DARF v >y & X O, ZOEEFACTHE~2D
4o Ca-phosphate #33= N TX 5.
74> % dicalcium phosphate CaHPO, 1z 2o\ Tk
CaHPO,—Ca?*+HPO2~
(Ca?*)(HPO 2" )=Kdcp
pCa+ pHPO,=pKdcp=6.56

(H*)(HPO,2) —K
(H,PO,) g

pH+ pHPO, —pH,PO, =pK,=7.20
pHPO,=7.20— pH+ pH,PO,
pCa+7.20— pH+ pH,P0O,=6.56

%pcwr pH,PO, = —0.56+ ( pH—%pCa)
BB
pH+prOf:—05&%ﬂpH—7;pCﬂ

pH —%pCaz pKw— (pOH-I——;—pCa) DY

HRizh b (pH—%pCa) % lime EF v >y
L EWDH,
octocalcium phosphate Ca,H(PO,), TiXEic
4 pCa+pH+3 pPO,=pKocp=46.91
pH+pPO,—pHPO,=pK;=12.32
DEIRM D
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> (

%—pCa-i— PH,PO, = —3.88+-2- pH——;—pCa)

L h.
hydroxyapatite Ca,,(PO,)s(OH), T
10pCa+6 pPO,+2 pOH=pKha=113.7
pPO,=pH,PO,—2pH+19.52
pOH=14—pH
DAL B
%pCa-I—pHZPQz —3—1(;4i+—g—(pH——é—DCa)

L.
fluorapatite Ca,,(PO,) F, Cix
10pCa+6 pPO,+2 pF=pKfa=118.4
fluorite CaF,
pCa+ 2pF =pKft=9.84
DA B
%pCa-}— pH,PO, = —ﬁﬁ_+ 2(pH—4pCa)

Einh.

W E I OBRIEEE A sk % D iz 0.01M-CaCl, ¥
TS5 LUy, ok o pCa offilik © X
51T,

A& VIRE p 2RI X - TR 5.

N S )
n= 5 2GZ;

Ci=A o+ v DL
Zi=4 % v
Ca*, ClI” DIMIREIMEWOTIh el T25E LT

y:zgf(&OIX 2040.02x 12)

=0.03
WG &Rk f & Debye-Hickel o1z L - T3k o 5
051X Z %/ 7
1+
051% 22/ 0.03
1+4003

[}

—log fi——‘

—logf =
f=0.51
Zhil
{Ca?t} =f[Ca?*)
=0.51x0.01
=5.1x10"3
pCa=—log{Ca%*}
=3 —logh.1
=2.30
% OHETIXE 0GR Ca* D) 0.0001

B DZEH) 41

~0.0IM DI H 5. E Ca?*=0.005M & 3L
B X v pCa=250 Lg%, HKDHHECITA
VRN A E TS D TA + VIR EILE
BT, EffE/eA A+ ViEREMDZ EIRETHB.
Zhilf+38% 0.01M-CaCl, AW CAIR LT £ D3t E%
KHwwT 5.

4+ 8 ¥ » pH,PO,, pH oflEiiy, @1 502 @
0.01M-CaCl, 50ml % n % CL6H;RIIRE, @4 1 20g1
0.01M-CaCl, 50ml % iz CL2B R, 7o &SN
~EN, £o pH LiEWK D pH,PO, PET 5. Fio,
@KH,PO, D AYLEE % HTr 0.01M-CaCl, %54 - 1 1w
Iz (5 EsE ki 1 0 10) 2 ERHRE Lo HIEE o
H,PO, A JE U, ORI D 5 ik 52 5 i
HoPO,” & &R D H,PO,™ BE & DB fRE 7Ry b
L, HHH HoPO,” RS HUE & L\ & E DWW D
H,PO,” EE#HAETRO T REAGBHELH D
BRI E I pHic X > CEOMELRICT 50T
T LR E A B (HPO ) B sRD D IIIRD X 5 12
T5.

(H,PO,")=T.PXa,
T.P=ife e i (55 0f)

o :.—Kl_

SR T
(PO _o oy 100

T HPO

Bl 4 & ﬁb#bMﬂﬁimaha&mwOJ&mb
ZENTESD. RED X 5w pHT T TRKESD
H,PO,~ DY THEEL T\ 5.

pH 40 50 60 7.0 80 9.0

98.6 99.2 938 60.3 13.3 15
0.06 0.65 6.1 39.2 86.7 98.5

H,PO,~ %
HPOS2 %

{HPO,} BKD XS LTHRD B ENTES.
{H,PO,~} =f(H,PO,")
051X Zi%/
1+
p=A* v OiiE=0.03
Zi=AF vOlih=
fi=THERE
051% 1%/ 003
144003
=0.075
£=0.842
{H,PO,} =T.PXa,x0.842
pH,PO,=—1log(T.P X a,x0.842)

—log fi=

—logf =
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apt to interrupt the growth of crops. It is profi-

table for

cultivating crops to understand these
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processes of control over phosphorus level, because
it enable soil phosphorus to move from nonlabile
to labile form, or delay the shift from labile to
nonlabile, and consequently raise the phosphorus
level in soils. This review was done with above
mentioned purpose, focusing on the study about the
mechanisms of phosphorus adsorption and its mathe-
matical equation, and the method of analysis of
labile or available form.

Phosphorus concentration of soil solution (I=
intensity) is influenced by some minute crystals of
soil particles, and the amount of soil adsorbed phos-
phorus, too. Isotherm of Q/I is derived from plotting
adsorbed phosphorus quantity (Q) by soil against I
In order to adjust and apprehend this phenomenon,
there are expressed by such equations as Freund-
lich’s, Langmuir’s and some others. Quantity of

labile phosphorus in soils is presumed by exchange

with P (E-value), or uptake quantity of crops (L-
value, A-value). Besides, phosphorus is released from
the soil by exchange with ion-exchange resin or by
extract with mild chemical reagent of every kind.
Efficiencies of these methods are different in accord-
ance with the sort of the soil to some extent.
Though the results of these experiments are the
indices of availability, they do not indicate the
total available phosphate from soils by any method.

In order to facilitate plant uptaking phosphate
by suppressing soil phosphate adsorption or promot-
ing availability of soil phosphate, its useful to make
acidity less severe by liming. Besides, raising the
Mg : Ca ratio by adding Mg, or amending the soil
property by supplying silicate are effective for above
purpose. Some kinds of organic acids, dyes and
other organic complexes are also useful as blocking

reagent of phosphate adsorption by soils.



