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Soil Management for Solts High Accumulation Soil (1)

Properties of Soil Phosphorus Accumulated by Successive Application of
Several Organic Matters

Tadashi SORIN, Shigeo SEZAKI and Yasutaka TANAKA

Summary

Soil phosphorus accumulated by successive application of several types of organic matter was investigated to

demonstrate its properties for effective use.

T-P, Ca-P, Troug-P, Olsen-P and water-soluble P were increased by every application. Fe-p, Al-p and Org-p

did not show clear differences among the treatments.

. . f
As Troug-P showed a tendency of certain ratios to Ca-P, accumulated phosphorus forms were nearly thought
of as Ca-p. Accumulated phosphorus by cow faces application showed higher extraction ratios to Ca-p by several
exdution methods, higher solubilities at common soil pH area by acetate buffers, and the highest recovery rate

from pot examination. Although accumulated quantities were higher in chicken waste manure application than
the other types of organic matter, the ability was recognized to be very low.

We considered that phosphorus absorption should be evaluated by water-soluble P from the results of pot
examination and the recovery rates of accumulated phosphorus were improved sharply by slightly brought down

the soil pH in low solubility soils such as chicken waste manure applied fields.

Key words: accumulated phosphorus, successive organic matter application, phosphorus solubility, recovery

rates, water-soluble phosphorus, cow feces, chicken waste manure
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Table 1. Inorganic components of tested organic matters.

%o M TC TN

C/N P20s K20 CaO MgO
Fi H 5 42.25 0.78 54.17 0.17 2.22 0.24 0.08
7N #* " 43.10 0.29 148.62 0.12 1.67 0.42 0.13
24 = b3 — VRl 4595 1.85 2483 0.93 2.91 0.32 0.28
4 S A 38.38 2.36 16.26 1.30 1.92 1.79 0.81
A H oy X HE R 37.50 1.08 34.72 2.45 0.16 11.31 0.36
AT/ | 44.32 1.45 30.56 1.24 0.82 3.53 0.30
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Table 2. Forms of accumulated phosphorous by successive
application of several organic matters. (P20O5 mg/100g)
Bt o (t/10a) T-P Ca-P Al-P Fe-P  fffe-
o I T} 348.3 22.1 67.5 41.2 17.0
BoAE M W B M 431.4 63.1 87.9 53.8 22.0
6 W b o It - 400.1 81.5 96.7 60.6 31.8
£ iR S A 3t 571.0 130.3 203.4 68.9 47.7
BSAA T2 X3t 751.4 3279 215.4 66.9 27.3
g & M & E H 425.2 68.2 126.3 58.4 30.1
8 R b o5 1t 421.9 75.7 120.2 63.3 44.9
£ HB4 3 A 3t 586.7 198.8 151.3 59.4 72.2
% BIATHIX3t 840.5 484.0 131.3 50.9 70.7
B OBE M & GEOM 446.7 76.4 93.6 81.0 23.1
9 MM b o 1t 462.7 83.2 88.5 97.5 29.8
£ HBRESA 3L 686.0 246.0 175.8 96.7 53.2
B BLAAAHI X3 1,005.1 554.5 140.6 72.1 29.8
e 3B t X T686.0mg, A3 A A #7 XHENE 3t ERAXT
1005.1mgiTiE L1z (F2#),
1. ERY VBORELLE JERERI T, E<rCally) YEgWmsE L. H9
&) YERIBMETEIE A 2 B & & bicin L. ZERBE VERRTHERITIZB A A H 7 XHENE 3 ¢ fEF l7><—.'€6i5546m9
IGRNCIE 3483 mg Th » 7248, H IFR THHCIZ BV ICETERF Ui, £/ ATRS) vBRIE Call Y v RRIC
MHXE LD S 1 L AR T450ngmi k. 4343 THmMEALIS | A 3R TIT58ng. S A
F3k BHEOECLIERY) VBRIEHEOLE (B 91E#%. P05 ng/100 g)
Table 3. Comparison of exduted phosphorus quantities
by several exduting methods after 9th cultivation. (P2Os mg/100g)
. " Troug Olsen IN-CH3COONH, IN-NaCl Tk Ik
(t/10a) (pH7.0) (pH7.0) (1:5) (1140
OB O & o 20.2 7.2 - - 1.76 -
' M ®m O M 71.0 42.0 6.18 5.41 6.23 10.54
i p] 5 0.5t 60.7 38.2 5.22 5.54 5.10 10.28
It 75.2 39.6 8.37 6.62 5.69 11.31
g\ # B 0.5¢ 63.3 38.7 4.53 5.14 5.49 9.94
1t 73.5 39.8 5.76 6.48 5.64 12.16
24— bra— VK05t 59.8 45.4 5.90 6.62 6.97 12.68
oW o S A Lt 129.9 54.6 24.28 23.26 13.62 23.98
2t 144.5 60.4 36.50 37.46 18.00 31.86
3t 210.3 72.9 62.56 69.08 26.27 46.42
B AL NI X 1L 284.7 53.1 47.61 23.94 12.15 20.90
2t 341.1 55.4 54.33 24.74 10.45 21.24
3t 441.1 60.4 68.05 35.28 13.19 25.76G
S A N — Tt 113.7 43.8 1111 10.54 7.14 14.56
2t 219.7 50.3 21.95 18.52 10.35 19.36
3t 254.8 52.3 26.89 20.28 10.79 20.21
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Table 4. Soil pH and exduted phosphorus ratio to Ca-p by several exduting methods

after 9th cultivation.

s it pH Troug Olsen  IN-CH3;COONH, ki Tk
(t/10a) (pHT.0) (1:5) (1:40)

& Moom e A 5.92 92.9 55.0 8.08 8.15 13.79
Fig H 5 0.5t 6.19 93.8 59.0 8.07 7.88 15.89
1t 6.32 90.4 47.6 6.84 6.84 13.59

UN # = 0.5t 6.11 90.0 55.0 6.44 7.81 14.14
1t 6.12 83.3 451 6.53 6.39 13.79

24 —ba—-VEEEK0S5t 5.75 76.5 58.1 7.54 8.91 16.21
& oo S A Lt 6.04 93.3 39.2 17.43 9.78 17.21
2t 5.96 88.5 37.0 22.37 11.03 19.52

3t 5.99 85.5 29.6 25.43 10.68 18.87

WA ALH I X 1L 7.20 96.6 17.9 16.00 4.09 7.03
2t 7.32 93.8 15.2 14.95 2.87 584

3t 7.31 79.5 10.9 12.27 2.38 4.63

B3 AN — 7 0t 6.39 96.8 37.3 9.46 6.08 12.39
2t 6.32 86.8 19.9 8.68 4.09 7.65

3t 6.47 97.0 19.9 10.23 4.11 7.69
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Table 5

Correlations coefficients between bases of each exudates and soluble phosphorus

Troug V) v Olsen ') v B kst ) v | NEEBE 7 v 2= 4
(1:40) ajEy g
Ca (me) 0.9696** 0.2362 0.7432 ** 0.8351 **
Mg (me) 0.7294 ** 0.9394 ** 0.9479 ** 0.9068 **
K (me) 0.5380* 0.8222** 0.9786 ** 0.8079 **
Total (me) 0.9870 ** 0.8292 ** 0.9657 ** 0.9405 **

wie | BIKETHE
* 5 BIKETHE

Fok SREKCKIIBEHERER (me/100g %+)
Table 6

Soluble bases by several exudusing methods (me/100g D.S.)

KA (1 :40)

n o Troug & IN-CH3COONH;4(pH7.0)

(t/102) Ca0 MgO K20  CaO MgO K20  CaO MgO K20

' M & O M 7.34 1.23 0.59 682 1.13 0.49 0.23 0.10 0.18
Fii b 5 05t 7.44 1.44 0.75 7.47 1.38 0.64 0.17 0.08 0.20
1t 8.30 1.70 0.95 7.33 1.51 0.79 0.19 0.10 0.31

NE R 05t 6.83 1.36 0.75 6.67 122 065 0.17 006 024
It 753 152 1.02 7.21 136 087 0.30 0.13 039

24— ba— V05t 6.27 1.06 1.09 6.47 098 1.00 0.15 0.05  0.36
OB o4 5 A 1t 8.92 2.27 1.44 8.24 2.27 1.41 0.32 0.22 061
2t 9.13 2.71 2.09 9.00 2.89 2.16 0.47 0.39 1.05

3t 11.50 327 264 9.85 3.71 2.74 0.56 0.53 1.40

B 3AA B X 1 21.12 2.34 1.52 12.69 2.19 1.81 0.33 0.18 067
2t 23.64 2.52 1.46 14.97 2.54 1.45 0.44 0.20 0.66

3t 26.75 2.99 1.64 1508 301 1.59 0.41 0.25 0.73

s A N — 71t 11.38 1.43 0.87 8.86 128 067 0.26 0.09  0.29
2t 17.31 2.16 117 11.33 215 085 0.59 0.28 0.44

3t 20.32 2.54 1.31 12.32 2.41 1.15 0.55 0.29 061
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Table 7 pH of 1/5M acetate buffer as affected by each examined soil.

H235
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6.53

& i 3.06 353 403 451 500 546  6.02 6.47 682  7.24
B oM OE OO 314 358 405 451 5.01 546  6.01 642 651 680  7.17
B b o 1t 317 357 403 451 500 547 6.0l 642 651 679  7.16
WA 3L 319 3.58 4.05 45] 5.00 547  6.02 6.43 6.51 6.78 7.12
AHIXHBSHAIL 339 367 409 454 503 552  6.14 668 679 124 766
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Fig.2 Solving properties of accumulated phos-
phorous with pH changed 1/5M Acetate

buffers.
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ACow feces 3t ASaw dust manure com-

posted with chickin waste 3t)
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Fig. 3 Solving properties of calsium with pH
changed 1/5M Acetate buffers.
(O None-Control @Rice straw 1t/10a

A Cow feces 3t ASaw dust manure com-
posted with chickin waste 3t)

Hv g LEHEEBAAA T XILRTHELLE
<. pHEMkZDMOBEM TRER D -2 GBI,




SR - Wl « A IEREEERE DRI B A RERE RN CB LHD

6. H/EY VHIEDAREME
WY vEALY T L FE2Y VAV AL TS

100[ @WM

) BT AERE (%)
o
=]

(o] i 1 1 i pen—
3 4 5 6 7 8 9 10
pH
AR 1/SMEBREERIC LS pH IO Y VIR ER
etk

(O3 ) vBHhvyo L @FE2 ) VRRIVY
va NEIY VTS AL AEL )Y
ety n JE3IN VAV L)

Fig.4 Solving properties of phosphoric solts
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Table 8 Dry weights of spinach (g/pot), phos-
phorus conntents and absorption quan-

tities.
n i wME ) UAER ) VRINE
(t/10a) (g/pot) P (%) P (mg/pot)
& oM O e H 763 0.63 480
g b ) it 10.55 0.65 68.7
R E S A 3L 19.76 1.32 260.7
FAIAA T X3t 12.65 0.90 117.0
% =

R vBRAEENICHEST 2 & 2 vk . CaBlY
VRIS EEE R Lo s, EREY vBE. ALRL Fe®!
DRIET B D - foo F 1o BHOFL VS

HOE koL o0 VEERIE S SMEEN LY R & ORISR
Table 9 Correlation coefficients between phosphorous absorption and soil phosphorous

Troug #: Olsenik

Kbk (1:5)

ke (10 40) IN-CH3 COONH 4

U U6 0.3252 0.9367

0.9936 **

0.9885 * 0.7439

wk | BKETHE
® 5 KETHE
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Table 10 Estimated maximum quality of water-

soluble phosphorus by Yoshikawa's

methods. (after 9th cropping)

G M Wbho aA A x

TG £ It 3t HBIA3L
R EH R 11.68 13.16 5230 29.74

(P20smg/100g%2 1)
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DEBEDLE LV NS, 22T FSHHED
ICREVER Y ERTEF O L ROKENE ) v O@E»H S, F
DHEZFARBLREERDSE L. Cally) v O ER BiC
bbb o, £3543t1 KT1E523mg., EBESAZH
7 RHEAE 3 t XD29.Tme i 3¢ L TH 2 fEBDEH OBTRE
EDidh % (FEI0R), X518, WFhOBHEICBONTY
RAHEER S ) VAR BICIHRVBEGESED SN
25, Troug Y YERIZEE LTCBHEhD A v 4 &,
mm%uvmuhuvAémm%w%<\gt\%@@
DORHEZED T, FLABALE CHBER DT H Y
9 LR BESANDAN Y THEERA LTI & < i
VI LWEN(ESR), £, BLALH 7 XHEE
KT, EpHE TIREMRESS VA, SpHE T &
BICIET L. 2@ Fad o739 4 METH B ES
NBE3 Y VBANLY Y LD OB e %
Rlie L L. E3AMBKTEE pHE TO 3 R
DETHRLDLEL. OBMEHE LTh. L0Bm®
EOFWMENB T EERLTV S,

INLDTEDSY, FLAEBIAALH 7 ZHEIEE
M. HEBEOREOMICER LizCalty v
BRp DB B LU BSOS OR W HEHRED
EBNELTEN-bDOEEZ OGNS, HBREAEMONH
TR, U VBROBRIIERIO X L — MMEFICL S
MAPEIE R DEEIC L > THIRES N B DS, F5HAMB+
B & 5 iE Y VEET. WREEAGRR. & e ) fafn
ErEWVIREETIE. Avvw niiidciid. Lok
ICBIRISEAZLEATVA L LB MESINS,

S oiC, 3 AMALIE TS A4 H 2 X HEIEfEF
T HNT, £ s Cally UERADIIC . ALK
HOWEME) VBB DI EEDS T, s Ly eo
U VERBAEDEE 5 e F o, HHE) VEROBFEDIE W
A 5 &L ) VIBRINE KA ) v & 0B




SRAR - T« Hch SRR T 5 0 B REREEREN G 1 HD

i bE . ESIEVRBHECL 0 SVMREANES
e RO Ly o0 YEREREG RS E &N
TWaM20 EACBIMAEDCHKR. £OEFEOH
Y VEREObL. D LAKEBKY VEEER ORIV
Fhidh b EEBNTEN?®, AHXROZER b INER
MfIFB3HDOTHAD,

L L. REBRICHER LIZBLARERBOLO T
FENCIE Y VER A LY O LSS DIRIME TV B L i
FaNEH3, pHHIOBEBMREAR LR, pH 2ETE
T a0 THRARRRECALETE2bDEEL SN
3,

BHEE. £ vBOBRMAMEZ. OB REE
BT EbH D, SENEHFEIERLEINA TN, &
KB & HBE—TH, F—{EfHERicB0Th, MM
Ehtick -~ TER ) VBOE L OFHEIIRILD, Thd
EEMUBSORD, BAREL R >ER) v BOME
HRBAEOREINETH A9,

o, BE—#INCEREN T 5 Troug!) VBRI
ZOEFE L TORBREDOKEIARTREELLTER
LMENETHO. BERLIETOURLEDLE.
T LAKEBH ) vETHERN T AOMNRYEEZ LN
b, LbpbZORHEBMW NS TNIPIIVEE, 20
TEOBRIGE O bDEEDLN, 5%, CokH it
EZWMBEEEOEEN SN S,

1 =

BHEOEMTEMOMIC L DER L) vEoRE

oW THRE L,

1. &) vig. CaBly YRR MERICREVEL <L
foo AITU, Feld) &, HHEEED VIR & EMETENIC
HHHOD, FEMUEBZBBD SNEh - T,

2. Troug ) YEZCall) YE Tt L T —EDHE
Aaxrl. Bl vBECal) vRRITk B 6D EEZ
Shtce

3. BEOBHEICLESY vBDOCal) v EEICHd A
L&t HIRESAMATE (. B3AF H 7 XHEIR
Wi TEA - 1oo pHEIDBREN S b, @EO LK
BRI COBRMIE R ES AR TEL . BIALTH 7
ZHENEHEH XTI @R AR LTz,

4. ky vy oDy yEBRIREE. £35S AHTE <
FIAA T IHINE TR 5 Too Thoe FO LYY
DY RSNG5O KE T ) R E DB
HiEbE . KRB THO L S vEROS TR+
I AT IOk ThE I N A& THH &

5.

41

Eioht,
pHAIDEREED O, R ROENELAA 7

ZHEIERER T 6. HEEOpHAEET F i 5120 THIA

RErKigemlbTtcidrbnsELoNI,

5l B 3 Wk

NG, 1980, LIEAH O ABS 205% (%]
8B KK DOEH O ADER. WFHRBFIBIER.
52 1 55-68.

—. 1985. +HE0 A BT APFEDOBIR. B
KB, 61 361-367.

BEEHRI<E]. 1988, ME. JhE R,
B EMAEmEM ), B, pp47-48.
WEARTSH - /NG - 8 WRE. 1971 BEE XL
KABicBr 2EEERAOHR. LBREH, 22:259
-320.

HEZEA. 1986, FESAREICL S 0 ADTEERR
HEz00E. BHOKERNSSE - BRUHR, [+
HREBROAOBE - TERFIA L pp144-156.
JIAESSHE - [ MERC. 1983. HRELHMIC B BRI
IEDMERhR. ALBHTHR. 138 © 31-49.

Lindsay, W. L., A. W. Frazjer and H.F.Stéphenon:
1962. Identification of reaction products from

phosphatefertilizerinsoils.SoilSci.Soc. Am.Proc.26:446
— 452.

AR ERE « AESUE « (WHFESE. 1984, +EhoF
WMEROKERE Y vEEORIE S, BERETTR.
Al 35-40.
W E - BB 1978, FESARKELSTICE
FEEBEEM ORI FIcBE 4 2 HETR. K
ADBEEL R B OB I R e
JTUEAPIR. 40 125-126.
AR o @M. 1986, YEMIRIED D ADEE

[ABEIE

R, BHMOKERUN S - BRUHR, [ LEER
DADELE - FERFA ] ppl25-135.

. ChRPERRE - HRREE - SR, 1959, Y vBR=&
FROKEP OREE & FEfRE. TIESS. 29 ¢ 457-460.

. FESRIEEL. 1986, {LtbSREIEARIC L A TIEEREY
ADENL, BHOKERNT 23 - BEUHE. [ %
BRI ADEL - FEERFIH . 43-56.

. PHERAE - RKRIBEA. 1986, V) vAMRE S F OB
MR oTger: « £ &Y. 28 @ 31-40.

. TehEiE. 1990, VABIRE. BEFe s —& T8
EHMMAE]. pp476-490.



(42)

15.

16.

19.

20.

21.

- REER—

REEH— - HIAIFE. 1985. HEDHEHWIL &+
DAL KX 3508 . FIEZE. 56 : 378-383
1978, BEROARERICT S
FEAC S HUAR 1T 35 1F 5 BFSE D UL & 0 ABROD
IR, EAEEE. 58 139-143.

1987, BRADAICPES LHEY) v BRE T 4

2T 4E/)T2T T —EEE. TR

B BEICEA A L O RiF 4 8.
#E. 55:311-315.

Sample, E.C., R.J. Soper and E.J. Kamprath: 1980.
Raction of phosphate fertilizersinsoils; in The role of

e

phosphorus in agriculture, ed. by F.E. Khasamneh,
E. C. Sample and E.J. Kamprath, pp 263 — 310,
Madison,Wisconsin.

BIBZE=. 1978. DAE. LERSSHETELE
(TR OTEE ] BEH. pp 225-245.

HE BE 1988, RET v 7OFRMGIE. B
pp 72-80.

58:144-146.
L KPRKE - HENET - RILBIE. 1984, SRR

HEEBEENBRSIIRRE

22.

23.

24.

25.

26.

217.

28.

235 (1992)

AR IR - HREERE. 1992, KM BUNE (T IC &5
I AERYGAREN E3W) KEERYOERIC
LBk Ly olEELEOE. BBEANER
23143 - 49..

BEEN - BE  IE - HchEaE, 1984, + SRR
DY YEEROEE. HIEZE. 61 98-103.

WA —Z - BT - RER - KRB W, 1985,
B R OB ED (LI RIE 4 8
+IBgE. 55 : 311-315.

FASeim - InREEL A . 1983, L iEdhic Bt A HEIR Y
YEROBNEICR T BT, BEIREMEF R 251,
HibiEk. 1985. BHMUC T 2 /MY vBROER

THESE. 54 : 255-261.

HllE— - SHEME. 1987, LEOKEMEY “Bo
e, LMEsk. 58:612-615.
HERE-M - CRB= - BE - B % 1982

BB 2FEL T Ly oRBEERO £
EEEOEtic oW T, EEBEET. 30 23
-28.




