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Table 1 Properties of the soil samples taken from the plough horizon
of acid paddy soils in the southeastem hubei

590 A 2H B A g HL%
+HRERE Rt Particle composition GRS e Available LB
Soil BE , Organic | pH|Total P P (rg/ . 1‘
Sumple .| Porens | HERE | | e | el | P O8I0 Topl e

material I;llg.s()lfﬁmc(lg)<0:F01(;118mi:1122}5) Cefke) (ng/8)
1 — — 13.3  |5.6]| 337 5.8 123
2 ' 67.3 46.1 11.7  |5.4] 330 5.6 141
3 LSt Es — - 13.8 |5.4] 354 5.3 136
4 Bt 49.9 38.2 25.6 5.8 370 5.5 177
5 — — 26.5 |5.8] 365 5.7 159
6 — — 24.5 |5.8] 375 8.0 167
7 — — 26.3  |5.8] 660 12.8 217
8 27.7 19.9 21.7  {5.8] 389 12.9 116
9 o R B RE — — 25.4 |5.8] 585 10.0 186
10 =Rk 45.3 20.5 31.8  |6.0( 940 32.9 266
11 52.8 22.0 29.6 |6.0| 810 23.7 266
12 — — 28.4  l6.0] 927 L 29.8 279

* BB ORENE5—1mol/L H,80, FiF k8,
(pH8.5) By A HLBIL AW ¥E Hedley AR W31 R ™, % 450 0.5 mol/L
NaHCO; WK ER IR F, A £ BIR AT ST B , M DL 4R T AR ik h A 7R v
HHEIBEAE Y, HILALEN 4 # % Bowman-

Cole MM HANE, RAIARER E i 7] ol et
S R 238 0 _E R Hledley 25 AU % N P
AR D B R AT A 2 e 2"

JaA 0.5mol/L NaHCO, #HiTIRB T 16 /NET, E§ 15 145 15
TAEBI B, A B RCERIR I

M 2 TEW, - ERE Hedley SAM)y 28  ERF

BUEHTLIEE, A 0.5mol/L NaHCO, 7 i

e, FELLB A IEALER 10 SR 30 45, BTz R
HR HS O T M A LR 143 0 3B R [R5 Hedley- o)

Stewart-chauhan SRR, MIEBRHBET g g sme ks mt
Bowman-Cole %, XEHKMGMBFRLIEE B EIERY
ﬂﬁﬂﬁ Bowman.Cole 6E¥FEE’J%%]‘@%@, R Ef Fig. 1 The relationship curves between

the time of ultrasonic treatmea: and

ﬁﬂﬁﬁaﬂ’iﬁﬁﬁ@ﬁé{}ﬁo the contents of labile organic P in the
I 1 T, B R B R O R e A R aeid paddy soils

1) Bl 0.5mol/L NaHCO, 2+ #,4R% 30 5 4h, k@A H 0 SBA R BN NE LR, BEELENE
ZLL R e BUB T ITR T R . '
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®2 FREFERBOEETIHE (ve/0)

Table 2 Contents of soil labile organic P extracted by different methods

ITHAS Bowman-Cole Hedley-Stewart- BB PR IR
Soil method " Chauhan method CHCly and ultrasonic
sample No. extraction method
4 10.6 17.6 17.0
11 19.9 23.9 25.5

1) Al Hedley-Stewart-chauhan 35,9 1 3+ BT S5 LB S MA 0.5mol/L NaHCO, 20ml, B
B AL EE 10 5y ah RS FHIRT 30 .

DI A AL TE 10 43905, RIME LKA BRAT (R, B R (D TR &, BB LB L HF R F Bl
i, Rk, B LRI A , X — R R /KRS 1T &, AR AR I 10 SR BRI B 16 /NI
kAN TR

2 R AP Bowman-Cole #:24%tH 1mol/L H,S0, BEHEEREHEFEME
BB, HIRLFH A 0.5mol/L NaOH BHREBEMEVMIIETF. {H3E Jackman M
Black FUTfF5E @, R F5R IR BU5E MR 2R 57 , 45 BB BB AR 48 S HL AT A= W 3 B v e i 14
B, EEBRSTEREN R ERRBRESENA SEETEIERE R, NHETEYEE
Hish. BIZBREEGEIE, BEETEFEEGIHY. TN, EREEER LR
Bowman-Cole %, BEARERFHIFTEFEEASIBEASNRE, NSEmhiE kB ek
S RtE IR E NERHRIR .

M 3FUEH, %A Bowman-Cole FERLEERATERE LFERIF, A lmol/L
H,S0, BB AR b EEEEIBE Y, BE oH EWZE3IN, HBREEHTE
s ae™, e EE A BAS O EEREER T, BEeH4EERE. M
ZFRATEN,RRBIEY pH ERUJ %, TSR 0.1 mol/L NaOH FiRHEELH HEA
PREB AR LT EY )G, BEER AT A lmol/L H,S0, HEHLhE iF kAL 8
W4y, B RE e T B R RIR 2, i — P R EERE.

R WAEBSREASEENEE KELIMS, E¥EA lmol/L H,SO, 48
FRERFEFNENENBE EReBETHERERI#E S, R EEasF—
WA REE LRSS NREEEBHAE o nEElLNRITY, REGEREGRIE
BB R R, AT DR S R e LR S SRR, T BT R SR EE AL
BRI AR

LRRE AL Bowman-Cole #:{%3E FJ 0.5mol/L NaOH FI lmol/L NaOH 3
frafEhifi e 0.5mol/L NaOH 1’?@3%??‘]@1‘]%:':@%@%@&%,#DJ\ 0.5mol/L NaOH
il Bris A (FA-P) {E0 T ERE HAVE, Mk igman (HA-P) B4
EBEREEENR. ATHREIZEFRAN NaOH RERGHRY, #TTARRIKRERN
NaOH #hH

MZE 4 ATEH,F NaOH B B8 HIEREEEILEAS , NSRBI R RESE,
7E 0.1—2mol/L NaOH FIH N, KK IE i , AL BB KR TR BB R,
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Table 3 Contents of moderately labile organic P extracted by different methods

lmol/L H,SO, H#iEH | 1mol/L H,S0, iEH 55F 0.1mol/L NaOH BEREME

+HEE Direct extraction KiATE pH3 HHLEE B lmol/L H,S0, #E
Soil with 1mol/L H,SO, Extraction with Extraction with 1mol/L H,SO,
tmol/L H,50, (pH3) after removing stable organic

sample No.
P by 0.1mol/L NaOH

11 104 63 87

F4 TREKREL NaOH EREPENPBBRNIEERFNRE (vg/0)
Table 4 Soil contents of inorganic P and stable organic P extracted with NaOH of
different concentrations

0.1mol/L NaOH 0.5mol/L NaOH lmol/L NaOH 2mol/L NaOH
TR
Pretreacment | BB | BEE | EWNS | Bk | EAs | BEt | TOB | RSk
of soil Inorganic L Inorganic LB Inorganic OB Inorganic L8
P Stable P Stable P Stable P Stable
sample . . . .
organic organic organic organic
P P P P
imol/L H,50,
19. 8 97.4 40.9 88.5 52.2 66.9 70.6 57.6
mtBEN LR
9.5mol/L NaHCO,
73.1 15 84.0 93.0 95.4 73.8 111 61.5
AL B GRS

1) sriRFEARN 4 S48, Lmol/L H,S0, F4¥ 14, 8 Bowman-Cole #, 2 lmol H,SO, FH4HEE
IR LM, I NaOH IR% 6 /NHIMIES Ro

2) 0.5mol/L NaHCO, Wist®+ RIS As#EE:, Ll 0.5mol/L NaHCO, &EENRBRLEL, B
NaOH #1T AR 10 85,1R% 4 NN M ELS R

WRNTREEENBRESENT, TAA 0.5mol/L NaOH {EERFNR LM T HiaE
PH VLA FRE TR, MRl 0.1mol/L NaOH {E R I M HE AR,

M 5 FIFH,# Bowman-Cole BRI FS TN HSEH 1 mol/L H,SO, RhE >
L, 3L 0.1mol/L F0 0.5mol/L NaOH B2, FrikEM&fas Al E
B#LIAT pH 1—L5, ¥HESBEK FA-P, 5 HA-P, Bifd S #TlE. HERE
0.lmol/L,. NaOH {FE#RFIF HA-P,/FA-P, Byt 0.5mol/L NaOH B XxEZ
0.5mol/L NaOH ¥ T miaEAIANE F¥, KHik, ZEf# HA-P/FA-P, HhiEE
R RIS BRE L, JREL 0.1mol/L NaOH {EEEFIE A4,

&, £T Bowan-Cole 5 il NaOH 5 i 2 1R Fa s MG HLBEE 2 PO TR 3K 6 /1N,
WRME. ME 2 7T, DL 0.1mol/L NaOH {E 1R R Fi#8 7 i 4b PR IR B 4 iR s
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#5 AREREN N2OH FriEmyy HA-P, 70 FA-P, ;g &"
Table 5 The contents of HA-P, and FA-Po extracted with NaOH of
different concentractions

T RRE 0.1mol/L NaOH 0.5mol/L NaOH
Soil
sample No. FA-P, HA-P, | HA-P/ FA-P HA-P, | HA-P/
(egled (rgled FA-P, (rglg) (rg/gd FA-P,
4 82.4 15,1 0.18 83.8 5.8 0.07
1 61.3 23.5 0.38 68.5 6.1 0.09

1) +##H; Bowman-Cole 3 /] 1mol/L H,50, B EHRLTHAMAPIFRERN NaOH, &% 6 /)
Hﬂ.t‘

HHLEE (B HA-P, fil FA-Py) 78 0—10 4RO BRI, TBREEAILHEE.
BA-P, &, FA-P, &, 2HE LI, 7 10 505, FIERAC B RNFEEA I N, %
I8 PE P A RS AT L 10 3B Ho MR 6

RELA SR WA, 1L 0.1mol /L. NaOH R,
| /l‘*——L BT 10 550 RH0 LB B 55 5
I T N DL 1,3, 4, 6 NSRS RSN, Hob
o i N T IRSHIAN 4 NI, £ R PATALRE,
e o HA-P, 55 FA-P, (BB ST SIS A1
38 o RS emILY, BRI AR AL
o e HOB AR R [l Bowman-Cole ¥HAE:, M
—— . 2 R P BLI AR AL R 10 500, )
i o DR NS RS e
- () ERENBERMENE K 0%
A2 B AL S B KRS L R i
HIBARARAIME"

Fig. 2 The relationship curves between the e Lk 3 7‘5@}3’9%%&%, AR 4R
time of ultrasonic treatment and the contents tHTﬂ%j:i%”ﬁULﬁ?&%%El /l\ A ﬁ‘ H & b
of stable organic P in the acid paddy seil W JEVEENLEE, LR WL A
J&. 8% T 0.5mol/L NaHCO, BH b BBty sy s B iE HAPLE, fRAaH
F tmol /L H,80, % 51 1b X85 % R 4 4% s R R LG HL8E, B HB I T7 0.1mol /L.
NaOH, 7£ pH 1—1.5 & TR R ST iEm BOER b R A I 5 5 i e
P LR, JE 48R T 0.1mol/L NaOH, 7 pH 1—L5 BT LRI IEm RMER b 3L
HEG MR 5o HRENES B ILE 30
AR WA Bowman-Cole 54y BIXT BRAR R 124 AR M MR M /K TS LR AR T
MERR L RRICE 7), Bk S Bowman-Cole JEFTIEELHY 12 A~ HHERVPI RS

1) +3 42,00, 1mol/L NaOH Ei2,3R75 6 /N >R A A B 5B A B ME F R
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Fo6 BERLES,.RAEFESHE 0.1mel/L NaOHFFREY) HA P, 58

FA—PO E'J :J(El) (”g/g)
Table 6 The contents of HA-P, and FA-P, in the soil extracted with 0.1mol/L NaOH ia case
of different shaking time after ultrasonic treament

RN RGN )

IR 2> Shaking time (hr)

Form of organic P : 3 . p
FA-P, 65.9 71.5 92.6 91.0
HA-P, 14.1 25.2 27.6 27.2

(FA-P,) + (HA-P,) 80.0 96.7 120.2 118.2

1) 4 SEEBLFE A 0.1mol/L NaOH Jfg,@AE N L2 10 250, B A RN EZTIRG
.
1g,CHCI, #L¥E*,20ml 0.5mol/L NaHCO,(pH8.5) #AH 10 40 4h,
Yih 30 > EhETC

| mste | | [ iz A g |
iESOmI 0.1mol/L NaOH 7 10

PR 4 N B

|

mALE | R B R
— R L gt
BALE | | Emwh i L |

e

* FOEZELRE Hedley-stewart-chauhan 3™
*REWBHASNNE: P, =Pr (B#EKHE H,S0,-HCIO, MFHRNERE)—P; GEMLKNBNE
oo H btk P, = FA — P Btk P,— HA — P,

B3 BMOKEEANEE AN RER

Fig. 3 Flow scheme of fractionating organic P in acid paddy soil

IR D BE 2RISR BT AR AL e B E B TR 2 46, Mtk
Bowman-Cole ¥ iBHIR S T AV EM T EFEEENEOREE, BT e
HEENBEFT R AR, B ET HA-P, 5 FA-P, [JHb1E, fﬁi%ﬁﬂﬁ%ﬁﬁ%ﬁﬂﬁ
Ry AR E 5 8,

() Bty e 8 gt

JLAE LB & WA 2R A1 Bowman-Cole 7Ep9& 24 2R K rh AT i L R B
(G 8), BREENR.GEEMS . BRI, Himpi e L E#LET 0.5mol/L NaHCO,
L, XSRS AR 8 RAA RS BRI, 5% AT Bowman-
Cole FERYLRILBY BB NIE LKA T 0.1mol/L NaOH %K, [k Bowman-
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8 MEZETENLRIL SN TRk FEE"
Table 8 The solubility and hydrolysis rates of some organic phosphates
extracted by the modified method

AR 0.5mol/L NaHCO, 0.1mol/L NaOH 1mol/L H,SO, 7
L/ F TS 7K AR B ﬁ@m?#@@ﬁ 7K JoR T Efﬁfﬁ%ﬁ"]ﬁ 7K AR i ﬂf@mﬁfﬁﬂﬁﬁ
Organic P Hydrolyzable Sojﬂf‘{e Hydrolyzable Soﬁzﬁe Hydrolyzable Soluble
P(P%) o ic P P (P organic P(P%) organic
compound (P%) r(g;;:f) ) b e P o
SRpkhE 0.51 93.02 — — — -
g 8k g ‘ 0.98 95.04 — — - —
B A 0.03 97.50 — — — —
B-H Mk EL R 2.05 98.89 — _ _ _
R 0.05 4.88 0.54 5.26 13.07 74.26
B 1.53 5.16 9.02 74.35 0.04 5.70
1) B ANBRLAEYERABRET TKERTHSENHOSES I
o BRI TG B~ KRNI E 00
7.}(%593@&/ ﬁmﬁ&;’aﬁ: B
% AT 0=?ﬁ4&§$§?&ﬁ§%f@;“§ﬁﬁifﬂ@?%Xloo
B EREFILB% et o
#9 BEEXRWIER
Table 8 The correlation coefficient matrix
X X, X3 X,
5 O® T B T A L HEEEAE | hREER AT IR
Method Variable Labile organic | Moderately la-| Moderately Highly stable
bile organic P | stable organic le P
P Organ C
X, 1.0000
Bowman-
X, 0.733 1.000
Cole #
X 0.250 —0.149 1.000
X, 0.375 0.372 —0.0187 1.000
x, 1.0000
%, 0.811 1.00
Bk
X3 0.464 0.337 1.0000
%, —0.646 —0.547 0.0031 1.000

Cole TEMITIHEIMIRAEE A TREL AN ARE; MBENRRABSET
Imol/L H,SO, ¥ H,ii5 Bowman-Cole #:#s4—%,

AT BASCEEERT Bowman-Cole ZEFTRISAY LA MBEA S BB X S T AR MR
B LA L&Y R X BB AR/ AR SR A R T B BTIR % 7 b 12 R
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Table 10 The cigenvector and eigenvalue
fnacika Eigenvector f, i, fs f,
FRHEM 2.0120 1.0990 0.7185 0.1705
Bowman-Cole # FE RS R B L L 9%6) 50.3 27.5 18.0 4.3
EREEH(9%) 50.3 77.8 95.8 100.0
WRIE(E 2.5000 1.0046 [  0.3580 0.1374
B ERIERRE S HA(%) 62.5 25.1 9.0 3.4
RRELH(%) 62.5 87.6 96.6 100.3
=11 EREER
Table 11 The main components matrix
F B Bowman-Cole WO B
Variable Bowman-Ceole method The modified method
c, c, c, C,
b’ 0.8979 0.2415 0.9544 0.0287
X, 0.8787 -—0.2301 0.8957 —0.0333
X3 0.0796 0.9836 0.4949 0.8055
X, 0.6540 —0.1422 —0.7362 0.5564

9 -1 3 DL U ALY > (AT RO AR A B B T AL BT T 204

W 9EFH,,BIRITER, TE 5, (FHAEBHRLERE x, (PEFEAEILED®
SERBBHY, Bk Bowman-Cole ZEFIMRZE rp 5125 0.811710.733, Ky
B R REAE D

10 s RFR, W ER, M3ARET f, L BEABRTEERN
95% DI E, £ EOTTERER/N, RIS ZE, W ESEILSNN AL EANEER T
B of. 6 R £, HEookEm £ B Bowman-Cole M £ 2hok, BAHA f, Mk
{5tk Bowman-Cole #EHIRIBIMA Ko

YMNFE 1L E L, BRG] 75% SRMERSEBEFHA BIERLER { A 4
A EZERT), Hrh Bowman-Cole #:ff) C; (Em4 1) EEZ x, GEHENE. x
(P EEREMEAE LR = (SREADIEE 286, C BT x, (hREEVB S
Bk C WEESZ x, Bl x, B, C XEZ x M x, @l C RERFHEANH
WA, C R ENEAS, HIAREES YT BIER T &% Et ik Bowman-Col:
R LB HE R T,
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ON THE FRACTIONATION OF ORGANIC PHOSPHORUS
IN ACID PADDY SOIL

Xiong Hengduo
(Biclogy Center, Wuhan Academy of Agricaltural Sciences, 430065)
Li Shijun and Fan Yekuan

(Huazhong dgricultural University)

Summary

Some problems concerning fractionation of organic phosphorus in acid paddy soils using
the Bowman-Cole method were studied and a modified sequential fractionation scheme was pro-
posed. Four organic phosphorus fractions were identified as follows:

L. Labile organic P was extracted with 0.5 mwol/I. NaHCOs (pH 8.5) after pretreatment
of CHCIs fumigation;

2. Moderately labily organic P was extracted with 1 mol/I. H.SO, after pretreatment with
0.1 mol/L. NaOH;

3. Moderately stable P was extracted with 0.1 mol/L NaOH (fulvic acid-Po);

4. Highly stable P was extracted with 0.Imol/L NaOH (humic acid-P).

The study indicated that organic phosphorus compounds with different rates of mineraliza-
tion, such as RMNA, B-glycerophosphoric acid, ialcium phytate and iron phytate, could be well
divided with the extractants by the modified scheme. Results obtained showed that the modi-
fied scheme was much better than the Bowinan-Cole method and can be used for the fractionation
of organic P in acid paddy soils.

Key words Soil organic phosphorus, Fraclionation



