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N &4 EMFEHE 7 M BFT TRAFEEPIC R, FE L 40 Mot
AT EEYE, oH (H,01:1)4.90—6.85 (4 pH KT 7 RN, HHRS R 0.68—
2.72% , 2 0.04—0.156% , & W% 0.014—0.045%, ¥R & & (<0.002mm) 15.31—
53.27%, TSR LBAMTRTEHAILIMMEELIR. RKE NPK 425 NK 4
B, EHEH ZosOs; 4 REH, BREWAERAEAS). REHERA: (1) EXFR
X R; (2) RTWREXR; (3) 2RSR#EE; (4) FNIHESHIES IR
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Table 1 Methods of extraction for available P of soil used in this study
: RIENEM(D) | XRRS
Eﬁéﬁ Extract t’ﬂ! Soil [ extractant Time of Reterence
actan ratio shaking (min ) No.
Bray I # 0.03N NH,F-—0.025N HCl 2:20 30 (91
Bray | & RE 2:40 30
Bray II # 0.03N NH,F —0. 1N HCl 2:20 30 9]
Truog 0.002N H,S0,[0.39%(NH,),50,] 1:200 30 [19]
Mehlich I #% 0.05N HC1—0,025N H,S0, 5:20 5 [153
. 0.2N HOAc~—0,25N NH,NO;—0.015 N .
Mehlich 11 3% ) "Ny F—0.013NHNO,—0.001MEDT A 2:20 5 (16}
0. 1NHCI 0.1N HCI 5:25 5 [3]
Al-Abbas 0.5N Na,C,0,~0.3N NaOR 1:3417 5 18}
Olsen 2 0.5M NaHCO, (pHS.5) 5:100 30 [17]
29% NaHCO,—0.7% (NH,),50, 2:50 30 (5]

Olsen FkEd:

EMARASTENRREAZE R RS RN TFHERTHE |, REBLE,

[Oisen] () 7.4 2.2
g Osen ]9.5+5.8
a | Al—Abbss ~J65.2:24.4
'éﬁ INHCY 8.8+ 10.9
5% Mchiich {_ ]19.013.6
o i [Mehlich []14.6212.0
m§ Bray | ] 3d.122.9
g Bray | (2:40) J22.7:14.9
ﬁ Bray | ]12.4%10.8
Truog 21.8+15.8
. L " . . . s
] 10 20 30 40 50 50 70
P (ppm)

1

10 FhJ7 3B BB R E EEL B (40 MR L)

Fig. 1 Average amounts of available P extracted by different methods
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ME 19[4l Al-Abbas FEHIEBREEREX,

Blo {HIBEUHAYXE Fe-P KEBN LR, TEHHBBNEH,

BEERBUELERS + MSHREZHRNBERAREE 2o A HERIAES RS,
ZRBHER A 30
¥2 FRAFZEGBNEM (loeP) SBHTANMERRY

Table 2 The correlation cocfficients between the reference standards and the amounts
of available P extracted by different methods in ficld experiments

XS54 Fe-P 4N SRR L H—

i) 173
Methods

FRF R AN~ R
(n = 35)
Reletive yields
of cora graia

RT Y EAaN R
(n=35)
Reletive yields
of dry matter

EXeHEB R
(n=29)

P absorbed by
corn plants

EXFRSm
(v =31)
P conteats in
corn grain

MR RBOOEIMY
Mean values of
correlation
coeticicnts

Bray 1 (2:20)
Bray I (2:40)
Bray 11 &
Truog ¥
Mehlich 1 %:*
Mehlich 11
0.1N HCI
Al-Abbas #:
Olsea ¥
Olsen ik

0.743%*
0.506%*
0.410*
0,736
0.687%*
0.576**
0.450%*
0.303
0.406*
0.345*

G57%*
«401*
.383*
G370
621%*
555
434
.215
.400*

o 0o O O O © ©O ©o o o

.355%

618%*
«463%
.463*
662%*
639>
573k
L563%*
.158
«460*
«499*

D O O O O O O O O o

L709%*
.552%*
Gle**
L790%*
JT66%*
G5
G577
124

«544%H
.596%*

0 O O O O O O O 9 o

0.682
.481
468
.706
678
.589
2530
.200
.453
.449

=1

*® O O 0 O O © ©

* BRO=A RS FTRRE.
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Table 3 The correlation coefficients among the results of available P extracted by ditfereat methods

Methods (BZ’:“ZO; a‘?s& Al-Abbas [0. 1N HC! | Meblich I | Mehlich I| Bray 1| Olsen | Truog
Bray 1 (2:20) [0.871** {0.676%* 0.391= 0.792%* 0.890%** 0.921** |0.84]1%* |0,739%% 0 870**
Truog 0.802%% l0.751%% | 0.437%% | 0.866** | 0.832%% | 0.953%% [0.836%= 0,752
Olsen 0.768%% 10,825*% 0.704%* 0.604%* 0.787%* 0.672%% [0,742%*

Bray II 0.905** [0,830%*% 0.431%* 0.871%* 0.962%% 0.876%*
Mehlich 1 0.859%* 10.661%* 8.358%* 0.886%* 0.862%*

Mehlich I [0.946%% [0.843%% | 0.478%% | 0.850%*

0.1N HCI 0.734%% [0,730** 0.157

Al-Abbas 0.551%% [0,540%

Olsen Bk [0.728%*

M 2 53 3 WEEE, RITFIF BRI TILRLE 1!

(1) BRAKEHEMIARFES: Truog > Bray 1(2:20) > Mehlich 1>>Mehlich 'TII>
0.1 N HCl > Bray I (2:40) > Bray II > Olsen > Olsen i #t5: > Al-Abbas; (2) fFiX
18], Truog E\BrayI Hc MehlichI BERUMHERXRABELEEEIR, M MehlichIII BRI@ER T
AW O) FTENBRERBRENE RSN TRERNE; (4) SMBRERREHRL
ZRRAXEHMRIF, Mehlich IT 5 & MERHERE S > AIRMHEXEHBBREF; (5) Olsen
EZ(FRM)EHESEZRINMEREBAE ST, BRM Mehlich [II #&; Al-Abbas k5
Olsen H:(FFh) L Mehlich [T H—EHRX .
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BHO/NEARIRB, X 13 RS EHbL MR RET AES « E(LHhREROBR)N
2, UENE—F R ITEERRNBLIE, R EMOTER LR, 558 R
SR, BB . RRIAR G LIS 3.5 AFF, B/AERE 20 K, FZE 15 #, HE
BN 0.6 /4, K00.6 35 /4, P,050.42 3/&, BHEMAFRY 350uc/ o NE
T 1984 48 11 [ 28 HiBFb, F 19854 3 B 7 H(ARALI M, #4705 HEEE
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Table 4 The correlation coefficients between the reference standards and the amouats of
available P exatracted by different methods in pot experiment

2 W Bray I | Bray |

Standards (2:20) (2:40) Mehlich I | Mehlich III Truog Olsea Al-Abbas
Al 0.796%* 0.872%* 0.699%* 0.833%* 0.705%* 0.857%* 0.547
a{f 0.950%* 0.933%=* 0.807%* 0.915%* 0.650%* 0.688%* 0.222

ARARPAUELERN AES « HRBEXABERER-B, EXDNABRRESH
ERREREL—F: (1) BUNBERIGE Al-Abbas H(ELIRE Fe-P X E)ER
HARBEHB ERAZHY, EEIRARNVLERD, Olsen ZNEHUEEHES T;
(2) BRI THERE; (3) Meblich IIT EXBFIEAREHAMNER, WEH:
R B BIRER.

=, Bk R R RS A

ATOEBMHERE ERASRIEL MR RSB RERRILTRHRERR, R
17T 1984 SFExt 35 M HERER TR RHETRE SNSRI BrRABEABE R
HFREARTEBREY; HHAESP SEERAE P, AU P RRAZREIT AN, S
RN 5 Bime MRAHPTAL 3 TL M2 84, & T R K R Ach , BRasst &Kk, ]
BPRE,PHEEWMAN43.7%, Fe-P RZ, 5 23.0%, LITFHKKY: AH P(21.1%),
Ca-P 5 Al-P (3% 6.0%), NH,CI-P {X 0.24%, Xi@¥ L8, AHBARNEYHLa
FEAR.CEAMRE; HWBEINMAER, WEBRHBHE P> Fe-P > Al-P = Ca-P>
NH,CI-P MR & REN. B—ERSHMES (1963) " REME. &M% (197971
MER—HH

KifE 60 FRINE, CHREEMESNBERRAEURHAK AR SR, HEP
ERFBEMRMRK, Fe-P NESESHARMABRT -BHARRIE N TEIX—H
0L, RITEARET THRIET T8 (1) ZABRESEEBS B ZRMBXENE,
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Table 5 Amounts of different forms of P in cultivated upland red earths
b " o - 3 Inorganic P Oﬂﬁhﬁ P
THSH Tf:iﬁl’ Al-P Fe-P Ca-P Mg &P
Soil No. ppm Occluded P Ak |5e® opmn ey
=f " == 5% SE | ppm % %
ppm | HlL#% | ppm | HL@% | pPm | HLBY | ppm | HLEE
% Yo % %

2-01 400 12.1 3.7 | 112.2 33.9 | 14.2 4.3 | 191.7 58.1 | 330.2 82.6 | 69.8 | 17.4
2-03 420 29.4 8.7 | 112.2 33.0 | 19.5 5.7 ]| 178.3 52.6 | 339.4 80.8 | 80.6 | 19.2
2-04 200 7.5 4.6 49.2 29.9 7.8 4.7 | 100.0 60.8 | 164.5 82.3 | 35.5 | 17.7
2-06 310 14.0 6.2 53.0 23.3 ) 30.4 | 13.4 | 130.0 57.1 [ 229.3 74.0 | 80.7 [ 26.0
2-07 260 8.4 3.8 46.7 21.0 | 11.0 4,9 | 156.7 70.3 | 222.8 85.7 | 37.2 | 14.3
2-08 280 26.9 | 10.0 79.0 29.3 | 16.6 6.2 | 146.7 54.5 1 271.1 9.8 8.9 3.2
2-09 360 12,9 4.5 4YgR.2 34.5) 17.1 g.O 156.7 55.0 | 284.9 79.1 | 75.1 | 20.9
2-10 210 9.4 5.6 48.4 29.0 8.9 5.3 ] 100.0 60.1 ) 166.7 79.4 | 43.3 | 20.6
2-11 250 18.5 9.2 68.3 33.9 | 11.5 5.7 { 103.3 51.2 | 201.6 80.6 | 48.4 | 19.4
2-14 230 9.1 4.4 54.1 25.9 | 10.5 5.0 1 135.0 64.7 | 208.7 90.7 | 21.3 9.3
2-15 450 30.6 7.7 1 126.2 31.9 | 35.06 9.0 | 203.3 51.4 | 396.0 88.0 | 54.0( 12.0
2-17 380 21.9 7.6 88.0 3N.4 | 29.4 | 10,2 | 1500 51.8 | 291.5 76.7 { 88,5 [ 23.3
2-19 350 33.51 10.1 | 103.3 31.1 | 28.4 §.0 | 166.7 50.2 | 331.9 94.8 | 18.1 5.2
3-01 282 8.5 4.6 51.0 27.6 { 12.2.{ 6.6 | 113.3 61,2 | 185.0 65.6 { 97.0 | 34.4
3-02 351 17.5 7.3 51.0 21.2 § 37.5 | 15.6 | 135.0 55.9 | 241.2 68.7 (109.8 | 31.3
3-03 341 15.9 7.9 69.1 34,5 | 15.4 7.7 1 100.0 49.9 | 201.9 59.2 |139.1 | 40.8
3-04 326 26.5 | 11.4 88.4 38.1 | 14.0 6.0 | 103.3 44,5 | 232.2 71.2 | 93.8 1 28.8
3-05 275 36.2 1 15.2 61.7 25.8 | 10.9 4.6 | 130.0 54.4 | 239.1 86.9 | 35.9 | 13.1
3-06 278 15.9 8.3 51.0 26.5 | 12.5 6.51113.3 58.7 | 194.9 70.1 | 83.1 ] 29.9
3-07 397 41.1 ] 15.5 65.0 24,6 | 38.6 | 14.0 ] 120.0 45.3 1 275.5 69.4 ]121.5 | 30.6
3-08 218 5.9 3.4 46.9 26.8 ([ 19.0 [ 10.8 | 103.3 59.0 | 175.1 80.3 | 42.9 | 19.7
3-09 404 24,6 8.3 99.4 33.4 | 23.6 7.9 | 150.0 50.4 | 297.6 73.7 1106.4 | 26.3
3-10 364 18.0 7.0 86.9 33.8 1 18.4 7.2 | 133.5 52.0 | 256.8 70.5 {107.2 | 29.5
3-11 325 11.9 4.8 60.4 24,31 13.2 5.3 1 163.3 65.6 | 248.8 76.6 | 76.2 ] 23.4
3-13 280 16.9 7.8 42.0 19.3 | 18.6 8.6 | 140.0 64.3 | 220.4 78.7 | 59.6 | 21.3
3-14 295 10.6 4.4 63.7 26.6 | 28.6 | 11.9 | 136.7 57.1 1 241.0 81.7 | 54.0 | 18.3
3-15 301 11.5 5.2 76.0 34,3 | 20.5 9.3 | 113.3 51.2 { 221.5 73.6 | 79.5 ] 26.4
3-16 139 16.2 | 12.3 39.2 29.6 8.5 6.4 68.3 51.7 | 132.2 95.1 6.8 4.9
3-17 328 48.1117.3 72.7 26.1 | 22.8 8.2 | 135.0 48.4 | 278.6 84.9 | 49.4 | 15.1
3-18 351 15.6 5.8 75.7 28.2 1 15.4 5.7 [ 161.7 60.3 | 268.4 76.5 | 82.6 | 23.5
3-19 271 6.6 3.8 42.3 24.4 | 24.4 | 14.1 | 100.0 57.7 | 173.3 63.9 ) 97.7 [ 30.1
3-20 269 7.8 3.9 41.6 21.0 | 14.1 7.1] 135.0 68.0 | 198.5 73.8170.5] 26.2
3-21 302 16 .6 6.8 73.2 30.1 ] 18.4 7.6 1135.0 55.5 | 243.2 80.5 | 58.8 | 19.5
3-22 325 8.1 2.9 90.5 32.9 4 11.8 4.3 ] 165.0 59.9 | 275.4 84.7 | 49.6 | 15.3
3-23 330 31.9 9.8 | 106.1 32.5 1 14.9 4.6 | 173.3 53.1] 326.2 98.8 3.8 1.2
iy 310.1 | 18.5 7.6 71.2 29.1 | 18.7 7.6 | 135.6 55.4 | 244.7 78.9 | 65.3 | 21.0

HRNE6;(2) 10 HHRBRMNE/SEMEEARS R ZANEXENE, ERILE 7,
MRRERATUAEHED, RE RV EBEREWFHES: Al-P > Ca-P > Fe-
Po 2B RBMEN Fe-P, HABBERES=, XELRTMHN, FUTUEN, LE
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Table 6 The correlation coefficicats between the reference standards and the
amounts of different forms of P in soils
' ® =4 T Standards
B E & i*ﬂ-&?ﬁ'ﬁﬁ“l BFYREXN & FRaph
Forms of soil (n = 35) (n = 35) (o = 31)
Reletive yield Reletive yield P coatent in
of corn grain of dry matter corn grain
Al-p 0.516%* 0,448%* 0.473%*
Fe-p 0.232 0.180 0.275
Ca-P 0.363* 0.355% 0.682%*
O-pr n.306 0.270 0.362
Orq. -P —0.061 —n,083 0,243

87 FEAFERARRMEESFRABERNBXRAK

Table 7 The correlation coefticients between the amounts of diftereat torms of P
and the amwounis of I’ extiacted by different methods

¥ ik f Al-p [ Fe-p | Ca-Pp o P

Methods ! 0 =35 i n =35 o= 35 =135
Bray [ (2:20) ‘ AT 0.133 0.479%* 0.152
Bray 1 (2:40) n,903% 0.232 0.387%» 0.072
Bray Il 3 0.755% n.195 0.591%% —0.005
Truog ¥ N.765* | 0.305 0.699%s 0.297
Mehlich 1 3 0,778 § 0.169 0.673%% 0.194
Mehlich Il # 0.815%% 0.196 0.451%= 0.006
"0.1N NCl 0.563%* 0.100 0.649%* —0.017
Al-Abbas B 0.766%* n.863ee 0.234 0.478%s
Olsen .81 0.488%* 0.427% 0.283
Olsen Ptk 0.604%* 0.416% 0.531%* #.185

. ERRFRBERBFNILAEER TS (MRS Mehlich I 3k) WERHSE Al-P
BREERRX,RZNN Ca-P, H TXEHEFIERA L EEPBE Al-P > Ca-P>
Fe-Po X—HR 51 X BHMARENFRETEL—B K. '

.,

LM RH TR N E R RR B TAERKUERE GAKE T @#ET—

ZHLRMERERE
X T B —HUEE T & A 2 FIROAEN A R IR , T 1984 4 L Bxf =Fh

1984—1985 SE/hE &R W % 5 +EBE S

—R5

Fortr; RERERERRE R#E/NERKAEX B ‘%*EXTH:.(EQ B 5 IR

T 1976 £ 5 S m AT KR,

REHREILE 8

EBERBEIEAT Al-P BANERBMOEELE; HEMENNIF X Al-P > Fe-
P> Ca-P, 2 SR Fe-P RICER Al-P —K %, X T[RER B T 1% L StA 1P {E
AKRE, BE KR, EINT Fe-P AR, UEHRIXKE - MTFRBROAR,
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B3 NERVTASTHLRAMYENENLE (B: prm)

Table 8 Calcium aluminum and iron phosphates in the soil before and after growing wheat

15 + 28 % ' 35 1

H b~ Al-r Fe-P Ca-P Al-p Fe-P Ca-P Al-p Fe-P Ca-I
Replication

T E M| S (M| E (K| E | RS RS R R =R
B BiE B H B8 #H B8 |8 B EHI BB B8 [B8 | M
1 19.418.2(85. 485, 4]8.5 {3.3 [19.5{14.0{142.4 [133.6 16.0(17.5(33.2]27.2(95.9]93.1}10. 3]8.4
1l 19.5(17.9{85.7[86.719.0 |7.3 [19.515.1[141.2 [133.5 |14.8{16.9|33.4]26.5/96.1{90.3]12. I|x.6
m 19.6{18.2[84.2|85.4{8.5 9.5 [18.6[15.2[139.2 [138.8 {17.5[15.3{33.8(26.2(94.4[92.3/11.39.6
v 19.6/18.1(84.2|83.1]8.2 8.0 {19.4{13.1{139.3 }134.5 |19.1{16.1/33.6]26.2|95.9[92.6[11.3/7.8
v 19.4117.9[87.2|%5.718.9 {7.0 |15.8]13.8[139.5 [139.2 116.5[15.3|33.4[27.2/94.9[92.1{11.519.9
Sy Wwainxmm&umJMJMmswilmmuu&nmma¢;nunﬁ
1.4 0 n.6 5.0 5.2 0.6 6.8 3.3 2.4

2.0 10.8 12.5

* Blank; ** Plaated,

h. 2P RR TS o R A ALEREBRNES

XFhJ5 2 Dumbar 5 Baker F§AT 1965 £ ERE 5N AN, EZE B, It
B AR S T B Y AR RA 05 B RITNPI R KR 1985 TS
TR RBRER 7 MIEER, 6 MARBGELE, MALP L LR, pH(HOL:1)
T 4.79—5.73 Z[A]; Bray [-P 7£ 2.2—16.9ppm Z[H], ¥ S R PR 4T 4

FALREI 3 5,86 100 7, BAOMARSAH=%: P-1(0ppm); P-2(500ppm);
P-3 (1000 ppm), MABMFERA KH,PO, KiE#K, FRNMAERZE F/KBIRIBMICK,
R HYBTE 40°C BB ET; ABEMEE FAKEEM, BOBIRRET Mk
RE 6 REVMEFEFTMABNEE (P-1 LBHWLRMLE), RIFEEA, ®id 40 Eii,

MEMEEHRE 1 THEREHRA 100 ERAELER, SMA S EBFE 8udP (B
I &% 60 /N EEERBIRMER R EEH. RERAFEETHIRSI; 1o
NH(CI-P, Al-P, Fe-P 5 Ca-P, LMo EBORTE 1 2T 3047 B0 5 #:1F
e, BE 3 R BARFESE, 550 FTSBUEHETH GRS M,

Dumbar 5 Baker iA%: £ P BN RRHEHEFERITIES KT, WERIELIGE
RERTRIRHA “EHEER BN SEREN TS IRXE S #E KN R A E
FRo X NH,CI-P RiIRTHT &R0 TSt EAERS, kB0 100%, HE&RIBHRE
hEHERAB AR SR T: 1S4 P-1 BM NHF BEE (A-P)%H,
$hRt: NH,CI-P 24 0.4ppm(P) (‘B& 100% W “EH:EREH#"), 2RMREH. 2EHEY
B At ERAEH 152 fkoh /43 %F; NHL.F-P AHNHIEY 31 ppm (P),5REE24 11294 fikh/ 5y
Bhotf:152/0.4 = 380,11294/31=364.3[ B4 L858 pkib /4> &b /ppm(P) 1o N:380:100=-
364.31x, xr = 364.3/380 X 100 = 95.9% ,7FE0 Al-P th# 95.9 % W\ T /5 EAH®E ",

1) et AT 4 M e i K RS R 56> U0 UL R M K B
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Table 9 Percentage of “active solid P” extracted by different extractants

il .
B SRR T & 8% BN v
Treatments and extractant 1 2 l 3 4 5 I 6 ! 7 Average
P-1 (Oppm) HREARN% % of active soils P extracted
1-NH CI 100 100 100 100 100 10Q 100 100
2-NHF 95.5 100 100 89.3 71.0 62.3 100 R8.3
3-NaOH 37.3 43.1 50.2 54.1 27.1 32.6 52.2 42.4
4-H,S0, 17.0 10.2 14.4 18.1 5.2 13.6 18.4 13.8
£ 62.5 63.3 66.2 65.4 50.8 52.1 67.6
P-2 (500ppm) P-1 pEH=61.1
1-NH Cl 160 100 100 100 100 100 100 100
2-NHF 21.6 63.2 34.4 85.2 53.6 76.4 19.2 50.5
3-NaQH 12.0 35.2 18.6 55.4 32.7 44.8 9.9 29.8
4-H,S0, 4.4 9.4 6.7 21.2 9.3 21.4 4.2 10.9
2 34.5 | 52.0 | 39.9 { 65.4 | 48.9 | 60.6 | 33.3
P-3(1000ppm) P-2 p =478
1-NH Cl 100 100 100 100 100 100 100 100
2-NHF 52.0 47.5 55.9 57.2 42.4 48.6 56.1 51.4
3-NaOH 30.4 29.4 31.7 33.6 26.0 28.3 37.1 30.9
4-H,80, 13.4 8.9 14.8 15.7 9.7 15.2 20.6 14.0
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Table 10 The calibration index of available extracted by some methods
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STUDIES ON THE METHODS OF EXTRACTION OF
AVAILABLE PHOSPHOROUS IN THE CULTIVATED
UPLAND RED EARTHS

Lu Yunfu and Zhou Mingzheng

(Instisuic of Soil amd Ferilizer, Zhejiang Academy of Agriculiural Science)
Summary

The results of two years field experiments with corn on cultiveted upland red earths in
Zhejiang had showed that the extraction of available P with acidic extractants was better than
that with alkaline extractants. In oder to farther prove this conclusion, four different experi-
ments were conducted: (1) fractionation of soil P associated with statistical calculation, (2) de-
termination of correlation coefficients between different forms of P and the results of different
extraction methods, (3) calculation of the difference of Al-P, Fe-P and Ca-P of three soils be-
fore and after glowing a season of wheat, (4) isotopic dilution method of Dumbar and Baker.

Results of the experiments showed that the principal form of available P in cultivated up-
land red earths is Al-P. Due to the acid soluble property of active solid Al-P, acid extractants
are more satisfactory and reasonable. In this paper, the authors recommend Bray I and Meh-
lich III as the most, convineant extractants for available P in cultivated uplacd red earths in
Zhejiang. Calibration scale of these two methods and critical values of P in soil for corn by
five method are given in this paper.



