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NH.F (AFP) NaOFF NaCO3 (FeP) : F F
- ( OP) 10ml 10 ml (H2804: HCIO; HNO3
S04 ( CaorP) 1:2:7),
(T ) 7 0. 25 mol L™ 'H,S0; 50 ml,
: (1) 0.25 mol L™ 'NaHQO; (pH 7.5) L'h
CarP; (2) 0.5 mol L”'NH4F(pH 8.5) AFP; (0,
1.2
(3)0.7 mol L 'NaCIO( pH 8. 05) -
(OrgP); (4) 0.1 mol L™ 'NaOH —0. 1 mol L™ 'Na2C03 . -
FeP; (5) 1 mol L7 ' NaOH ’ 07l 1~ 1N ’c10 ’
s . 7 mo a
(O-AEP); (6) - Ore P11
(O-FeP); (7) 0.25 mol L™ "H2S0,4 Cais P L mol L~ "NeOH O-ARP )
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I L1 NaHCO3; NH4F  NaClO ,
NaH (O3 , II AFP , , 1 11
I OoP , " NaClO
[ 1 P 3.66 mg kg ' NaClO Org P ,
-1
3.0 mg ke, III OP O-AtP  OFeP, , ,
PL3¥mgks ' 3.03mgks ' ()
1
11 I1I , Liel
I I , I11
1
Tabel Soil P fractions in the tested soils detearmined with the three P fractionation schemes (mg kg™ !)
- PY AFP FeP oP CxP
Fractionation scheme  Soil samples
I 1 0.0020. 00 4 97%0.17 59 3%1L0 108 %2 21.5+0 4
Chang Jackson’ s scheme 2 1. 14%0. 00 71.2%£1.0 1061 156%3 20.7%1 4
3 0.00=%0. 00 23.3+02 106£3 115%2 18.4%09
10 0.21%0. 0 38.5103 119t+1 10%5 14.6%0 2
13 0.00%0. 00 33.2%09 108%2 110+2 155200
20 3.01%0. 33 77.3%1.0 104%3 13513 14.7£21
23 1. 1430. 0 71612 103%2 13619 16.2%0 8
30 0.21%0. 00 36.3f08 131£2 124%3 19.3f06
4 0.9120. 00 35.3%10 12%27 1101£3. 6 17.4%+0 4
Cas P CagP AFP FeP oP CagP
Fractionation scheme  Soil samples
il 1 7.5%0.0 0 00£0.00 4. 4710 63 59 0121 1014 13.2%17
Jiang Gu’ s scheme 2 31 720.7 6 981+0.22 45106 13%3 16t5 18610
3 11 1%0.3 2 89%0. 14 18.5X0 5 14%3 14 £0 16.9%£3 1
10 21 2%0.6 2 74%0.20 23107 1103 106+0 17.0£0 8
13 153 0%0.5 2 4210. 14 21.9%+0 5 1063 111+4 15.4%15
20 42 8*1.2 8 75%0.17 45.9%12 101 14616 156%1 1
23 35 610.7 8 39£0. 12 43.3%1. 3 90 8*1.5 129+4 16.5X06
30 21.940.9 521%0.37 24.0%t05 12515 117 £44 157£12
3 21.0F0. 4 657%0.40 23.0£09 116X2 108 =44 15.1£08
o . Caz P AFP Og P FeP O AFP O Fe P Cay P
Fractionation scheme  Soil samples
11 1 7.5220.03 332012 2 0*0.43 71 0%0. 8 R.5%£0.9 70.1£1.9 145104
Suggested schane 2 31 7%0.7 55.711.2 15.2%08 110+4 46. 9% 1.1 1nox2 18.3t0 4
3 11 130.3 18.6%0.7 26.9%0 9 126%1 45. 0£0.6 8.1%£7.8 16.7X02
10 21 210.6 28.8%0.3 32%4%1.27 12216 41. 1£0.2 &.510.7 1.4%03
13 150%0.5 2%4.7%0.3 538%0.61 111£2 0. 8%5.1 7.7%4.5 1.5f00
20 42 8%1.2 38.9%0.6 17.6X0 0 113£2 R®.21+0.6 93.0%3.8 15.9%05
23 35 610.8 2.3%1.0 1551 3 107£2 4. 111 .2%+2.5 15.4%07
30 21 9%0.9 25.4%0.7 3.1x0 7 162t5 57.6+2.2 &.611.7 16.2102
k7 21 0%0.4 25.2%1.0 3.1%X1 3 14412 47. 0£0.4 63.81.9 157%1L 0
1) Labile bound P
I I m op 1II IIT AFP 111 NHsF pH 82
( AFP) ( XALP) 2 85 I I 2 AP ,
.11 op [ I , pH op
, il OP
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Table2 Comparison between the three P fractionation schemes in sum of the sequential P forms (mg ke™ )
Soil sanples oP(l) OP (1) O P (11 DAPY (D) SARPY (1)
1 109 108 109 120 10. 8
2 166 156 157 83 8 87. 4
3 104 115 103 325 2.7
10 106 109 125 470 5. 0
13 111 110 122 393 39.7
20 146 135 131 97 4 102
23 129 136 133 873 87.9
30 117 124 122 511 47. 3
34 108 110 111 50 6 46. 3
1) AFP ( AtP) ( ZAFP) Sum of all P forms before At P (including A}P) i the fractiomation schane
2.2 )
3 Olserr P ,
P,
, , 1 II , 1 II I
2P , ( XP) r
56. 9% 56. 0% 1III I II 0.9159 0.898 3 0.971 8, (p<
: 63.2%, 0.01), :
s 6.3% 7.2% , 1T
3 Olser P
Table 3 Comparison between the three il P fractionation schemes in values of il total P, Olserr P and all cumulative P forms
Olserr P TP I Chang Jackson’ s scheme II  Jiang Gu’ s scheme I Suggested scheme
Soil samples  (mg kg™ ') (gkg!)  ZPV(mgkg ') %> XPY (mg kg™ 1) %2 PY (mg kg™ 1) %2
1 346 0 346 1% 56 15 193 55.93 207 59. 86
2 29 3 0 637 355 55 70 371 58.18 388 0. 85
12 1 0511 263 51. 38 258 50. 44 305 59.76
10 19 4 0 466 282 60 40 280 60. 04 313 67. 14
13 14 3 0 423 267 63 13 272 64.28 290 68.72
20 392 0 601 334 55 54 359 59. 68 379 63. 12
23 30 3 0 562 328 58 31 324 57.67 359 63. 84
30 209 0 604 311 51 52 309 51.11 378 62. 65
34 205 Q0 566 285 50 37 290 51.23 347 61.32
1) 2p 2P is the cumulative P fractions in the scheme;2) % % is percentage of the
cumulative P forms to il total P in the scheme
2.3 , Cag-P
[ 18] .
- Olserr P , CagP ; HI
Olserr P OlserP  CarP AFP
s r 4 , I —
Olsr P 1P AFP . NHuCl OlserrP R ,
I-P , ; 1 I ,

Olserr P CarP CagP AP
0.9876 0.9352 0.957 0,

OlserrP Cag P
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4 Olsen P
Table 4 Single corelation coefficient between Olserr P and the various P ©omms de emmined with the three P fractionation schemes
I Chang Jackson’ s schame r II  Jiang Gu’ s scheme r III  Suggested scheme r

P 0. 874 6™ Car P 09876 Cas P 09876
AFP 0. %67 8™ Cag P Q0 935 2% AFP 0 960 0°*

Fe P 0. 4059 AFP 0970 Org P 02541

0P 0. 738 4" Fe P 0 3448 Fe P Q2329

Cx P -0.467 oPpP 0 745 8" O-AFP 00337
Cajg P 04851 O FeP 0 659 4*

Cajg P Q1% 0

F (p< O 05),** (p< 0.01)

Note: * means significant correlation (p< 0 05), ** means highly significant correlation (p< 0.01)

5 6 10—13 , , ,
20—23 30—34 3 [14, 19,20]
) Ca2P ,
AP FeP  OlserrP , ( 6) :
W om : OkerrP
, Car P ,
Olserr P ; CarP , AFP s
) I , ,
, NHsF AFP , ,
| NH4F I ,CarP AFP FeP
I 1I , O Fe-P
) Al

5

Table 5 Comparison between CK and lime treatments in P fractions and their bioavailabiliy (mg kg™ !)

Fractionation scheme _ Difference in soil P ArP v or cab
I 10—13 0.21 5.28 10. 74 -0.53 - 0.90
Chang Jackson’ s scheme 20—23 1. 87 5.65 1.27 -0.9 - 1.54
0—3 - 0.70 1.00 9. 47 14. 10 1. 87
Fractonation scbeme _ Diffeence n soil P (ar? AP er or Gar ?
Il 10—13 6.17 0.32 122 3.36 - 4.51 1.68
Jiang Gu” s scheme 20—23 7.18 0.35 2 61 9.21 16.34 -0.93
30—34 0. 88 - 1.37 107 8. 62 8.71 0.54
Fractionation scheme  Difference i soil P CazP AFP Org P Fel O-AFP O FeP Cag P
i 10—13 6.17 4.10 -014 10. 40 - 1.70 3.85 - 006
Suggeded scheme 20—23 7.18 6. 65 215 6.30 - 5.83 3.78 0
30—34 0. 88 0.13 -006 18. 14 10. 59 0.79 0 46

:10—13 20—23 30—34 s
Note: 10—13, 20—23, 30 —34 mean the differences between lime and CK treatments The same as below
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Table 6 Comparson between CK and lime treatments

in P boavailability

P uptake in aerial part

Difference of P in plant \
(% 0.01g pot™ )

P concentration in plant

(%)

Seed yield
(gpot”h)

Dry weight in aerial part
(g pot™ Y

13—10
23—20
34—30

0. 72
0. 45
0. 61

0 03
Q001
Q02

24.24
11.79
12.16

32 03
19 56
2125

1) )

2) Olserr P

, Cag-P R Cag P

AlFP

, AP II

3) ,CarP AFP  FeP
’ OP °

O-P O-AFP  OFeP,0FeP

4) NaClO ,
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DEVELOPMENT OF A NEW PHOSPHORUS FRACTIONATION SCHEME IN ACID SOILS
AND BIOLOGICAL EVALUATION

Lei Hongjun"?  Liu Xin"?  Zhu Duanwei'f
(1 College  Resources and Environment, Huazhong Agriculiuradl University, Wuhan 430070, China)
(2 Nath China Insiitute  Water Consav ancy and Hydroelectric Power, Zhengzhou 450008 China)

Abstract Phosphorous fractionation is a method developed to estimate sizes of readily soil available P pool, and soil P sub-
pools and their ability to replenish the available P pool. Three types of acid soil (laterite red soil, yellow red soil and brown red
soil) , of which the first two were sampled from Yunnan Province and the third one was sampled from Hubei Province, were used
in pot experiment under a rair shelter condition to investigate the effect of lime amendment on P fractions and their bioavailability
by plant of broad bean. A new phosphorus fradionation scheme was developed and used to study P bioavailability in the tested
soils compared with the two typical soil P fractionation schemes, Chang Jackson on acid soil and Jiang Gu on calcareous soils.
The new phosphorus fractionation scheme used a series of sequential extractants, such as 0.25 mol L™ "NaHCO5, 1 h (for CasP),
0. 5mol L™ 'NH,F (pH8.5), 1 h (for AFP), 0.7 mol L™ "NaClO, pH 8. 05, 85 ‘C water bath 30 min (for Org'P), 0. 1 mol L™
NaOH 0. INayCO3, 4 h (for FeP), 1 mol L 'NaOH, 85 C water bath 1 h (for O-AFP),0. 3 mol L 'Nar citrater 0. 5 g Na»$0,4
- 0.5mol L™ 'NaOH, 80 C water bath 15 min (for O-Fe P), 0. 25 mol L™ "H,S0,, 1 h ( for Ca;;P). Results showed that
Cay P, AFP and Fe P were the main available P sources in acid soils. O-P was potentially available phosphorus source, which
ould be subdivided into O- AP and O- Fe-P with the new phosphorus fradionation scheme, and the latter refleded difference be-
tween CK and lime treatment in plant availability. The size of the labile organic fraction was relaively mvariable and could be
transfored into a highly available P source to plant. Further study may be needed on extractant for labile organic phosphorus in
detemining soil P availability in acid soils.

Key words Acid soils; Lime amendment; Phosphorus fractionation; Plant availability



