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Methods of soil organic and inorganic phosphorus fractionation in karst areas

CHEN Meng—jun, SHU Ying—ge’, XIAO Sheng—yang

(College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract: The scientific method of soil phosphorous fractionation can accurately determine the pool of phosphorus in each form, analyzing
the rate of contributions about the phosphorus in the form of available phosphorus, it can evaluate the phosphorus supply capacity of soil. In
this study, soils of three land use patterns including grassland, woodland and cultivated field from the karst area of Qinglong County, Gui-
zhou Province were examined using the methods of Jiang—Gu on soil inorganic phosphorus and Bowman—Cole on organic phosphorus, and
Tiessen—Moir soil organic and inorganic phosphorus fractionation to carry out comparison study of soil phosphorous fraction. The results
showed that, under different land use modes, the contents of soil organic and inorganic phosphorus differed significantly. Through compre-
hensive analysis, it was found that there was no significant difference in the content of soil inorganic phosphorus by using the methods of Ji-
ang—Gu and Tiessen—Moir, and the total content of which accounted for total phosphorus was 20.13% and 22.38% respectively. The meth-
ods of Bowman—Cole and Tiessen—Moir were used to determine the organic phosphorus difference in the proportion of total phosphorus in
soil, with the difference between the two as high as 4.99%. However, the total organic phosphorus in soil determined by the Bowman—Cole
method was higher than that by the Tiessen—Moir method. The correlation analysis of soil organic and inorganic phosphorus contents with

available phosphorus content showed that the methods of Jiang—Gu and Bowman—Cole were more representative in the study area. Consider-
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ing the actual quantity of soil organic and inorganic phosphorus and the chemical properties of different forms of phosphorus and their bio-

logical effectiveness comprehensively, this research showed that the Jiang—Gu method on soil inorganic phosphorus fractionation was suit-

able for the study area, whereas the Bowman—Cole method on soil organic phosphorus fractionation was more suitable than the Tiessen—

Moir method.

Keywords: karst area; soil; organic phosphorus; inorganic phosphorus; determination method
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Figure 1 Location map of the study area
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Figure 2 Distribution of the land use types and sampling points in the study area
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Table 1 The basic physical and chemical properties of the experimental soil
s IR - AL X7 G R Bhks
Land use types P Organic matter/g kg™ Total phosphorus/mg-kg™ Available phosphorus/mg - kg™ Clay/%
L Grassland 5.73~7.24 21.53~83.56 662.53~1 882.46 0.15~6.64 28.92~43.92
#htb Cultivated field 4.90~6.91 25.17~81.14 708.99~1 629.97 0.84~13.68 25.00~36.92
FiHs Woodland 4.68~7.16 14.67~136.40 729.10~2 192.43 0.29~7.40 24.92~48.92
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Table 2 Determination of soil inorganic phosphorus content in each plot by method I (mg-kg™)

S(jE :ffm Li g’fj;;ﬁ Car—P Cas—P Cai-P Al-P Fe-P 0-P Total TP
0~10 B Cultivated field  4.49+0.20a  6.08£0.92a  46.24+3.51a  11.38+0.05a 161.44+29.83a 82.95+12.68a 312.57+29.18a
il Grassland 1.840.18b  5.26+1.73a  32.545.10b  6.55+2.60a 119.53+31.83a 58.23+16.25a 223.95+43.71h
s Woodland 137£0.36b  5.90+0.47a 33.61x4.17b  8.41:244a 110.25+26.53a 67.40+26.80a 226.95+19.41h
10~20 B Cultivated field  2.59+0.58a  4.22+0.04a 46.38+17.36a  8.00+1.49a  95.66+21.85a 72.80+18.40a 228.41+33.82a
b Grassland 1.7620.14ab  3.91+2.67a 34.13x6.73a  5.34£2.03a  90.57+21.94a  69.63+16.47a 205.35+36.73a
s Woodland 0.85£0.52b  3.34:0.96a 41.85x16.98a 6.30+2.18a  94.41+28.92a 70.24:34.86a 218.24%39.77a
20~40 B Cultivated field  1.31£0.09a  3.90:0.71a  61.45+22.24a  6.51+0.40a  71.10+30.84a  74.55+18.23a 218.81+44.47a
B4 Grassland 1.0320.68a  2.34:1.00h 43.64x16.56a 4.60+1.44a  85.65:38.81a 63.98+25.74ah 201.23+38.02ab
ot Woodland 0.71£0.52a  2.32+0.47b 36.70£10.06a 531x2.79a  86.43+26.77a  42.58+9.28b  174.06+47.51b
40~60 B4 Grassland 0.59+0.23a  2.49+0.95a 25.71+9.91a  3.8242.19a  59.30+25.88a  58.19+27.57a 150.11+63.69
et Woodland 0.30£0.19a  1.07+0.20a  37.98+6.69a  4.53x1.06a  77.55x23.93a  51.27+6.83a 172.69+35.72a

TE Bl B AR EDE (n=3)  ARIR) 22 JZ AR R 5 s AR P RERORTE 5% K22 R 3% . T IRl

Note: Data in the table are mean+standard deviation (n=3). Different letters in the same layer indicate significant differences among different land use

types at 5% level. The same below.
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Table 3 Determination of soil inorganic phosphorus content in each plot by method I (mg-kg™)

2R Soil depth/em  FIFH /7= Land use types  Resin-Pi ~ NaHCOs—Pi NaOH-Pi D.HCI-Pi C.HCI-Pi Total TP
0~10 Bt Cultivated field — 5.07+#1.08a  10.53+0.32a  140.50+32.24a  35.07+7.87a  99.79+63.86a 290.96+103.64a
Fi M Grassland 3.90+0.70a  10.29+0.71a  148.46+5.02a  8.43+3.90b  42.70+39.69a  213.78+38.37a
M Woodland 4.41£2.09a  8.68+3.81a  138.13+33.34a  18.08+11.55b  131.84+66.65a 301.13+108.04a
10~20 Bt Cultivated field — 4.65+0.62a  5.92+0.40a  84.66+9.98h  21.55+9.18a  74.81+50.60ab  191.59+64.86a
Hi b Grassland 330+0.64a  7.31+0.8la 117.60+10.57ab  7.08+4.04a  40.49+40.44b  175.78+48.16a
M Woodland 3.95+1.58a  6.38+2.87a  120.87+28.78a  16.93+11.92a  150.13+41.67a 298.25+77.45a
20~40 Bt Cultivated field — 3.39+0.58a  6.04+1.40a  71.34+9.20b  17.99+15.64a  65.68+60.53a  164.43+82.02a
FiHh Grassland 2.89+0.45a  7.21+0.93a  106.85+21.70a  6.29+4.75a  32.53+32.97a  155.76+33.66a
M Woodland 2.56+1.4la  5.48+3.02a  106.24+30.44a  13.07+8.24a  97.88+43.58a  225.23+79.20a
40~60 FiHh Grassland 2.28+0.16a  5.25+3.43a  102.76+23.11a  9.4024.22a  47.39+41.68a  167.07+33.16a
s Woodland 1.44+0.81a  5.01¥2.23a  110.17+¢23.19a  14.45+10.12a  164.23+45.17a  295.31+73.85a

®4 ik VWESHFBTEANBESTSE (ng-kg')

Table 4 Determination of soil organic phosphorus content in each plot by method I (mg-kg™)

+ 2R Soil depth/em  FJJH )5 2 Land use types LoP MLOP MROP HROP Total OP
0~10 HEH Cultivated field 6.59+1.24a 377.23+64.27a  313.97429.70a  735.16+103.84a 1432.94+130.94a
O Grassland 7.35+3.74a 209.40+26.19h  168.94+18.88h  356.44+84.63b  742.14+125.55h
MH Woodland 8.86+1.58a 220.56+37.39h  139.11+46.89b  215.86+54.64b  584.38+85.32h
10~20 HEHL Cultivated field 5.2240.57a 224.16+30.80a  290.61+40.89a  634.90+80.89a 1 154.87+72.27a
HH Grassland 6.24+0.41a 186.79+32.42h  149.02+19.53h  326.43+74.99h  668.48+84.62b
MH Woodland 7.14%2.26a 205.72+30.16ab  123.00+44.13b  178.25+35.14b  521.11%61.84b
20~40 HHb Cultivated field 3.73+0.54a 278.22+492.25a  253.90+88.76a  498.25+74.30a 1 034.11£55.60a
B b Grassland 4.28+2.73a 177.52+457.89a  200.63+94.14a  292.58+101.19b  675.01+53.03b
M Woodland 6.75+1.87a 206.11+5.80a 131.72453.32a  169.70+45.92b  514.27+95.10b
40~60 i Grassland 5.31+3.00a 165.95+5.99a 155.69+36.87a  255.45+53.98a  582.39+10.78a
M Woodland 6.14+2.28a 198.34+17.11a  119.66456.10a  157.87+36.22a  482.02+88.06a

®5 AEINESHEBLEANBHEASSE (mg-kg')

Table 5 Determination of soil organic phosphorus content in each plot by method II (mg-kg™)

+ 2R Soil depth/em  FIF 772 Land use types NaHCO;-Po NaOH-Po C.HCI-Po Residual-P Total OP

0~10 b Cultivated field 29.46+3.60a  473.95+102.78a  452.05+74.92a  262.23x51.18a  1217.68272.67a
i Grassland 24.80+7.98a  327.49%27.73ab  86.82+25.90b  231.21#3.18ab  670.32+36.38h

HiHL Woodland 26.89+8.63a 263.37+51.96b  80.93x36.85b  195.43x21.18b  566.62+39.53h
10~20 HFHb Cultivated field 24.62+1.61a 387.51+22.01a  472.76299.48a  282.09£20.36a 1 166.99£95.89a
i Grassland 19.09+0.80a  290.55+50.84ab  83.58+52.21b  236.12+23.51b  629.3352.87h

HiHh Woodland 22.97+6.14a 228.78+58.98b  68.40=13.10b 183.04+3.48¢c  503.19+67.04c

20~40 b Cultivated field 15.38+6.06a 254.87+59.50a  430.25+60.34a  272.97+36.52a  973.47+72.96a
HiHh Grassland 16.58+5.90a 209.44+70.87b  77.36x43.81b  245.41+34.80a  548.79+65.33h

HHth Woodland 21.88+2.47a 253.82+58.04a  83.85#47.29b  201.19+23.03b  560.75+60.46b

40~60 HiHl Grassland 17.9542.79a  325.64+107.87a  134.26+42.44a  205.83+38.33a  683.68+38.20a
HH Woodland 19.338.86a 200.83+10.82a  54.79+11.84a  202.18+15.33a  477.14+107.61a

R TR FIMR Y, 75 B FIMR M ) 22 5 AN B 2% o A B
FERW], T ICHUIERS A HLBELE 7 &5 R e A —
B, (Bt A HLAE R RE S 0 L A ML 2 73 3% H,
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Residual -P A 5 04k 1) i st A AL, S0 35 &
A 22 5 K, 20 9 5 TP Y 33.35% F1122.05% , 3X 7] fE
S R PR 7 VAR AT e B s IR A rh 4G

Fo MAAENENTIELHBEAS =K LG

Table 6 Quantity and proportion of inorganic phosphorus components by two methods

J71 1 Method 1 Car—P Cag—P Cay-P Ca-P Al-pP Fe-P 0-P Total IP
A5 I Range/mg - kg™ 0.26~223 1.44~7.69 18.25~53.65 31.00~71.15 2.10~22.79 32.40~243.09 39.38~122.70 97.28~443.99
S fr i Average content/mg kg™ 1.19 3.65 34.41 45.47 7.76 99.66 62.91 212.44
i 21 1] Proportion of TP/% 0.11 0.35 3.26 431 0.74 9.44 5.96 20.13
753 11 Method 1T Resin—Pi NaHCO:-Pi NaOH-Pi D.HCI-Pi C.HCI-Pi Total IP
A5 1f Range/mg - kg™ 0.98~7.96 1.31~26.22 40.35~237.90 1.45~54.80 16.47~256.44 70.66~559.16
S35 f R Average content/mg kg™ 3.88 9.02 113.61 17.23 92.43 236.17
5 42 L A5 Proportion of TP/% 0.37 0.85 10.77 1.63 8.76 22.38
x7 WMAENENTIEFVBES> S =R LG
Table 7 Quantity and proportion of organic phosphorus components by two methods
J71: T Method 1 LOP MLOP MROP HROP Total OP
5 I Range/mg - kg™ 2.62~12.85 121.92~363.38 77.26~428.38 137.43~755.77 432.11~1 554.04
F-¥ 75 it Average content/mg kg™ 6.30 230.27 193.81 351.84 782.22
7 41 He 9] Proportion of TP/% 0.60 21.82 18.37 33.35 74.13
J775 11 Method 1T NaHCO:-Po NaOH-Po C.HCl-Po Residual-P Total OP
A5 i Range/mg - kg™ 8.84~32.75 145.99~403.49 18.02~669.03 181.21~338.31 422.54~1431.87
4485 i Average content/mg kg™ 21.58 283.18 192.07 232.70 729.54
o5 2 F ] Proportion of TP/% 2.05 26.84 18.20 22.05 69.14
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P BB A7 AE 22 Sk M PT 1 i a kA HLek 22 1 .
T35 1 053 AR J A HLBE 2 43 () 1 Ak 25 il 3%
P 0TI, A ey e W - A AL X R A Ak
PEFZ I () = AR, 25 Enl A, RO 2 4R A P
F14) S PRt 8 B 40 M 13 BH A WLl o) A 0 A R0 7
JrEE, Ok Tkl
2.4 WRMATENE LEREAS SERBMNEX ST

A AR T 1 e AV TR IR RE O .
1 2% 8 I, SR IR 7 i AL Aoy 56
ST 1) FE SR 80, 3K 3] 19% WO 5 3 7K, Horp
J5% T Cay—P Cas—P 5 A BB AHOC R ECH 0.645
0.954, iK B 2 & K-, iX 5 Car—P il Cas—P 2 F 4
HRHER UL A S . Al-P Fe—PCan—P 5H %L
W B AH 56 22 %00 0.893.0.902.,0.518, ik FI|#) 2 % /K
- 9 R I ATE TCHLIEAH 73 H AL-P . Fe—P Hil Cain-P A
TRAE AT SO TR . O—P 54 20 the 3k B S8 35 K
X 5 O-P & —FE A AR UL A Ao T
D5 T S BE FNAR AR B G b 38 Rl 2 E5 5 1 A
AR ARG AR K2R B R — I SRS R A 850
BRI AE — AR Tl 2 AR5 BT

VR 7 DN - A AL 4 5 A58l 1 A O
PEAETER R 22 5, O i T A MLOP A ¢ R £
K, 35 B 2 27K, 38 B 6 AT 2508 1Y) o7 ik e K,
LOPAHKE R Ed /N e HERAREEPIH I, , + 3847 P
44, MLOP J2& - A7 250 iy 3= SR U, [ LOP %
SR, XA R TR R /N, A i MLOP AR
Wi kb 72, A BRI RAEWI S R B SRR rik

LB ZH 5557 S5O 0 A 26 2R ORI A i
A HL#E (NaHCOs—Po) > Hr Fa M A HL#%E (C.HCl-Po) >
T a1 HLEE (Residual-P) > Fp 2855 A L (NaOH -
Po) o LB 4 B0 A 0 25 ot L A 8 g 348 o
T P R 1 A ML AL 43 X R A A A e e
2 1 NaHCOs—Po 55 43 5500 19 AH G 1 3k B 2 3 7K
- X5 TR P R B AR UL TE A A
R H S TS AT HLE 5 A RO I A G R B/, et
A LA R BU A 3 0.507, 548 80 25 A
X%, X Har AR a e A —k.

3 it

(1) = 38 T ALl %) 0 2 SR 0% A1 3 — DI 25 ) 3%
22 BN Bk H Hh A 5, Tiessen—Moir 15 26 31k AR
Mo S R . AN ) A Hb R O 28R R A Bow-
man—Cole 15 5E (1) + 34 ML S 34 5 T Tiessen—
Moir ¥,

(2) W52 DX R FH 1 - i 4 w0 4 i 1) - 3 TC L
W 772 LIS A, Bowman—Cole $2 H (19 3EH L
W 53 2% J7 12 %5 Tiessen—Moir 1 B iG S W 9F X + 8 H
GIRTHIE e

(3) 5 - A RO AR SCVE 2 B e B, WF 9T X 1 8
SR 0 1 o0 5 4] JC ML 73 9% 772 5 Bowman—Cole
A BB S 7 DA T T AR

Sk

(1] PMEEDT, @ dkiz, 058 . IR S 28 SO A WA S vk 5 it e

®8 MMAXENELEAN INBEAS S TEALBNEXRY

Table 8 Correlation coefficient between available phosphorus and inorganic/organic phosphorus components by two methods

Uik GIRiS Moy AADE B Vax GIRiS Moy LB 14
Fractionation method Constituent  Correlation coefficient Fractionation method Constituent  Correlation coefficient
T 2o T — i 45 7 - S T AL 23 4% Ca,-P 0.645%* II : Tiessen—Moir X Hedley Resin—Pi 0.8227%%
NTE s =, YA DY L ke
I s Cas—P 0.954%% AOP RSB TE 1 NaHCO:-Pi 0.914%%
The grading determination method of . Tiessen—Moir further revised ) .
soil inorganic P by Jiang —Gu Caw=P 0.518*x the Hedley phosphorus NaOH-Pi 0.779**
Ca-P 0.551%* grading method D.HCI-Pi 0.867%*
Al-P 0.893%: C.HCI-Pi 0.559%#:*
Fe—P 0.902%: NaHCO;—Po 0.541 %%
0-P 0.742%: NaOH-Po 0.154
Bowman—Cole - 45 MLk 43 2 Il LOP 0.103 C.HCl-Po 0.507#
P
A MLOP 0.751%% Residual—P 0.276
The grading determination method
of soil organic P by Bowman—Cole MROP 0.268
HROP 0.374

TE IR E 5% K ERISEIE R, RN 1% K- EATSRYER .35 (n=26)

Notes : * indicates that the correlation is significant at the 5% level,, ** indicates that the correlation is extremely significant at the 1% level (n=26).
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