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Abstract: Phosphorus is an essential element for plant growth. It is taken up from the soil where it is found in two main
forms, organic phosphorus and inorganic phosphorus. In cultivated soils, inorganic phosphorus is the main form found.
Phosphorus is very active chemically in soils. Mineral phosphorus added to cultivated soils in fertilizer is readily fixed,
which results in low availability of phosphate. Furthermore, the availability of inorganic phosphorus is different in different
inorganic phosphorus fractions. The fractionation of inorganic phosphorus allows us to understand the geochemical behavior
of inorganic phosphorus and measure the potential availability of the soil phosphorus pool. Limestone soils are typical azonal
soils, which are formed from a parent material of carbonate rock and are typically characterized by high concentrations of

calcium. This property strongly influences the geochemical behavior of inorganic phosphorus.To analyze the characteristics of
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soil inorganic phosphorus in areas with different patterns of vegetation recovery in karst rocky areas, and evaluate the
potential capacity of different fractions to provide phosphorus and the roles of organic carbon and calcium in the process of
inorganic phosphorus transformation in karst areas, we studied the characteristics of inorganic phosphorus in these areas by
applying the Jiangbofan method for fractionating inorganic phosphorus. This allowed an investigation of the factors
influencing the transformation of inorganic phosphorus in eight representative types of land. Concentrations of total and
available phosphorus in the soils ranged from 0.25—1.35 g/kg and 1.05—53.01 mg/kg, respectively. Total inorganic
phosphorus contents ranged from 123.94—934.61mg/kg and it was the main form in the study area. The concentrations of
total phosphorus, available phosphorus and inorganic phosphorus fractions showed significant differences between cultivated
land and abandoned land, and also among the abandoned lands. By comparison with secondary Masson pine woodland,
phosphorus concentrations in cultivated lands showed an accumulation process, whereas abandoned lands showed a
consumption process. Phosphorus concentrations in abandoned lands were higher than in secondary Masson pine woodland
and lower than in cultivated land. In abandoned lands, the Peach land and Pepper land had the highest phosphorus
concentrations, followed by Camphor tree land, Cryptomeria land, ruderal land, and scrubland which had the lowest
concentrations of phosphorus. The proportion of inorganic phosphorus to total phosphorus ranged from 51.2%—72.4% in
different soil profiles. Concentrations of inorganic phosphorus fractions followed the order; O-P > Fe-P > Ca-P > Al-P, with
Ca,-P and Al-P providing the highest contribution to available phosphorus, Fe-P providing a lower contribution, and the
contributions of Cag-P, O-P and Ca,,-P being the lowest. Soil organic carbon of different active levels and different calcium
fractions play important roles in the transformation of inorganic phosphorus, whereas pH, bulk density, clay content, water
content, and other soil physical and chemical properties have a lesser impact. TOC, LOC, and DOC were significantly or
very significantly positively correlated with Ca,-P, Al-P, Fe-P, and Ca,-P, significantly negatively correlated with O-P,
and showed no significant correlation with Ca,,-P. Soil total calcium, exchangeable calcium were significantly or very
significantly negatively correlated with Ca,-P, Al-P, Fe-P, and positively correlated with Ca,,-P. Soil pH, bulk density,

clay content, water content showed no significant correlation with fractions of inorganic phosphorus.

Key Words: vegetation restoration ; rocky desertification; inorganic phosphorus fraction; influent factors
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Table 1 Physical and chemical properties in different soil profiles

KE A 2 4 SEAH
mams st ke QO G ARD D e
Nznlb: :l:p::e Layers efm i denisit};/ P carbon/ nitrogen/ nitrogen/  phosphorus/  phosphorus/ ;{y
(g/em?) (g/kg) (¢/kg) (mg/kg) (g/ks) (mg/kg)
| Bt A 0—21 1.22 5.03 22.24 1.51 108.51 1.35 53.01 32.53
AB 21—48 136 5.23 16.85 1.38 100.06 0.64 5.09 28.86
B 48—60 1.38 6.11 8.10 1.32 82.63 0.34 2.65 29.76
] Bt A 0—20 1.18 4.78 22.75 1.80 103.60 1.29 50.34 35.00
AB 21—39 1.18 5.47 14.26 0.94 78.67 0.60 9.08 40.43
40—50 1.34 5.45 5.59 0.55 32.04 0.29 2.42 56.10
Il FERUMSH A 0—21 1.18 4.70 22.22 1.81 102.22 1.06 34.72 30.00
AB 21—41 1.28 478 13.93 1.54 77.74 0.46 4.60 29.04
B 41—58 1.28 6.38 6.91 0.50 46.60 0.30 1.98 22.60
I\ TR M A 0—15 1.16 5.30 23.14 1.74 109.15 0.91 285 29.88
AB 15—36 1.24 5.01 20.74 1.01 96.38 0.65 13.87 25.61
36—53 1.43 5.86 12.74 091 77.13 0.36 1.05 21.34
A Lz A 0—17 1.35 5.31 20.51 1.26 99.15 0.70 12.61 22.41
AB 17—40 1.49 6.21 12.96 1.17 135.28 0.38 3.70 26.73
B 40—60 1.42 6.01 6.24 0.11 22.86 0.21 1.50 21.50
Vi PR A 0—20 1.09 6.95 24.53 1.89 150.71 0.80 8.31 30.72
B 20—46 1.19 6.89 6.70 1.14 54.85 0.28 1.09 24.60
VI PRI A 0—12 111 7.60 27.31 231 174.03 0.52 7.41 18.75
AB 12—24 1.15 7.25 14.90 1.89 124.90 0.35 2.46 31.91
B 24—49 1.15 7.15 7.34 1.47 58.81 0.26 1.58 27.88
Vil bk A 0—13 1.18 4.52 18.17 1.38 92.52 0.28 1.99 32.30
AB 13—40 1.27 5.20 9.07 0.81 69.08 0.25 2.88 31.08
B 40—60 1.30 5.26 4.34 0.53 49.99 0.23 1.52 25.05
L3 JrHr s SR A 2 U 5 AL HLER R 333 mmol/L KMNO, 41k

TERUBE PR T4 RO 8- 25 90 i W e
AHLBRFHT K, S0, 3= 42 B fif 13 ) , TOC 73 Hr 4

M AR R R BN 4 Rl ICP-OES W22, 38
kA5 R FH S R 54012 42 TCP-OES M ™) /K i M 45
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SRR 5 5% FH NaHCO, 1232 -SRBAHT L (0

K H Pearson #H5¢ 2 B0 47 5504 A & 4041, SR H
AR AIHT T V5 53 AT TCAILBE 20 43 Xob 3 2550 o3 ik /)N
Bdnab B 72 5 VR K N A EXCEL ., SPSS16.0 %4 14
SE o
2 BER545H

2.1 RREEBKE T EBER S b
2,11 A[AIRE R A e Al S R o A
&1 ATLUE A 2L 0AE 0.278—
1.351 mg/g JuF N, AB JZ T3 {0 AE 0.252—0.648
mg/g JLEN,B 2 A8 EAE 0.211—0.355 mg/g Z
(] ; - EE R A J= R AEAE 1.99—53.10 mg/kg
Z A, AB 2+ A8 {b 7E 2.46—13.87 mg/kg Z[d], B
JZ AR 1.05—2.65 mg/kg, 45 FE ] i 4 1
SRR 22 S DRI A R
W RANHEA2E 1.073 mg/g, WAUHEA 22 51.91
mg/kg, ARZ M F 27/, BJE LS5 HE
Tt O PR A A RE LR TR 22 1) 25 S e/ DN, A AR B b =2 ]
SRS HAE S 2 R U, AR R HE AR
> AEABUMCHEL > B AR M b > 38 572 0 s > A0 K2 PR i > 38 572
T DA, TSSO 5 15 398 U Ry R PR b > 46 BUBR b, > 455
AR > MRS A b > P58 572 575 1 > P8 e A b

WA T R ANE Al 22 NS0 3 T3R8/, Mkt
£ (20—30a) TIEBERACTIAL, A JZ T IE S
RSy 0.278 1.99 mg/kg, HAEH 1 -y
SN, B LR Y [ RS TE R
FOKF-, 55 R MM A L, ki 2R B B
TR R, LA A BRI R, 2R
ikF] 1.351 mg/g HAHE S & 53.10 mg/kg, HEARHE
ST TEARMHD & T B AR, B AR AR AR A — o B 1 G
PUBEAES A, B AN [R) R 3 it 38 B R #F
HARB IS , S AR AN W R T R, b TR
WERIEFERT B, For SR T B Ay e
2.1.2 AR E TR 5 A R E

Xof 45 B = 38R R 25 TEHLBE A7 40 BT (L3
2) ZERI, L A R RSSO
Y B D R A MO AR, 5 e S
AR AL, TR+ Ca,-P & RAK KON AR
by >R > AE AU b > MRS PR b > 38 550 7 b > 35 55
M ; Cag-P 75 AR URCA « MM HE > AL UM b, > 1% 7
A HbL > P8 578 b > P8 5 E A Ml > A0RZ MR 5 AL-P i
MR < MR b > 48 UK Hb, > R AR b > 1 575 75 i1 > 49
KoMk >TE 2 HE N H s Fe-P & F MK U H - Bh bk > 78
UMb > 158 AR AR L > 49042 PR b > 35 572 50 b > 48 575 08 A
Hiu; O-P 75 i MKV by o Bk AR > 16 BSUBR b > 45 %5 bR b > 490
2R > 8 576 R 1l > 48 S AMIL 5 Ca, o -P B AR ION
R > 16 FEURR HhL > 38 57E B0 1l > 40062 Ak b > 38 57 8 A
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Table 2 Fractions of inorganic phosphorus in different soil profiles

, TCHLE S
ggffi? *]'Jiff +)2 Ca,-P/ Cag-P/ Al-p/ Fe-P/ 0-P/ Ca,y-P/ Toal inorganic
number ‘typﬁg Layes (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) phosphorus/

(mg/kg)

I boisi) A 49.26 16.68 111.95 280.90 388.69 87.13 153.07
AB 6.60 2.39 8.69 136.43 237.29 19.93 28.91

B 2.06 1.25 4.73 50.73 108.80 12.92 16.23

II kAR H A 44.50 9.57 87.65 266.57 381.12 55.17 122.34
AB 6.05 1.56 14.05 122.65 272.54 15.44 23.04

B 2.87 0.87 4.56 53.53 111.84 10.66 14.40

m TEABUBR D, A 18.26 9.56 67.86 259.79 316.40 52.15 79.97
AB 3.92 0.41 10.89 51.77 173.45 24.53 28.87

B 4.58 1.01 4.67 30.27 108.94 13.40 18.99

I\ FE R i A 23.92 4.84 48.79 241.65 304.53 37.86 66.62
AB 11.23 2.04 22.65 155.47 170.55 42.98 56.25
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, . TeHLE
ﬁlfj’ffﬁ? )]:Efgzit += Ca,-P/ Cag-P/ Al-P/ Fe-P/ O-P/ Ca,y-P/ Toal inorganic
umber type; Layes (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) phosphorus/
(mg/kg)
B 5.41 0.92 6.79 59.07 132.92 15.68 22.01
A WAz b A 12.84 2.61 25.77 195.60 197.33 47.14 62.59
AB 5.97 0.92 6.84 61.52 104.95 17.51 24.41
B 2.29 1.73 4.80 49.08 59.86 15.23 19.25
Vi PETSE R A 8.30 3.82 33.75 151.13 179.72 49.06 61.18
B 1.83 0.38 5.52 45.55 102.84 19.43 21.64
VI BN A 5.05 3.50 15.81 109.70 151.06 39.53 48.08
AB 1.82 0.87 8.00 49.11 102.99 15.74 18.44
B 1.86 0.44 2.95 26.51 92.96 9.18 11.48
VI ) SN ) A 4.53 3.13 5.43 46.95 102.81 15.19 22.85
AB 1.81 2.66 4.91 21.33 92.50 14.39 18.86
B 2.88 0.37 4.38 15.95 88.37 11.99 15.24
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Fig.1 The variance of phosphorus in different soil profiles
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Table 3 The path analysis of the inorganic phosphorus and available phosphorus

@ﬁég‘ﬁ xl"y XZH}/ A@*’y X44’y xSHy xG*}y
Path coefficient
x> 0.225 0.010 0.768 0.083 0.027 -0.142
Xy—> 0.205 0.011 0.762 0.079 0.025 -0.147
X3 0.217 0.010 0.796 0.087 0.028 -0.152
X4 0.194 0.009 0.717 0.096 0.029 -0.148
xX5—> 0.197 0.009 0.710 0.089 0.031 -0.132
Xg— 0.192 0.009 0.727 0.085 0.024 -0.167

%y Xy X3 Xy X5 X Y IR Cay-P Cag-P (Al-P Fe-P [O-P Cayo-P R, XML AT 0 HIERRE REL

2.2 SEMAS TCHLEBEIE A L ) R R 4 b
2.2.1 A HLER KAEYEA LGRS R 53 A

H R R T H AR A HLT Y H T 5
FAF, MitEEA MR A AL S, it —
R A HLT T TCHLBE Y 28 Ak i 52 i, AR S
XPRAFE DX A5 T A= AN [R] 3 M A LA 5 AN [RDE &S
TCHLE (7 IO LB S i 1 He A5 2 ) A7 A 5C 20 BT, £h
* 3 [ LUE ISR S A AL A DLk e

HHLEKS Ca,-P Al-P Fe-P 22 [A] & i 2 5l i 2 1E
FXRKR, 5 O-P Z I 24k B &M, 5 Cag-P
Ca,-P Z AR AN, S TE S TCHLBE X
S TTHR BT AT B DX R 453 1T 3 AL-P Ca, -
P X SO ) O R R K, S8 T A S, Fe-P X B K
WO DTRREL /N, T TSR, o 300 Ve A LB B
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K, 5 O-P ZEAMHKHEAH R, ME HHESESE

RGN, 0 2 A8 e PR A5 5 A 1, -3 Ca,-P
Al-P Fe-P JIT (i B LU G4 T B 117 Ca,o-P 14 LU LK
N, Ca,-P AL-PFF &7 0 EL 49 F R, 358 0 (L w68 )
TF%; Fe-P B LU T Bkt T 204 500 8 e b ik g
AR Ca,o-P 1Y BTG I 2 BHAT 38 50 A A0 sl 22 55
P 1) RS BRI A AL, 13 AL i ) i — 2D B AIC,
2.2.3  Hofl A SRR AL B ST

G TTHLBE 5 TCHLBE B 1 L ] 5 e 4 4
PAEPE BT AR DG/ AT 45 R L3 4, nT LLE S TES
TCHLwE L 5 45 pH 255 <0.001 A & 6 %K
T AR DG AN W BR AN B S AR DG A B
FUAN  HABA G 55 . R TERFREIX B R 5%
T 3 B PR 3R S 5 i T AL T A e A Y 32

x4 BRNBESRELH S5 LEBAEREEXSH

Table 4 The relation between the proportion of inorganic phosphorus and soil properties

SRl o001
TeHLBE S/ % ALk AP AHLK A5 SRR KIS EayHy ¥ ﬁ I oK
Inorganin Organic Liable Dissolved Total Exchanged  Dissolved pH Bulk Cle ) Water
phesphorus carbon organic organic calcium calcium calcium density o content

content

carbon carbon

Ca,-P 0.48" 0.34 0.25 -0.54""  -0.54"" -0.17 -0.46" -0.04 0.01 -0.34
Cag-P 0.33 0.35 0.27 -0.39 -0.33 0.26 -0.31 -0.18 0.05 0.12
Al-P 0.70*" 0.65"" 0.63"* -0.35 -0.43" -0.17 -0.29 -0.42" 0.05 0.05
Fe-P 0.65"" 0.56 " 0.51" -0.21 -0.42*° -0.48*  -0.04 -0.02 -0.04 -0.09
0-p -0.76 " -0.71""  -0.67"" 0.23 0.41 0.40 0.10 0.16 0.14 0.01
Cayy-P 0.07 0.27 0.31 048" 0.43* 0.04 0.33 -0.08 -0.54"" 0.35

® % 28 P<0.01, * FIR P<0.05,n=23
3 i

3.1 SIESTOHBE S i T Lo S R
R i BT R RS
JEARF A8 it A A M - 558 rb A3 1 Tl A i P 2 L 32 2
VER e A 7= Fh i AR A e FE VR 8 7= & G T
LA A BRI 5 SR 0 VE R A A A X
Hoane, AR K i B A 5 8 R R
B, 7 R IR KRR 2, 5 —Jr e, AT RE SR
KETG Y, ARSCRR , 5 A R AR HLAR L, B H
R0 S T g 1 I B € o AR | B |
385.7% .2569.9% , v i S0 4 % Fr i 1k # 53.01
me/ kg, HRYFHISCHFTELE R KT — A T3
WS R 7E 20 mgP/kg LA F XS W mis e St ik

b A= R R B KT I 8 R T DA K OF 3R B
JIEL S Y 18— b R % it XS PR 55 1 1T B S — Fh gy,
FHOCH SR I, ma 7 v ™ DXRE )2 7™ e, PLJ2 &
A 3B > 20 mgP/kg (J5 Hb 52 9 K A8 1) Bk > 40
mgP /e (JFT 5 T 14 /KA ) XK AR R85 B 224 i
17 S

XTLTHE Gt 2158 O ER A W+ S O LR 4 o
TPAaE A4S S 2 0, UG R B AR v i) e &0 198 R 21 38
FRRPELHELL O-P R AEH B LSBT, LA Fe-P H
F, HKJE AL-P, T} Ca-P — 5 LR /b AL FE B
B HA A RAE SN B 4255 Ca-P (AR KR4,
— 2y 5 AL MY 60%—70% , Fe-P Fil AL-P %
R WA R B T vh i) A S A TE LB AL o A T
R FZ ORI GENE X A R AT 4
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PO AR bR T 3R LB A DL 0-P S 3 H
N Fe-P, —F 35 83.67%, 1545 4 & W (Ca,-P
Cag-P .Ca,,-P ZF1) 5 11.53%, Al-P & &b H
4.80% , PR X P BEAE R =S RERILA K,
& TEE T T 0-P Fe-P & TCHLBE I 3 1A 17 45
SEEABES mBD, R 5 U ST X T AL (7K HAE ER
BAtE R KL R BB X, AERA
W,

ARG TCHLBEAT R 19 A SCBIF 9 6 B, 76 TR
PES ML+ b ALP B F A RN fEK R+
WK, Fe-P XF /KR S 8B R s 7 6 K
PE+ 4T Ca,-P Cag-P f Al-P Fe-P X YEMHRA A
)RR B 0 A Ok AT 9 3 o AR W R
Ca,-P AL-P X+ HESR AL W 1Y 5T R 3 K, Fe-P DTHRIK
Z . {8 Fe-P (AR & g X & B 808 1E h—
T 2 S W VR X 8 (R v e B BB ) R CEE R, A
KPS BT, BB 1 5 200 3 22 P 7 Ak ) i TR ik
e > R, R BB R 5 R B UE, iR
B, -3 A B R S B T A B R R A
3.2 M EHLEBEIE SRR E

AP S BER AR VR R R R A
BPEWFTE R — D E A, B, ALY EHE S 1
B F AR M HLEE 2 LUR LR Bt A ALY
RERTHE R A HLBSE R A AR TR T
HILBE AR A S A e 2 A 1 9 46 3 A 0 £ 19 v e
Ve ASEE R T PEE 0 s P S N5 Rl A LT AT
DABRHE R B B 7, ik e B B 7 — 7 I S5 8k LR LS
SRR U MBS AR, DA TR O T i B, 50—
J5 T SX SRR B 2 5 58 4 A B [ A Y L M R B 7
AP0 AT U ) Xt 7 2 1 R R 1 5, 48 el A
AR A B o ik 3k B R AR B HLIRR RE VS R+
Berh e AS BB R , TR TR VR Y AR S0GE
XA X H AR R R A PR S A A DLk i
PEA BLER 5 AS R 25 T LB LL 451 =2 [ B 4 DG 6 R F
KR, LIEA VRS Ca,-P Al-P Fe-P S54 5k 2%
AUBEAE S TC P rh ) L o A B 3 sl B 3 AR A OG
M5 O-P MBI 2 W E M AAI X ER, /e S5 A
PUBR I EIR LI G, 5 8 A A DRk 5 % bk
A BB & T 05 A DL, B — i g #% 5)
PRATE 2 B G o e BRI S 5 1
kI B, (AT 45 R R0 A2 sh ik o

(A5 P AT BB 5 45 45 & 258 ( Ca,-P | Cag-P  Cay-P)
Z[BI A AH G AN BH I, 3 7] R 5 BIF 5% IX 45 1 Bk
A 5H — B MR R PRI 4 p 85 3 2L
PSR QR S = W e PN W DA LN IR el a2
KF, BIRES B PG 0 F e R BUIR T Fe
AL S Y KRS s BRI & B R
1 RS I VS RS W A Rl ol £ SN LW A Z N €]
A AT FIAL 45 A A5 0. R A LR X 4%
TEASTOHLEE b BRI 24T Ry 5% ma AL B LA 52 2
EECAE IR 4 B 25 A A Oy T A 1 R R
BERY,

FUIX R B ARRE, RS R E R
PLBEZR 1Y Ak 27 0% Sh PR = AR R, AR5
IR SRR U H R A E i S Ca,-P
Al-P Fe-P 54 3088 G2 AW A0 S TS HL#E v i o5 9 L
151 12 19 2 B M 0 2 A G T S AR LR TR
(1) Cay,-P 42 503 10 IE AH DG G 2R, 26 B & 45 19 Bk 1k
ST i R T M TC ML Y A A R A
I 290 . A OGBS IR 3 B, 498 vp i A Bk TR 5
Ji Ca,-P Al-P Fe-P & i )i />, Cay-P Ca,-P B
I, JeHE Cag-P B E N (BARBIE BoR KB
A5 5 Cag-P 1Y LA AH G A B & 7 HLAF 5 X+
5 Cay-P O iR EHARMR, SRR RROFFSE

4 #ig

(1) AR5 DBk b 5 50 73 1R Bk b 4 B | TR0 | 45
FEASTOHLBE 40 F 38 5 A9 K, 5 0 A T R AL HE A
HbAH LR I B 5 B A 2R PR R R AR b U
TR R WAL, EAS R B 2 B
FKPAAFTE 22 57, Z B B 25 5 B KA T8
M55 Uk A B R A AR 22 [0, AR B Bk AR | AEARUR
B 2 B KO i N AR A N T AZ AR
Mo FEFE IR 2 1B TR

(2) TCHLBE R 0 R AEA IR S 0 TCHLE
H1,0-P Fe-P HZAXHEH K Ca-P AP, EA
FITEAS M TCHLBE 1, Ca,-P | AL-P X SR8 A9 51k %
K,Fe-P TiHk K Z, Cag-P, O-P . Ca,-P 5Tk %
/N

(3) BB A PR | Z) A DLk 3 A Pl
W5 Ca,-P Al-P Fe-P . Ca,-P 2 [A] 5 . 2 o 2 %
IEFEER, 5 0-P Z A2 B & A, 5 Ca,-P
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ZIAFAR G AU, R AL TCHLBE 25 K&
AT L R A R DT TR E R

(4) L HEAEG STHAEES Y Ca,-P SEH R 2 T AH

X, Ca,-P ZEIREFEIEMH, 5 Al-P Fe-P Z[A]
EWEAMG, TSR USRS
A X+ P TCHLBE AL AT o SR A R
I,
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