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Distribution Characteristics and Influencing Factors of Inorganic Phosphorus in
Soil Profiles During Ecological Restoration in Karst Mountain Areas

Cai Xinlin, Shu Yingge, Chen Mengjun
(College of Agriculture, Guizhou University , Guiyang, Guizhou 550025, China)

Abstract: [ Objective] The distribution characteristics of inorganic phosphorus in the soil profile during the
ecological restoration process in the karst plateau canyon of Guizhou Province were studied, in order to provide a
scientific basis for the research and scientific management of soil phosphorus in the ecological restoration
process in karst mountain. [ Methods ] Four types of representative plots (cultivated land, converted cropland
to grassland, barren grassland, and forest-grass intercropping land) were selected in Liancheng Town,
Qinglong County, Guizhou Province, to study the morphological characteristics and influencing factors of soil
inorganic phosphorus. [ Results| The contents of total phosphorus and available phosphorus in four representative
plots were 1. 96~3. 88 g/kg and 1. 16 ~11. 25 mg/kg, respectively. The total amount of inorganic phosphorus
ranged from 591. 39 to 1024. 79 mg/kg, which was manifested as cultivated land™> returning cultivated land
to grassland™> forest-grass intercropping land>> wild grassland. Phosphorus activation coefficient (PAC) in
different soil profiles was much less than 2%. The content of inorganic phosphorus in different forms was

showed as follows; OP > Fe-P > Ca-P > Al-P. All forms of inorganic phosphorus showed a very significant
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positive correlation with fast-acting phosphorus (except OP). Inorganic phosphorus in different forms was

positively correlated with available phosphorus. Different forms of calcium (water-soluble calcium and

exchangeable calcium), as well as pH value and clay content, affected the proportion and conversion of

inorganic phosphorus. [ Conclusion] In the process of ecological restoration, the research area gradually

recovered from cultivated land to grassland, to wild grassland, and to forest and grass intercropping. The

soil physical and chemical properties were improved, and the soil phosphorus content was increased.

Keywords: karst mountain area; vegetation type; soil profile; influencing factors; inorganic phosphorus form
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3.88 g/kg Z 8], FXIME R 2. 93 g/kg; HALHE & 1L
1.16~11. 25 mg/kg Z[H], F¥{H N 4. 58 mg/kg.
R4 T 55 0 S AR e iz )R T 3R, R A
SR W BT A b DX 1 B R e O T R AR
ANHITAE AR A 3t 2 W ST R b b A= 7 A AR ) 3
BHRERZ—,

2.1

#2 FEESEE LR L WA EHQERBUER

o : P ¢ 28 ; A
0—10 6.7440.13" 81.29416.86° 5.3740.09°  377.33463.28"  3.88%0.12° 11.25%3.21°
Hra 10—20 6.7940.14°  74.84419.87* 4.9940.68"  332.65+68.56" 3.73+0.06° 7.96%5.63°
20—HBE4r 6.9340.34°  53,29423.67°  3.85+1.04"  250.73+£40.13>  3.41£0.23" 6.9345, 28"
0—10 6.5840.14° 75.32418.64° 5.6541.91°  415.952117.94° 3.0320.55° 4.2242.74°
Tt HE 10—20 6.7440.17"  66.394£26.02° 4.0741.27"  353.724159.62* 2.7740.60* 2. 9741,52*
20—hkE 7.00420.09° 40,4679, 96°  2.884-0.53°  228.74468.94"  2.1240.24° 1.1640.99"
0—10 6.5840.43° 53.93+18.80° 3.0340.91°  229.39470.13°  2.6940.89° 5.26+4. 44°
B R 10—20 6.7240.34" 49.80419.85" 2.7041.00°  197.93+87.21°  2.3940.90° 3.13+1.94°
20—HRE 6.854£0.39"  44.58419.02°  2.90+1.15"  200.78£104.41° 2.464£0.93" 2.8441.59°
0—10 6.8540.26° 100.87436.37" 6.4142,23*  447.27+175.61° 3.56+1.48" 4.38+1.98"
MREEEHL 10—20 7.0040.21°  73.14+32.39% 4.60+1.97"  344.56+165.04* 3.2141.44* 3.06+2,03°
20—HRE# 7.164£0.16° 31.00%£4.31"  2.81+1.67°  181.40£173.70° 1.96£0.67* 1.7841.52°
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0—10 em )2 +IELBEARAE 2. 69~3. 88 g/kg
TN ,10—20 em + 2 R B AR A 2. 39~3.73
g/kg JEE N .20 em—BE A HHE LB AL fE 1. 96 ~
3.41 g/kgZ [i] 5 4 S A A BE 0—10 em 4 2 AL 1E
4,22~11. 25 mg/kg Z[a],10—20 ecm + Z L 7E
3.06~7.96 mg/kg ZI[A],20 cm—EEAH A ALTE 1. 16~
6.93 mg/kg Z[A], - HEAE AW R 12
TREER B i g/ . RFEAESME R M+ S
OB A 2 S, AR R BN M > AR
V) F bt > 37 7 b > IR R 3 W Ml AR T R
1= IR B R M > K AR b > S R M, A%
+ 35 pH {H A P A R BR PR R 4R > B b
=it B > IR B R, 4 G T L ARk AR
[ AR M > 5 > Bk > 1R BRI L U I AR AR S
P S 3t R 5 X R AE Y B A B T A
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s,
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XA A - HER R 2 1) TC WL i 47 4 bt
(£ 3 G5 R R4 P A SWRE L HEATNZ T L
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FL iR 6. 58 %0 ~11. 96 %6 » ihd B g 107 4 3tb [X TG HIL B 76
ST A G AR, Ca,-P & HEFE 0. 61 ~4. 67

mg/kg Z [A], 75 & JC WL B & & b i o L 8 2
1.13% ;Cas-P 7£ 1. 15~4. 18 mg/kg Z 0], ff (5 L 4]
SEHH 117 % E AR T Ca,-P;Cay,-P 7E 18. 16~
98. 30 mg/kg Z [l . I i b6 K 10. 64 % ~24. 56 % ;
Al-P 7£ 0. 95~ 20. 79 mg/kg Z [6], ff &5 kb il K
0.56%~4. 9% ; Fe-P £ 26. 24 ~122. 59 mg/kg 2
] JIr 5 LS 25 S 26. 36 %0 5 O-P 78 S TS HLBE P BT o5
F A5 S L HE B R 56. 44 ~217. 02 mg/kg Z ], I
Fefil ok 40, 99% ~71. 87% . Hy Al AL AR N AR B AR
KEBIHHEZAUNBEIR Ca,-P, Cay-P, AP 7EHF
¢ X TCAILBE AL 43 v BT o LI, 48 v ol R AR ) 1k
T 12 55 T W% B} % b ok F2 3L 85 IK A0 (Cayo-P) o 725 B X
LB AT ) W ORI FH A 2S5 TR B AT DA 3 v 7 1 A 5 X
O-P & it T DXt 2 05 X 4 38 20 v sl sl il
R A I A

FE A b R AR A 0 M, 25 LB T S S R K
INRE A : O-P>Fe-P>Ca,-p> Al-P>Ca,-P>Cas-
P 76 375 55 M 5 bR 5 8] 4 o p , O-P>Fe-P>Ca,,-P>
Al-P>Cag-P > Ca,-P, W TCHL 8 & i K & #fF b B
s 1024, 79 mg/kg, Hk O 1B Bk ik F L 851. 21
mg/kg FIME[EIME 673. 54 mg/ kg, it HE b 7% 5 F A%
k1 591. 39 mg/kg. JoALBE B 5 2 B R R
I,

3 EHMIBEENHEESESE mg/kg
MR FRERE/ cm Ca,-P Cag-P Cay-P Al-P Fe-P O-P THLBE
0—10 4,6743,06° 4.1842.06° 98.30461.45% 20,7948, 74" 122.59446.61°174. 014170, 11* 424, 53+115. 31°
B 10—20 3.86£2.50°  3.23+1.12° 51.88416.51" 6.6040.33>  66.37+£26.07* 217.024182.70° 348, 96154, 79°
20—BE 20824 1.64°  2.5641.90" 61.72420.20° 5.6940.41"  56.60+£15.90° 121.91431.99* 251, 3044, 96°
0—10 3,442,920 3,71£2.26° 32.12411.27% 9.5947.33"  53.75442.47" 137.27485.41° 239, 87£88. 92"
e B 10—20 2.234+1.53*  2.7641.66" 29.00415.54* 4,7643.55" 56,34434,.10" 85.69437. 20" 180. 78440, 24*
20—BR 1.53%1.14°  1.1540.26" 18.1640.63" 0.9540.61"  26.2411.88° 12271494, 38 170, 74481, 26°
0—10 5.7943.30°  3.2942.39°  47.64428.90" 20.08427.39° 118, 76142, 14" 126, 21481, 58"  321.76+£127. 28"
BEAE 1020 3.8943.35°  2.3840.98" 37.37415.94" 8.9647.62°  77.21430.50° 135.314107.37* 265.124120.19°
20—BE4 2.3742.09°  2.3841.66° 37.36416.90° 6.59+3.51°  74.23433.02° 141404108, 41° 264334123, 24°
0—10 3.40£2.51  4,16+2.29° 33.15413.25% 9.7344.89°  78.84+41.50° 158.914122.45% 288.18+113, 22°
MEEAEH 10—20 2.2041.70°  2.494+1.05° 30.14413.07% 4,9843.34* 58, 30434, 75" 158. 354135, 04 256.451+126, 15%
20—BE 0.6140.43"  2.7241,66  24.4245,91° 2.5743,20° 42,1632, 23" 56.44416.54"  128.91425.15"

B 1 57 & JC WL P 28 7 8] — 4 58 3 1 A [A] )2
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A3 S It U2 VR B Y B 0 U /0N s Cano-P oAb Bk M AY B
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PR/ 5 0 O-P i 76 (4 4 FpAC R 3 b, ) 522 91
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HiZE 4 AT BR O-P 5 3 200k 9 A OGP AR 2 3%
,,\4}‘3@759’1%1%@%’3‘3 UV TR NP SPS
ZLX UL Cay-P.Cag-P,Cay-P, AI-P, Fe-P X 5 5%
R R R 250 K 5 2 AT W TR ] AR W) IR Wi, Cag-Ps
Cayo-P, Al-P. Fe-P 5 8 200k 1) 1 35 AR 5 14 38 3L b

K\%%vljj Fe-P %ﬁ%ﬁ*ﬁiig;cam‘l) lﬁ Ca,-P,

AP ARSCHEAR B3 . BRI USh . Ho A 25 T2 25 L8
ZIEE R F MR R BFEMRCR, ]

uiﬁé@%,Eﬁﬁﬁ“ilxh;ﬁ%iii?é*,ﬂﬁm@i%%ﬁFfFﬁ?‘.Si@
b,,\{mﬁ/TEﬁ%m@éﬁﬁKIﬁUﬁd E’J(ﬁ fii: 153k F|

il st Cap-P ¥ X MUBEA W E R WM., 5 —E0EBAFHT, %5880 IS0 317 48 o
WL & 2Z ], O-P 5 Ca,-P, Cag-P, AI-P #f 5 14% L
X4 EHNBES>SENBEXRHBNEZHERE

il E| Ca,-P Cas-P Cay,-P Al-P Fe-P O-p A

Ca,-P 1

Cas-P 0.193" 1

Ca,,-P 0.002 0.269" " 1

Al-P 0.476" " 0.487" " 0.383"" 1

Fe-P 0.223" 0.291" " 0.128 0.348" " 1

O-P —0.102 —0.138 0.266" " 0.111 —0.194" 1

T R 0.245" " 0.355" " 0.454" " 0.550" " 0.477" 0.092 1

W x ox R p<0.01, » 8 p<<0.05,n=111, Fd,

(7] IR e S8 2 RT3 A0 W9 S D OB A7 e 4 b il R
AR A EAR bR O TR BIOF T X 4 W 5 Ak
22 [ 5 A A X 7 L 3 BB 3 3R 0 Ak R 8K (phos-
phorus activa-tion coefficient, PAC), B ¥ & #§ 5 4=
B =2 o i it AW A A AT . PAC IR
KA PAC=O0Olsen-P/ (£ X1 000) X100 %

A : Olsen-P S #2005 (mg/kg) ;5 2BERALHY g/kg.

SREFBAFRT AR I PAC KT 2. 06 LI A2
oA PAC /N T 2. 00 B 2B & B S
AR MERE AL oy TR A A . N 2 AT LU
WEFEIX N 4 AR PE LA R K A2 R ) PAC Ky
H/NT 200 BRI S X N B A i AR AR L E 2

RS 3 Ak S 1 >4 2= A A IR Y T A i 5 B 4D
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112 IK A R AR 40 F
030 Tl AH B 56 AR RO 2 ), I 5% X S8 ) 3 1 S [R) T 25 /G
025 553 5 A DL IS (796 25 0 8 WL B 6 7T 4 S 2k 49
0450 . L MESTLUEDR, HHELSYE Ca-P &M B 3 1EAHH

§ ois Fs KIEMEES Cag-P B B EIEMH L, 5 Fe-P 2

é ’ &%ﬁ*ﬁ%9§éﬁ‘f§%@5j Ca,-P,Ca;,-P, Al-P %&%
019 A, 5 CagP R B EIEAM ., 5 FeP 2 BEH
0.05 ﬂ HH M, BEFE T 3E455 25 A0 i, o H R A e 1 45 Y 5

0.0 = = :o = = :o = p=s :o = = | ibﬂ’caz’Pacalo’PvAl’P E?I{l‘tt'fﬁﬂ&/i\%zibﬂa
N L éé L gé & éé L é Fe-P LM R
! ! ! ! ! o , bR 5 5
Do 1 s MEFER | OESEE | BIEETCHLEE 5 AL S 5 S 11@;;%
g FRALHE AT 6 40 0T 45 S L% 5. 4 45 EHLRE o
) SRR FAEM A £ PAC T Ca, P AP 55 0. 001 Bk o fk 52 i 2 1A K.
Fe-P 5<C0. 001 mm Zhk & & 5 W & 1 41 ¢ ; Fe-P,
mEHT I X B R AR R AR OPY5 pH 2B F MM, Ca-P 5 pH 24k B &
e BE R AEVE R B AT [ A K e e AR B, ML EA.CEMRXEKRELNL T pHES
. N THE—EE 48 EZ XA L X A K+ F el <C0. 001 mmZhHL & Y252 W LB % 1L .
55 EXNBHRSSBLGS HIEEAMREEXSH
T WL APLB/ e e <C0. 001 mm
SB/Y pH {& (- kg D) K 4 3 et 45 b s
Ca,-P 0.097 0.096 —0.024 0.234" 0.139 —0.549" "
Cag-P 0.291*" 0.156 0.311*" 0.349° " 0.319*" —0.003
Ca,,-P 0.001 0. 150 0.223" 0.199" 0.147 —0.058
Al-P —0. 044 0.177 0.132 0.242" 0.181 —0.355""
Fe-P —0.241" 0. 055 —0.231" —0. 248"~ —0.153 —0.197"
O-P —0.194" 0.221" 0.147 0.05 —0.107 —0.121
3 iﬂL W N EH A KM E P EV#HENTESL CaP Ny
= 3T G5 B X B A BRI 4 L S - B %
3.1 EWESELVBESE Akl REHHE HRXA A BEREAS &, AR X 185 b 6% iR £

TR A R R T A B B R
G SR & - SRR i . RO IX 2 il
£ 1.96~3.88 g/kg Z ], F-XI{E A 2. 93 g/kg; HAL
WA e 1.16~11. 25 mg/kg Z[A], F I {E N 4. 58
mg/kg, WF5EIX NS ARG R L Y
Z ) FH ) SO0 B R ARG . AR SE XN A ) AR S K
S+ 3 PAC ¥ it /N T 290, B 82 I e i F 52
X - 98 4 Bl 5 AL Wl 1 s AL X ) R B L 6 AR 9T IX N
- 5 A AR ME 5% Ak Ry RE AE W) B W ORI ) R AL
WX 5 Es N g R 8, AR,
FEREFE X N () 2B 25 &2 4 3983500 1 b e WL TR 25 LA
O-P N E, K4 & THLBE S &R 40. 99% ~T71. 87%
CE8 2508 52, 72%) s ok o Fe-P, it 4 Fo 47 2
26.36%, Ca-P (Ca,-P, Cag-P § Ca,,-P Z Fl) 24 5
17.95% AP fr i He il fe /N 2 4 2. 97% . X 5
TU A A R — B mifk st sk K A&

R RCh A A KL, LR THBENIES E 57
2 O-P #1 Fe-P, O-P J& 9k 0k 2k e A0 1 ) 9 1 5
AW A7 8] 3 rh SR BB S g . fE
MWK R E B B R A A B Ca,-P, Cag-P,
AL-P FERFGE X TEHLBE 20 43 v e o L 4 A1 38 v
B ol e 2 5 T T B P Ak PR B i AT (Cayo P
A X LA A 0 W SR R B2 S TR s R A TP Y
FFE X O-P & B35 5 » T LAt S 0F 9% X 4 38 24 v il
RO B i AR LA

FEAWFGE 4 B A AR A2 A58 X 8 ) 1 T ML
SEEAE 591, 39~1 024. 79 mg Z i), A [ 2R F AL
WERY B i 7E 128. 91 ~424. 53 mg/kg Z [A], 5 @1
Lk 6. 58 %6 ~11. 96 % » i3 BH s 17 465 b [X. TG ML W 7
ST A B AR . N TE ML B A RO A Bk b B
e 1024, 79 mg/kg, H R O B HF 8 FL b 851, 21
mg/ kg FUMKEL i) /E Hi 673. 54 mg/kg, i &5 H & B 5k
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fik .0 591. 39 mg/kg, #f Hb T AL B 1) L 12 B v 0T BB
ST AN BAETE St I BT 2. RN X TR
(10 A 25 1 55 DX R AR A 1 I G BF 5 DX A 2 i T
TR 52 e A A S A 400 0 AR B 3 LU R MRS B0 g
AP AR TS 2 W A ALIR 7T LR M iR, 5 &R & F
(Bl Ca*" Al 8 Fe' I 2% & W sl B & 9, AT
REAR BH B 7 9 v B3 JF B i JC PL B . A I OE R
HEY — AR Cay-P 2 AR W, 2+ B 1 56
— A3 R IR Cag-P. Fe-P fil AP A5 A1 24 89 47 %%
PR ATAE R VR 0 55 — A S0 U8 5 Cayo-P F O-P 1
RMEARAR  RAE Y RS AEBE R . AT X rp & T WL
W35 B (AR SCHE R B B O-P 55 3 20wk i A1 OC
PEAN 2 A0 AR S 0 TTHLWE Y 5 S A 50 D 3
IEAHR KR . A X P E N TEBE I Z — 1 Cay,-P
5 AR R TE AR OGO R IR IR A IR Y
3.2 FMENBESHELNESE

BEFTE 0 S SR R B 2 R IE TP R R P
BRERMIE R EZ —, X E & A5 %
ANIFBETAE A - € Fe-P, Ca-P & i 22 R EK, B I
UV AE ANWE oY R I+ S A RS 5 )+ K A
TR E . SR A R O S s 2 Bt
e R O R KAk, B ST A N ST R
AN T] = 1 1 5 225 5 ) 4 498 45 2 43 Wl ) 1 AL A T
F AR A A B A AR T 9 2 A T
B3 AT AT E 43 AT A5 R SRS TR A O 2Ok R
REINTTR TSI TR A R 2 NN G A W = S
(7] — B J5T 75 100 B 1Y) A R R 0 DX I AE TR
JITAb 1 A 2SR B BEAR ]

AEFSEP AR S S OP 2R ELHELR,
H5HAESM LB TTAH X R, E4e kD E0 5
& W R =092 P DX 3 I Al v T 3 R AU B S BR A
ML, R S M S0 & AN, X 54
WFGEAHAE o W ke Ll DX ) = 38 b 45 5 1 AR o 5 7 i
fe R - M T T ML 4 b2 0 R A T B e A B SR R
) 4 8 A 5 K VRS SRS S i S Ca-P MR
875 B 3 AR OC s KV A S MBS S Fe-P 2
b 3 mhORR 2 BRAE DG, SR WA B R R (E Y R T R
Hi DX 1 B 0 1 X - TC AL A Y AR A
Fe-P Al AI-P J245 5 Al Fe, Mn FIEATH K & ¥ )
ALY S S EERR . BT v 3 B Mk
B E RIE S EYIENER R R AR
i FEEH AT S % H AR W, IF B
AN TR b XA B i 22 AR K. 6 O KR b AT
Fe-P 58| TCHLBE S0 30% ~40% . Al-P 5 5% ~
10% M AEAL T H X, 57 + 3 & K & . pH S5 [ 52w, 3L

o U BRI . ARWFSE R Fe-P T 4 LL B 2
g 26.36% AP 255 2.97%, BF5EIX 4, Ca,-P, AP
5<0.001 mm Zik S EEWM B FAMHLE . FeP 5<
0.001 mm i it 2 0 AAHC . FeP,O-P 5§ pH
5 UM 56, R 5T X 9 <C0. 001 mm Zh ki 75 &
A pH 3525 52w TCHLBE e 1L

TR

(D) AR LB R 1.96~3.88 g/kg Z
6] SFME N 2. 93 g/kgs HUBHE & AR 1. 16~11. 25
mg/kg Z 0], V¥ {8y 4. 58 meg/kg; ToHL#E & & 7E
591.39~1 024. 79 mg/kg Z[8] , T . #F b > B}
I R b > KR [ A M > 5 M, AN [ A R S A A 4
PAC ¥ /NF 2%,

(2) BFFEIX PN 4 Ff ) 28 25K A 2 Y+ 38 35 i v
THLBEIE S, BL O-P.Fe-P 4 xf AL 3, Hiyk y Ca-
P,AI-P, W% TCHLBEIE & 5 AU M G T R &
B O-P 55 #2000 09 M & R 35 4h , AT S B e bl
W35 55 Rl S A OGS &R

(3) A, KM sSSP & S Cag-
P.Fe-P fl Cag-P B XM, FRX AKRKMET
pH 5 <C0. 001 mm Z KL & &t ¥ 2 52 i o MLk 1
Ak
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