ek H2W + PR Vol. 42 No.2
2023 4F 4 H CARSOLOGICA SINICA Apr. 2023

WRoAR, BT, 3, A5, R AR A ] R P2 2 - el W BRI [0 o A, 2023, 42(2): 301-310.
DOL: 10.11932/karst2022y26

=in e A [F) R A 2 B + SRRk ) U B R IR

FRAAR Y, BRI, O, AR, BB R RS, s WS
PR, A, RAE, B R WY
(LB AR SRR HFHRELEIRT, - E@ITERF, S & 44K 5410065 2. ) G IFEK SR
BB HRFE, B AR 5410065 3. F BB E R A RG] T BG4 AE], ] 8 T 530021;
4. T BEMRFABESR, ;& &T 530021; 5. F B XA S R B B R R
BRTRIR, T HBENNFELERE, ] 8 44k 541004)

i OE CERBER S IR A 3 AN R L R 2R (e M, SR L FEHL) B2 £ (0~20 cm)
IR 2 L (20~40 cm) K i Ji$ R 8 S BIF 58 X5 42, R Langmuir 5535 W% B 5 72 4005 AS [a] il 3 82 100 0% e
ik, 0 D B A IR B A5 A (Q.) . B TR B AR (K). SR 2% th A i (MBC), 3 5T il 4R 4006 15 21 9 IR B
A% 28 (a)o S5 AR (1) 37 Ml X 5B WO R 23 vy 7 o T R el - 498 9T 3t G V0 5 6 v A0 Wk 32 1)
WIF (<2500 mg-kg ™), B2 £ %18 09 W B R 359 K F % )2 15 (2) Langmuir B8R 7R« TR U6 89 O,
4 961.61 mg-kg ', {H KR A% (0.034 kJ-mol "), K it MBC /]y (171.82); Jic i 22 J2 4 A Bl W Bk 4 D) 55
A I3 A0 5, MBC %K (255.10), 4% HH R IR [l A 358 A 5l O BREARRAE(EL A T 3 2 1005 (3) - Bl o f
T2 N pH P H WRER M o (11.9%) m T HAL I, X2t o lim TEHEZE L, o5
- A RO W TE A DG o R AR B Xl R B R, {EL TR R RE T 55, AR R A Wl T XU 5 5
)2 A N AE 10 b v R ) Rl BRI R R R A KU 4R T T IS R Y BN B BRI, SR KR R SR
AR 73

KIS NE s B W AR bR

RES S X52;X144 CERFRIRED: A

XEHS:1001—4810 (2023) 02—0301—10 FR R (FIRARS) #R12FE (OSID ):

AR A R IYIIE T B GR35 RE T 5 i - SR 1 A

R ) S - S e A 308 1 o e, AN P A 0 RS A
Y E KRB SR o Rz —, e AR BRARBE BRI A, DR LA (4 Ak W — B A7 A il T B

E R E RS RGN E AT RE™ N, THW %o BERMBECRNOCR BIEP I EFRUEY, 1%

SRR B IR FE N e LI - REDKME B IR R PIIB MIE, D wE f

AL 5 L S T B R IR RO RN AT ) W SRR XUR: B e B R

e ZR P KTk A W B [ e AP A ) ] PR 4712 3 08 v TR VA8 R 88 Tl 5 g X

0 35l

il

FEWH: B K A &R 2 I 4 W0 H (41967005, 41603082) 5 )7 P4 A 4R A 2% 3 4 T H (2020 GXNSFBA159029, 2018GXNSFAA281350,
2017GXNSFBA198162, 2017GXNSFBA 198162, 2020GXNSFAA238034); | U it 5 | E A e 2 IR AA T NG RIE 4 4%

H—VEE A X (1995—), B, Wl-LAF50A:, N H 33252158 . E-mail: RongshuC522@163.com
BIRIE(1995—), 2, AR, B TR0, W + 508 T 2658 . E-mail: 121851156@qq.com(PINAEE XS A 584G [R5 5TRik) -

WAETEH: RE(1989—), %, BIHESCIRIN, MEEIREEA 2458, E-mail: 673727393@qq.com,

Wik H I 2021—06—10


mailto:RongshuC522@163.com
mailto:121851156@qq.com
mailto:673727393@qq.com
https://doi.org/10.11932/karst2022y26

302 AR

2023 4E

{14 50 e £ 1) M TR A 2 1o R RIS R A B R 0
BRI, SRS SR Y], TR RS ISR e B S
N, 0 R B R A ) [ R RE T, ELAR I R AR
RE7 g BRI 7 et DR L A L 1
BRI, I WA A IR R T
LB A S A O T i - A
IO 4 A 858 DX 5, S 3 B W 2 ) R D i
AR R SR B B XU AN A 2. 5T
RIS Y A S 38 M AN ] S e DX K A B
B A RFAET, A LR SR AL, 55 0T B 4 % I T
BBV BARAE A, R, T PR e A
BT, DR X2 D A Tl £ A A i
PLEE AT BE 5 A AWFFE BT B AR . AN i
D s, A1) 2 G b R P 5 s AT R S R
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A S b e, SR K E R AR
P Al A 7 Bl ey R 1 KR B B A 1T E T BUA
MK AR SR BN R, AR X TR R B
UL HEAT & B PEAL o AR P A SR )
Ve A RO R Y S AR B R AR SRR D BE,
T 40 4Rk, S AN AR I FFRAE 15 K HRAE A2 3l
T, MR AL B B, KO R AR e, H
K HBTEAL T IV~V BB TR, B HAS ]
i R FH A 7 - S 1% B O A — e I AR, T g i
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ARSI i B TEREAR 2 A1l AN ] A M)
RIS A ST Wi 14 OB R A 82 A SR TR (R 2R S
HEA SRR AR, B AR ASRTE 2R R -
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FHEHE

1 HREXER

FEAR Al b, 57 FHEAR T .0 PU RS 30 km, Hb
5 L 00 iy 02 AT i AT DG MR- Dy 2, MK 5 b
TR H 54 A AN . M2 AR IR 2 R — 1 ¢
AWK A . AR KA MA S & RIEK S RS
FVEE DU R WA . TREEDURUCR 3, M3 A EEMSIIE W)
R, P E RS R — T X
P 2 RSB X, AR SORAE 16.5~20.5 °C, 4F B [T
o 1890.4 mm. MIZRENTE4-9 A, JLLL 6 H
27 AMAIEZ . ARSI M 58 LA K M 11

Do 3, JEBEA 1~4 mh A7 FEAR I P L S
FIHIZEAY . HOKIRA e 2 210 W 832 B s 8 R
e, HGrp K AR A ) AR K BN, S 32 O KUK
(Eichhornia crassipes). = (Phragmites australis) 55
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ZER A B, DFST X 4 ER AR X R . ISl
VI 1 P[] — M5 25T (1 km® Y5 L PN) 19 4 b - b i)
FHZERUVE S RAE A, A A OKFE D) L SR el (G
T ) | S LR e Rt PIATRD) o SRAE T v
3R COFEALCH | S | Fic bib 4 M A RS A, R
2 SR AR AT L4855 3R £ R 2 0~20 cm
FRZ 20~40 cm 19 1385 (2) 7E] 18 Hh IS )8 R A
AT R B R R U AT (A1 FE 2 500 m)
RZIKTE . HREBRH AL AR R, 7oriR
ST B AR T, HEEX TR 2 mm i &
P o SR JH R B AR Ak 43 A k1Y, g {4 1 45
FYSEAR AT (32 1) pH /K1 2.5+ 1 BYHLA
P g 5 M H,SO,-HCIO, T, 438641 L €
5E 5 A R NaHCO, $2 5L, 86T b e il %2 5
AL AL 2 mol L (IERER R 1L 5, FH vario
MACRO cube 4= H 3 TCF 43 A A0 5E 5 38 5 1 (b
Bi . WPk WPKT) F Marlvern Mastersizer 2000 3846k
FE AT AE o
22 XWX

(1) F R B S50 BRI T 4 G 2 mm
i )8 1, B 0.6 g( ZIRFEE ), 25 A A 50 mL &
O, IR B 30 mL & ®B ik (H KH,PO, fit
#)>M 0. 5,10, 25, 50, 100, 200, 300 mg-L "' ( Xt i
250, 500, 1250, 2500, 5000, 10 000, 15 000 mg kg
+3) 1) 0.01 mol-L ™' CaCl, ¥ (/K £k 50 : 1), [H]
I AN AE S R 3 T S5 A7 Lk A VR S
- EXTBE R IR B o B0 A A IR AR G AR v A
(25¢1) °C., 150 r'min ' f450F T4 24 he RG4S
J&, LA 3000 r-min ' B0 10 min, B2, FHARSS
PU L 0 3% D00 e o

(2) SRR S B0y R B S B 5 o, o A% B0
JIA 30 mL A& #EAY 0.01 mol-L™ CaCl, I, [ i
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Table 1 Basic characteristics of soils

THAAIZER  pH

FWE(TP)/mg-kg ' ARHE(AP)/mg-kg ' BANLER(TOC)/g'kg" MA(TN)/gkg " Biki/% ¥rki/% Whki/%

RHERZEL 7.64+0.05 591.93+64.03 63.11£6.79
RERZELT 7374010 389.73+26.09 12.27+1.28
fihRZE L 6.1540.04  223.31+11.05 25.19+5.80
TIWIETE  7.2040.08  345.55+32.31 30.3743.79
KHEFZEL 7754004  407.23+93.01 71.23+5.39
REEZET 6.96+0.22  354.54+82.16 26.52+4.66
TEHIRZE T 7.48+0.18  315.25+86.20 7.95+0.88

35.54+4.55 3.56+0.27 66.42 2745  6.13
13.38+1.75 1.44+0.15 61.23 3653  2.25
20.83+8.15 2.20+0.64 76.50 20.18  3.32
46.57+4.26 4.84+40.55 / / /
16.32+14.35 1.49+1.05 64.96 3127  3.77
10.96+2.29 1.17+0.20 54.62 3027 15.11
7.30+2.31 0.97+0.18 66.11 2922  4.68

T AP RUE PR 22

TN 3o KB LB AERRG S, 7
(25£1)°C. 150 r-min ' FIEMF T I EKIR G 24 he R
595, LA 3000 rrmin ' B0 10 min,  FARERIEEE
K, BN CaCl, ¥ W 2 Finid i 25 1k, B aE R #R
HEOEWEREZ 2, HE R SRR
(5% B X A T AR OE
2.3 WHMERSEHITE

(1) AT Tl P R o -
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0= W)

A O Ry B T S B A B R (mekg s
VR B S0 A B AR R (mL); R R B
T FER BT (2); Co A 1] B0 48 TP in A B VS W 1Y)
WU e B (mg-L); C Sk W BRI 1 8 Y o 11 vk
i3 (mg-Lﬁl)o

(2) A B

0

A T i
(3) HRER RN R
R
W Bt
X o R R (%); i W ey 457 A vk - e
(R WA (mg-kg ); W B 2R 4% ST A v 13 - 9 ol
B B (mg-kg o
(4) Langmuir %5 i 0% B B2 F 5 S () 9 o o
VA B ) T R Ak B - I G R A ST S L I 2
A VR B 0 TR B, K TIN5 SR 0L Y Langmuir
SR B TR

x 100%

x 100%

Langmuir ;R0 A
_Ko,C_Cc_c 1
=Tixc~ 0" 0, " ®a)

A C PP BER M (mg'L); O O 0
BEM B i (mgkg ) K R RAEME B BE T 108 %50 0, h
LR B R A i (mgrkg )

24 HESEAE

R HI SPSS 22 7 47 i £k 460 & 1 AH 5G4 43 BT
Canoco 5.0 #:47 F 1535341, JFFIH Origin 8.5 #E17
YRR,

3 HREHH

3.1 AELMF AT T ERE IR IR M i 2

P 1 AT, ST A R R 2R R X
W B ik A ELAT AR DL A AR A R 3, SRR BN« B 5
S8 Vs RV ) 388, - ST T 1% WG o % T 4 o
(1) o AT At 1) 28 980 - 9 %o W %) 5 o A4
A REAFEZ ST ERL>KARZE L >
REERZE L >FFEZE - >THRIER >R HFEZ L.
W 6 2 D) K A 3 B O+ 7 1 %) A9 s O A SR A
(89.90% ) , 17 At A= b ) FH =2 1) A 458 03] 37 i U
(AW B 2R 250 709%~80% . Fifi 25 398 Hh it o (%) e 75
NN, IR RR R (E 2) . 7E 1250
mg-kg ' BEURINT, T )2 - AW B R B B TR,
EAIE T 50%, 156 B 57c i 2% )23 - 9l 1) A R R B A v
1 2 500 mg-kg ' BEAS IR, 4 32 W FfE R %
&, AR T 50%, i A A 322 1 (0 W B RE 0 i T
Fiei 2 . 78 10 000 mg-kg™ BERIM T, B T 4 b
T2 40, HA T 38 0 30K F 50%, $i A
T E VR 2 A S8 110 Bl 1 VR AR, X Wl 1) 28 i i a5
FEP R BRI (<2 500 mgkg '), T2+
R R FRZL,



304 AR

2023 4E

= KHEELT
9000 , DG R
+Ibiﬂ%§<)§i
8 000 T I e
- 7000 { ‘D‘Zz BEI{:E:[:
) o RPARIE L
%, 6000 S E £
% 5000
iy ]
= 4000
= 3000
& 2000{ ,_~
1000 {42+
o b

50 100 150 200 250
PR /mg - L
B 1 FELHFI AL T HESERRM e O LA/
(S PSPNE(R7%4Pd:0) ) ONED)
Fig. 1 Isothermal adsorption curve of soil phosphorus under
different land use types (Enlarged graph of low P concentrations

is inserted at top left)
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Fig. 2 Soil adsorption rates of the added phosphorus under
different land use types

3.2 AN[ELHF AR T RS IR R M
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BT 7R, ASTa] A i) FH 2 700 A 8 X6 i 0 45 108 2 B el e
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B2 o, 38 H AT R H IR B RN ARBESE T O,
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)2+, BRI R e 5 R e 2R 2 A T HAh
A bR FH 2SR U A el 2 K, i =2 i i 1) T T
i/ KH R IEE — ST W Y e
7, KB BRI - S50 BR 856 1Y) 68 07 B g, 17 fp A
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W B} i 1 4AR 55

MBC Jy TIER R G vh s =, i KIM A &=
(O,) S5 IRE (K) 3R . MBC K, 1B 1311
Gz vhie ) B, BRI AR 2 1B . AN TR bR R 2
RN, 3R MBCERI N : R )ZE + > F %
2 >RMFEZE L =T IR)Z > WK > &
WE2+=>REFRE L. RWEFRZE A RIE A
BRI O (H MBC fiz/)N, 2 BIIX 5 35 BAR g WL B ¢
Z 1k, (H i T 456 Re 0%, A eeds KW iE 17, +
b R Sy KRR o T b3 )2 - BRI PN 2
O, B, EXF 5 A W B i ) Fe i, X R AY 52 nf
eI s, e B I R XU AIG
3.3 AEL:HFARET HEREBEREY

P RT3 RN, Bl 1 fie A ek e o 0 O O ) 3
52 BEBE Tk g o vl YT 38 JEG 6 P A R o ol % o
pi R NITTREIRES Says L TR 2 197 3N IS e N i
W et 55 A IR AR Y, FRAEFE BRI, (H Y
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Table 2 Isothermal adsorption parameters of phosphorus in soils under different land use types

b RS R’ W2 R AE (K /kT-mol ™! KW (Q,) /mg kg ' BRE A (MBC)
RHFRZEL 0.95%* 0.146 1388.89 202.84
RpERZE T 0.97** 0.032 4049.61 129.87
TR ZE L 0.91%* 0.709 359.71 255.10

bEI N it 0.98%* 0.034 4961.61 171.82
A B+ 0.93%* 0.062 2777.78 170.94
RFERZE T 0.93%* 0.119 1923.08 228.83
TR+ 0.93%* 0.086 2325.58 200.40

H: ** P<0.01; MBC = K*Q,,-
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Fig. 3 Isothermal desorption curve of soil phosphorus under
different land use types (The enlarged graph of low P adsorption
capacity is inserted at top left.)

W 3 R y=ax+b F R - e XT 1 () 1 B
LA W 0 G FR, Hh 2R AT 0 b R 2 AR 1) I B
L i Y 5 B IEAHDG (P<<0.05), RER a N HL
W B S A R a, BVARIR R . — A, o (K,
d- ST AN A G2 v RE 2% . 7 B A A i R
RN RIKE> A HRZ L SREFRE L >5
M2+ > T iR)2 + > K HHEZE > EEZE 1,
& BT I I Ve X A IS 119 22 v BB ) e 22, LAl 4 b
FKAIR)Z T XTI Sz vh B 1 458 TIR)Z 1.
3.4 A[ELithF| AR TN 1T MR E =

HRAEAE GBIl SR (3% 4) nl A1, K fH 5 pH. Bik:
B R UG, SRR i B ARG, R
bR By, RS IR, pH AN, WU SR Y
BT RE B . Bk RS 0, HE BFHIEMR, 5

R 3 ARLHF AL T LRI
M ESHERENX R
Table 3 Relationship between P desorption and adsorption by

soil under different land use types

y=ax+b

- b 2 R’
a b

RHFZT 0.079 5.908 0.93*
RERZE L 0.060 6.910 0.95*
T R)= + 0.045 2.627 0.96*

TR 0.119 9.987 0.96*
L=+ 0.028 3.159 0.95%
RERZE T 0.017 15.310 0.92*
JeHIRZ + 0.038 10.522 0.93*

. * P<0.05,

MBC 2B ERAME ., EW e L2 (E 4),
JIT 4 B PR A FE 53 o0 ) RE T 43.1% i 32.2%
(78 S o 98 5 b T 5 1) W BREARAIE O, K T MBC
A AR RZ ), 0T AR RS A A i
FAH I, Uk B - A 0 T R A AR i
BRI R

4 ¥ it

41 AE L F 3BT + 56k a0 TR M R IR AFE

A S P 1 0 R e U R o R e 1 - [
AR AR 0 BE R IR O, 52 M) - S8 X 1R 114 1 Y
3R - S R R A ™, T L A O 2R
M L SR O A O 1 — AN T R R S R AHE
98 R e I 4 BIF A LT, AR R B A T
HA AN TR] 19 82 A At SRR AIE , BROR 32 SR kg X A A
B IR B R AR (5T 2), BRI AR o A Wi I ok J32
T, AR A IR R 2k B W B RE T (18T 1) ¢
H1 Langmuir 25 i W B J7 2 00 25 58 0] 0, B S 3% )2
b, Hor A T7 3, AR 8 2 S BUAR

*® 4 BHRMARRIRSHS TEEBEAERIEX S

Table 4 Correlation between the parameters of P adsorption/desorption and physical-chemical properties of soils

ZH pH S AR AL A Fhki ki kL
K —0.845* -0.525 —0.144 0.043 0.058 0.827* —0.889* —0.249
On 0.619 0.208 0.266 —0.285 —0.330 —0.577 0.821% —0.056
MBC —0.508 —0.388 -0.079 0.177 0.208 0.764 —0.917* -0.122
fift % (a) 0.468 0.518 0.852* 0.124 0.043 0.102 0.189 -0.371

1 * P<0.05,
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Fig. 4 Principal component analysis between parameters of the
P adsorption/desorption and physical-chemical

properties of soils
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A LT A A BB 25 1 BE NS 45 A Bl W BRHOZ A5, P
I 75 i, X S AR P I LR )ZE 1 O,
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2SI RS e o 18 1 M ) 1 A S A R D N
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figp W ok e A R e R 0 0 R AT e A R A
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AL B A R A R TR X £ i
fifp W 22 S 5 - HE PR Fe, ALSAL YA BERK
ZUTUL R A A L R R



Fak Ho2M

PRORAXSE . 5 ANt AN [ e ) P 2 280 - STl 4 A A A it 307

S 3R 0 MR T 5, DR T i
S M 1 L ST R 00 6 PR,
TR AL

5 & i&
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WA 22 vh s AT PR, EL BRSO i R e o X
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JRCUR, TR 5 T b T 7 5 A TR PR B R
FH EE A SR 5 L, A ORI R bl 45 - A 5 XY L8
SR O 5 B R, X AN A W B AR AAIR, [
B REAR T 22 wh 2, I B A Y 52
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Phosphorus adsorption and desorption in soil under different
land use types in karst wetlands

CHEN Rongshu"?, LYU Yuanfei”’, WANG Shan’, HUANG Zuoshui’, CAI Weihao’,
ZHONG Rongrong’, XUAN Lizhen’, YAN Shenyan’, QIN Yingfeng"**,
LIANG Jianhong’, HUANG Huimin', ZHU Jing"’

(1. Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Ministry of Education/Guangxi Normal University, Guilin,
Guangxi 541006, China; 2. College of Environment and Resources, Guangxi Normal University, Guilin, Guangxi 541006, China; 3. Sinopec Marketing
Guangxi Company, Nanning, Guangxi 530021, China; 4. School of Basic Medical Sciences, Guangxi Medical University, Nanning, Guangxi 530021,

China; 5. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR&GZAR, Guilin, Guangxi 541004, China )

Abstract The adsorption and desorption of phosphorus (P) in soil are the main factors controlling the P availability
and leaching risk. Soils in karst wetlands are characterized as being rich in calcium with pH close to neutral. However,
it still lacks a systematic evaluation on the characteristics of P adsorption and desorption in the soil under different land
use types in karst wetlands. Meanwhile, exploring the main influencing factors of P adsorption and desorption can
provide a scientific basis for the prevention and control of surface source pollution in karst wetlands. This study
investigated the characteristics of P adsorption and desorption in surface soils (0-20 cm) and deep soils (20-40 cm)
under different land use types, namely, farmland, orchard and barren land, as well as river sediment in Huixian karst
wetland, Guilin, China. Langmuir adsorption isotherm equation was applied to reveal the maximum P adsorption
capacity (Q,,), energy of adsorption (K) and maximum buffering capacity (MBC). In addition, the desorption rate of
adsorbed P was estimated through curve fitting. The relationship of the indices of P adsorption and desorption and soil

physiochemical features were analyzed to reveal the impact of human activities.
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The results are shown as follows, (1) The barren soils had greater P adsorption rate than the soils from farmland,
orchard and river sediment. The P adsorption rates of deep soils were higher than those of surface soils when the low P
concentration (below 2,500 mg-kg ') was added.

(2) Langmuir equation showed good fits to the curves of soil adsorbed P contents and the corresponding P
concentrations in the equilibrated solution of all soils (R*=0.91-0.98, p<0.01). The characteristics of P adsorption in
soil varied greatly among different land use types. The river sediment had the largest O,, (4,961.61 mg-kg ")) but very
low K, resulting in a relatively low MBC. To the contrary, the surface soil of the barren land had the smallest Q,,
(359.71 mg-kg ') but largest K, leading to the largest MBC among all soils. The indices of P desorption characteristics
of the rice paddy land and orchard soil were in-between of the above two soils.

(3) The P desorption rate of river sediment (11.9%) was higher than those of the other soils. Among all surface
soils, the barren land had the lowest desorption rate (4.5%). The desorption rates of all deep soils were lower than those
of the surface soils, indicating a greater P sequestration capability of the deep soils in karst wetlands.

(4) In terms of the surface soil of farmlands and orchards, Q,, increased by 286.11% and 1,025.80%; K decreased
by 79.41% and 95.49%; desorption increased by 75.56% and 33.33% respectively, compared with the wasteland. This
indicates that anthropogenic tillage raised the phosphorus adsorption sites in the soil. However, the binding energy
between soils and the adsorbed P decreased. Therefore, the adsorbed P did not convert into a stable form. Under high
external P load, it would enter into the phase of fast P desorption. In comparison, even though the river sediment had a
great 0, its K value was the lowest, leading to a small MBC and the greatest P desorption rate. This result indicates
that the weakly bound iron/aluminum-P in the karst soil reduced and released P under anaerobic condition. Even
though the barren soil had a low Q,, value, but its P adsorption and buffering capability was the greatest; therefore, the
potential risk of P leaching was the lowest in this kind of soil.

(5) The Pearson's correlation and principal component analysis (PCA) suggests that the indices of P desorption
(O, K and MBC) were closely correlated with soil texture and pH, suggesting that land use change would affect the
characteristics of P adsorption through changing soil physiochemical features. The P desorption rate was significantly
correlated with soil available P, suggesting that the equilibrium of P desorption is the major control of available P
content of soil. This study concludes that the characteristics of P adsorption and desorption are affected by different
land uses in karst wetlands. The soils of farmland and orchards adsorb great amount of P, but with great potential risk
for P leaching due to the weak retention strength. The barren soil retains P and plays an important role in reducing the
risk for eutrophication owing to a high water connectivity in karst wetlands. The river sediment releases P easily, and

therefore functions as a long-term P source for waterbody eutrophication.

Key words karst wetland, phosphorus, adsorption, desorption, land use
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