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FEE 50 A IR DR 0 T 245 1 20 A U, RO WA 0 (1 L P T 22 P SR B Few AL Min Al Ca ¥R J& X ol T 2465
I) AR FISZIE , RN B AR DUAR ) P9 VR B A A FE AR ML B B (I S 5 o RV B TR N 1 IR b Py 5T
g Hh % 6 MR s, SR FRIR TR A R AL 25 R AR B A 51020 om BA B AT AR b o B2 A 3% 82 93 SR HL 3
BT TV IORR A TO AU T A5 75 KT R0 3R B 7 In) 1R 25 8] S e, 18 7 B HR A TSRS 6 R 70 3Kk JE S i
VIR SE R T %o TE AL T A4S 25 8] 2 S IR RS o 45 SR 3R W< (1) YEE VAR N S VT 11 98 b 0 AR 4 A TE AL B (TTP) 5 1 AR 1L
Y6 A 1 360.24~2 093.66 mg/kg, Fo PR i A 5 (RP) & B i =1 » 1o HL 62.94%~85.18% , /40 45 & 45 1 (Fe/ AL-P) Fl4T
SE LA (Ca-P) & HE 20 51 9 9.37%~25.97% F10.54%~11.42% , 7] A8 #7245 W (EP) MK ¥ A 85 (DP) & B J AKX, & b2y
54 0.94%~3.91% F10.22%~0.65% ; (2) 7K V- J7 1] 1= TIP F1 85 FE 255 e A 38 S B0 /K IR 7 1) 328 07 O ) R
FoH TIPVEPFe/Al-P Fl Ca-P 7E i 10 B 5 & iy T W b P9 35, 3 B J5 ) b DP.EP.Fe/Al-P MIRP ZETERE &R,
BEVR BN 2 T %, Ca-P & BERBERL, £ H 2R R E 58, Q)W RIS 48 & B R AR Mo 4 B &2
A FHE(P<0.05) I AR R A 1 (12.7%) » 1T $REBUAS Al Mn 25 B pH A ORP X 8- FF 25 20 A1 (1) 5 Wi o B b s o 116 184 o
TG, T AT R EUAS Ca & Bt Ca-P (1500 BE AR 5 (118 N i U 55 -

KRR YU BRI AS s PR IUS &R o 2 s 300 L M 5 VLI

FESERES X522  XEEEE:A  XERS:1674-3075(2022)06-0001-10

AT A S RIS AS TR Gy Ju B KR A

VORI TN I 25 S FL 2 i R 2 AT 97T 22 4R vh A2 30
PRI, A 5 VE I AN 3T 5 U ek O A2 405

PER 7 (P54, 2015) . IR AZ B 1) 32 BAZAE 37 P
(B 555, 2020), BEATAE A7 8 AR 78 KAR IR 8%
WATE— BB AR AE VR B R ik R L7
IKAR A O R 4155, 2019) . 31 4 SR B 25 A5 B 4 N\ By
8 T BE IR, DURR A PN D Bl 1R RE TBURR R AK AR T IS
P EERIE . DU A RS EHLE A
SR A S AR SN TR R b KRR TR RE D = SR
(CEHSE,2008). HIMG, 7 TEMLBE T2 73 A R AL A2
LR VP R A R ORI T R il %of 08 v 7K A
M EEFRpa B A EER L.

£ Sui 55(1999) B 5¢ 1, PUAR A A 8 R TG B
(IP)FIAT HLIE (OP) I #4840 4L R, T TP 29 /K IR A5
(DP). 7] A2 3 25 1 (EP)  2h/40 &5 & A& 1 (Fe/A1-P) . 5
LEA B (Ca—P) TR IE S ERP). HAT, B AT

WS EHE:2021-09-07  f&E H#F:2022-10-15

E&TH: BHX B AR %4 T H (22066023, 41663016,
31660139).
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ISR (7%, 1985 454, 53, 1 PRI, 35 38 A 305 Yo ar
BiAT N 515 YA EEF 9T . E-mail: houlei_1985@126.com

2019; Malmaeus et al, 2012; Sudha et al, 2013; £
55,2021 XKL, 2016). VIR LML S0 A
b5 XA B A KA E R 55, 2021), 38 2 PTAR P 1)
pH(X WK HESE , 2016) - A 414 Ji7 HEL A7 (ORP)(Malmaeus
et al, 2012; XI| Wk # %5 , 2016)+ 7 H1 i (Sudha et al,
2013; #B & 4155, 2019) & J8 o R & &= (U K i 55
2016; Sudha et al, 2013) #4363l T L O 2 4055,
2019)%5F K 52 .

A EBRTRYHS S EEER TRKILH T
WA (RS, 2015), UR MO A 772 o T2 A BT 3k
= PN DU e o w7 Y I w12 O R B BT L 3
SCHERUR B S5 Y R A A 5 2020), ] 7K AR
Tl 100 IR B v o e DR I VIR R 2 R R B K R R
ZES R E RIE DN K R AR A T
FUSFE T R 5 H A AR FE X AR (Craf et al, 2018; F-#
JG»2019), JE L ITAR A AR A 1R 25 (8] 43 S A B R
Wi K] 25 P BE AR AN (], SR AR SC Bt 70 6 DLk . b 4h,
TEGURII R B 5 1) L, LUK A RUBE (R AR 53 IR 1
AT REB BN, 1T S PUAR D W T 2 (0 2 (R 1T A 4
UL FR(EIESE,2018) o BRESF(2013)HF 7R, YA
MR )Z 2 con WA SRZL R BEREHON 5, HB i B AL I
—FRAE 5~15 cm IR E KA AT
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(RIS, DR N BT ) A R0 1 I 7% 3% A 1T A2
AR TRL B SR SCHF

1 #R57E%

1.1 HREXEHR

FEHR IR R R R i, TR
TN HRREAHBFERNS A0 A, F 7
KRN 15.6C(EF LS ,2016). F VT & H AL
FENILZ — 29 5 R K 2 1 13%(E 553
25,2016, VEHREAL IR & HROl AN FR AR M R 2 EE AR
VT VB T e (42 JE A, 20200 N BEAG_E TR
TR K IR B 175 G AR, SR A B 3 IR v B 7R
S A THR I, 75 THHE N5 1T, T 2000 45 5 H 2 5l 2 i
YL R A . 20t )8 T R inir B R ESE AR
Hiy, 7 TR 48.47 hm?2(JL Hh oK AR 44.47 hm?) s i@
i AT SR EH B 3R UK IR A = T N R
TV BRI Y R M Y b P R 1
R IR R R AT IR L B S RE KR A, KU
HE S IR K AR, SR AL A TR IR R A
PUKMEYI(E M35, 2015 FRBEFA %, 2019; 2 3 ik
2 ,2020) .

1.2 HRARE

KRBT 2019 4F 7 A AT, X BB A O
(LSJ5.LSJ6) ¥ Hb Py 3 (LSJ2 . LSJ3 . LSJ4) Al i Hh
I LSTD)6 AN FE AL 1), SR AT s A TG W X 10 3 4
YR T . KRRV R &8 KBTI A
20 em PL_ERUTRAERE G, A VLS E K A b
7 7K B JEOIR T AR % 3 5l [ S8 = S 2k Ak B
AorHT .

1.3 MWEFZ*

1.3.1 Kmdatr FHAMEE X2 SHOK s
4 HI 98194 , 5 KA I3z 7€ & FF i 8 KK B4
b, B35 7K IR (T)« pH. 3 iR %0 (DO) S8 Ak ik 5L H A7
(ORP)HILE A R VEE 14(TDS) .

15 FHAA MLIBE K BT RAT 38 70 Al AE B RUCR B
JEE PR K, R ERAORAE JE a8 [n] S 2, W E KRR
SR (TP) WA AR S (DTP)AN IE R £ (Ortho—P)i
FE , DRAF A 58 77 V535 KA 7K B 43 B 7 3%
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Fig.1 Location of the sampling sites

in Luoshijiang wetland

1.3.2 WRHBE AT FEKE, LT em
(] B 73 25 0~12 cm [ UTRRAAE o A8 (58 485 XK
2 Z AN € & JZ TR PIEE & (1) ORP(mV) A pHAHE -
FERZ AU T4 B 1 2 mm G A FE 5 4947 T E &t
h &M . RIAGN RS TURYIPE T % 25 3 ) AR
PRRHE, L4 e A BALIGITRR IR 73 R )2 (0~4 cm).
HZ(4~8 cm)FJEZ(8~12 cm).

DU it TEA LB T 385 23 M SR FH e 28 40 A0 HR Y
%:(Sui et al, 1999) , AR 7K F R 7K W5 I 40 Bt 771 (G
VYRR (2R SR B3 AR 3 5 JR) 5 2002) i 5 1% 45 S B -
TE RORHE W IR R ER IR B, v B TR K
A5 (DP). 1] A2 #: 45 (BP) /40 45 & 45 (Fe/ A1-P) . 75 45
A 45 (Ca—P) F1 5% 78 25 (RP) 3 T2 25 & &, [A) 1 A A
ICP-OES(Z 446 710, 3 [H) Ml :& Fe/Al-P 4 B
1) Fe ALFI Mn ¥ 5 , DL} Ca—P $EHUR 1 (1) Ca ¥l
HrtE AT S AT RIS SR S . B
iz 20% HIFE i 2 P47 .

1.4 ZitsiR

EL N PARLTS: VTR AL Ee S W IR 51 N el 1 i}
& 1 22145 F Surfer 2015 ¥4 , T4 73 1 (Redundan-
cy analysis, RDA){# | Canoco 5 # {1, R K%
#1148 F Origin 2018 #1:» % 2 1 25 5 73 #7 (Duncan
22 F R 6 )RR 9% 1 20 T (Pearson XU 2 25 AH e 1 EL
)i SPSS 26 # A .

2 FHRE5HM

6 N RAE R LB ACOKFHE R E S R WK 1. I
R ity 147 S0 HE R o v A 2 T S (B 220 < 5%
2.1 R4 pHF1 ORP

FFE RLUCRY) pH R ORP 78 4k 11 G 1] 2A Al
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2B. UUARYI pH A BN D2 DL R E E 5
(P>0.05), “F- {E F B AR H Y F8 T N AT B A7
B % 5 pH B 40 T 59 B Va L, P E IR T |
BK. FFES IR ORP N HE(—290~-50 mV),
AR T 7 K s R Hb P A A (LSI2 A LST3) 2 K
T N4 B (P<0.05) .

LR %) pH A1 ORP 1F T H J7 "] L ) 4% 16 Mt
A E 2Cc f1E 2D, pH MWK 2 B E 2 T B & %
5 (P>0.05) , 1l ORP M B £ I8 FE (1 38 hn 2 2 A &
(P<0.05)
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Tab.1 Overlying water quality at each sampling
site in Luoshijiang wetland

EELD LSJ1  LSJ;2 LSJ3 LS4 LSI5 LSI6
pH 7.14 7.3 7.31 7.16 7.05  7.08
DO/mg-L"! 2.49 256 287 276 243 294
ORP/mV 1412 1624 913 63.1 1716 822
T/°C 2531 2537 26.02 24.86 2446 2525
TDS/mg-L"! 654 692 542 942 1126 2183
TP/mg-L"! 0.140  0.152  0.124 0.120 0.116 0.140
DTP/mg-L'  0.098  0.096 0.094 0.098 0.092 0.090
Ortho-P/mg-L""  0.085  0.075 0.081 0.083  0.077 0.066
o @ .
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Fig.2 Variation of pH and ORP in sediment profiles of Luoshijiang wetland

22 HRYARESEETE

ARG Fe M AL E114105.43~3 744.28 mg/kg
12 164.09~5 194.67 mg/kg, & LSI2 ¥ g3 Ak, AT HE I
Fe Fl Al B AE T ZEURZ IR FE(E . FTHEHGES Mn &
BEIEAMIT R RAK, WEhR K, N0.71~64.37 mg/kg,
FE o, T M R nTHREGE Ca B 27
A TP T TR, 914 817.75~235 372.22 mg/kg, [F]—
FE TR AR AR FE AR S8 80, Sk 2R E R
TIRZRE.

AR T EEEE, K mT B EUES Mn 3 2= 9K 100 i
Ca & B4/ 100 1% , B I VLIg &4 A TR 4 Ff

ATPRINAS & @ e 3R o i T ) AR IS Bl an 1 3.

2.3 RIS ZES S

231 KFopRAE PRILBHITRY H RS
TR R 4.

TIP % & 8 Bl N 1 360.24~2 093.66 mg/kg.
HAPRP NEEILE, 5 62.4%~85.18%; Fe/Al-P
Ca-P 5 L %3 531 N 9.37%~25.97% F1 0.54%~11.42%:;
EP & EK, 5 EE 0.94%~3.91%:; i DP & B AK, &
ELAN 0.22%~0.65%. TIP Fl% T A& & i Bk B3
I KL T W PR A& S, DP & &k NIt
J 3% N %, EPFe/Al-P.Ca—P Fl TIP 7E i} L1 47 B &
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Fig.3 Vertical distribution of extractable Fe, Al, Mn and Ca contents in sediment profiles
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2%,
232 EHHpAAE FRILEBHITMA
A A 5.
TIPEWHERXREE LRI, FEFIE
(1 733.83+54.74) mg/kg . FHIR L IH N, TIP 5 & &
2 PGP EARE S 290N 579.47+24.78) mg/kg
(1 544.78+45.75) mg/kgo 1 LSI2 FILSI5 £ ri K B

T

R, KZ TIP & ERE . IBUTRY AL
T 4 A= 0 R FH IR ME 5 2 B M Bl s & T DR ) i
KL 2 T ) DP A 12 B85 (X wk #6455 , 2016) , 1M1 7E 3%
17 91 B8 - B AN 2 A8 Ji H A7 56 S AR 78 A
AJ RERE LA EP AT Fe/A1-P VAN 8 76 3 14 9 () 38 AR
%, 2019; 38 % %5, 2015), A 5 52 30 55 A5 52 1)
Ca~—P 1 RP | V3 N\ VB 0l Wk 6 55, 2016) . 5 1%
e REEE AN LEEER, SRTHTEN
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Fig.4 Horizontal distribution of contents for different phosphorus fractions in sediments

1.96~29.13 mg/kg. EP Al Fe/Al-P 2 i ¥ 7F % 1 i
BHERZVIRY E &, & &5 01K (44.90£4.78) F
(318.02+39.07) mg/kg » B I8 138 A0, V8 15 77 14
o B R E BRARLSI2 FE SRR AN, R EFRZE TR
EP & & 53\ 1N (32.5+3.32) 1(30.7622.00) mg/kg , 1fii
Fe/Al-P % & W 43 7 4 (249.83+18.70) il (243.96+
30.09) mg/kg. TEMEBEHH Ca-P & BT EMNIKZ
A, B BE TR B A B 0T 2 B, AR R P AR
=& &2 N (75.8749.10). (82.85+7.18) F1(97.43+
11.69) mg/kg. RP7E X =& &, & & J (1 288.92+
23.94) mg/kg, BEIRFE IR N RP & &8 2 3 PR, fE 2
AR JZ & &4 58 208.89+39.33) F1 (1 166.46+
27.22) mg/kg.
2.4 R EBESSHERTFHEEES T
X T T 3 Bt (AP 34D {8 R 76 & Vegan B
[’ decorana R E i 45 , 45 2R W 7R Axis lengths B 3 A&
I 4, AT TR B T LSS, 2010). RS S
WER TR ERnE 6. 5—ME _HF
MBS ERER T XA RERMEEA

89.55%. S¢HFRISKLIG 25 BN, AT HE S M. Ca.
Fe Fll Al 7 & BB % A 250 il B2 1 T2 75 LA (P<0.05) , fif
FERAR KN 12.7%.8.9%. 6% F1 4.5%. Al 5 &BEEA
(B RP 4} 3  TEAH JE K % , Mn 5 EP #i Fe/Al-P 1E
FIE, Ca 5 & WIS (% RP M) 77FH 56 , EP F1 Fe/Al-P
IEFHK

DRI AS & B 5 AT $2 IS Feu ALLMn 1 Ca 75
& .pHH /& ORP A6 REHL R AR Z 92K 5
ot iRk 2. NREZKE, SR SBHIEAR
FARRZRILE T A FERE : TS Al S &= 5 EP I
Fe/Al=P IFEAHIR IR 28 0 . 25 P B R P52 () 165 0 1T 184 i, AH
5K Z B K, U ALK Fe/A1-P 57 Bk A4 1) 4 B
TR 50 s AT RS Mn & 5 Fe/AlI-PE R 2
FEJZ 18 B AR5 IEAHSR(P<0.01), (HLE H Z AR SPEAS
B3 HRELS Ca B 5 Ca—P [ SUSEEREIRE 1
DRSS : pH 5 EP A1 Fe/ A1-P [ 7R 5% 11 B8 7R 52 1)
8 i34 1 K s ORP 5 EP Fll Fe/Al-P I AH %1 i 2
2 % B2 UM 92 (P<0.0) 38 N T R E I B3 1E
FHE(P<0.01) .
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3.1 RMIMARYIAREEFA A mEER

B R A pH S B TE AKCE 5 ) B3R
BN A B KT N DA A2 B, T RE S
H A A M P B B 2 v A K, DUKAE O & 4 R
FEIRMRAS I CO,, 3 B H MR A%, pH 3G R (B 5
2015). % mifir pH P IE T B K, 5B
DRI 7T 45 B (R4S, 2018)— 5. #4lE ORP ${H

Vertical distribution of contents for different phosphorus fractions in sediment profiles

v0 BBl 5 YRR A Uk s LA A I (] ) 9% ZR AT AT (Ver-
shinin et al, 1999), % #F s UTAR A 40 T30 AR ES , 7
T TR AL T2 VR AR i HI X . TE S
) b, RZ VIR ORP & # m TR 2, iTE 5K EVT
YA NLTS a0 AU FEE, RIS
Y) ORP(EF47%,2016; £55%%,2019).

A HEELAS Fe AL Mn & 8252 AR IE3) KAl R
FERC , Horh Fe F1 Mn 5 &0 5 B B R A 6
Gr4EmREE, 2013 ; E#5,2017). (A, B 550 E HE 1)
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Fig.6 Redundancy analysis of phosphorus fractions

and environmental factors

&2 MRYR. PHREHESEES Fe .AlLMn.Ca.pH
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Tab. 2 Correlation between phosphorus fractions
and Al, Fe, Mn, Ca, pH and ORP in the surface,

middle and bottom layer of sediments

Nt
”};’é@ @A Fe Al Mn  Ca  pH  ORP
DP  -0.415" 0.057 -0.174 -0356 0.408° -0.105
EP  -0.425° 0.099 0.497° 0.056 0.080 -0.563
RIZ pUALP 0211 0175 0.540° 0,000 -0.108 -0.680
(0~4 cm)
Ca-P -0.127 0.088 -0.163 -0.796™ 0.133  0.021
RP  0.195 -0212 -0.321 -0.406" -0.302 0.043
DP  -0230 0.033 0.159 -0275 0.128 0.098
EP  -0323 0317 0234 -0427° 0070 0.116
T2 E/ALP -0.101 0483° 0298 -0.620 0.186 0237
(4~8 cm)
CaP -0.100 0.148 0.444" -0.703" -0.410° 0.387
RP  0.001 -0.426" -0.353 0.110 0.002 0.156
DP  0.190 -0.104 0357 0.017 -0.093 0.124
EP 0326 0513° 0.532" -0374 -0.415" 0.684"
RIZ  Re/ALP 0306 0.544™ 0529 0417 -0498° 0.682"
(8~12 cm)

Ca-P 0326 -0.103 0.072 -0.366 0.148 0.159
RP  0.440" 0373 0.599™ 0269 -0.153 0.074
VE A2 I R IR AE P<0.05 Al P<0.01 7K F T 35 A1 56, W2

Note: * and ** represent significant correlations at the level of
0.05 and 0.01 for two-tailed test.

IKEN 775 Hb 5 BRI | - R Y R R At 2 B 4
JEILE S EEMES,2016). BTG b a]
FE B Fe  ALFI Mn & &, JCH /& Mn B8 5 80 2 )

T A S ER) N DRI IR BT S R A Bt T e R R
TER
3.2 RHTTARYIBES LK R & L 4FE

P VTR M A W TIP A B AR Ak Vu A
1 360.24~2 093.66 mg/kg . M N5 K 2 Kk 4
DU R R AR S B e R, DR R B (TP)
& &2/ T 600 mg/kg N % 4K F, 600~2 000 mg/kg
NS G KT, KT 2 000 mg/kg A E JE TS K
“F (Persaud et al, 1993) , %' i V1 {2 4 370 A2 47 B o Ak
b B S e KT BL B T N 1A B AT
15 G oK P, ¥5 Y R B O T Ak T TS KR )
IR~ SR8 I I 20 B T v 33 A A Ak 9 (X1 Ak
&, 2021).

PHTIEH RP N E BB S, 5 TIP & &1
62.4%~85.18%; L /N Fe/Al-P Fll Ca—P, 43 5l 15 TIP
BB 9.37%~25.97% F1 0.54%~11.42%. & B 5
TR FE SR M TR Y o RPN E R A, & TIP
TR M 51.03%(5K K EE 5E, 2021) , 5 A 5T R LR
AL 2 I YT IR MO URR 4 Fe/A1-P F Ca—P 5 EL 5 H
Al AT IR AN VE DUARAG, A B ] = A I b
(BE 5] 55, 2021) FIT A 12 VAT (X1 WK 6 55 , 2016) YT FLA) LA
Ca-P Jy &, 43 5l o5 TIP & & 1 47.03%~94.57% Al
36.08%~62.41%, fL H i (Ja) AR, 2019)JTAR P A 5
TIP & & 58.74% ] Fe—P N , iIX ¥4 72 S5 ] GE 5 TN
YRR SRR 2% 1 55 R 3R 1 22 = A Ok () T AR SE
2019). Fe/Al-P [ 3 2R & T AETETG K, D
g3 K B ARV TH RS G (FK LB 4, 2021) s A AHRIT)
A2 5T K o 5 B T K KRB A B 1) Ca* I i
P TR R T2 M T M 1) 4 TR 3R DUV (Rl AR ZE
2019). TR AMNIE TS B BT iE 77 BE
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Effects of Environmental Factors on the Spatial Distribution of Phosphorus
Fractions in the Estuarine Wetland Sediments of Erhai Lake

CHEN Ting, LIANG Qi-bin, WANG Yan-xia, HOU Lei

(College of Ecology and Environment, Southwest Forestry University, Kunming 650224, P.R. China)

Abstract : We investigated the Luoshijiang River wetland, located upstream of Erhai Lake, and ana-
lyzed the horizontal and vertical distribution of inorganic phosphorus fractions in the wetland sedi-
ments. Additionally, we examined the effects of environmental factors, including physicochemical
indicators and concentrations of extractable metal elements on the spatial distribution of phosphorus
fractions. The aim was to provide data to better understand the migration and release of endogenous
phosphorus from the sediments. In July 2019, sediment samples were collected at six sites, represent-
ing the wetland entrance, interior and exit. The continuous stepwise extraction method was used to
determine the different fractions of inorganic phosphorus in wetland sediments. The overlying water
was also collected for determination of physiochemical parameters. Results show that: (1) The range
of total inorganic phosphorus (TIP) in the sediments was 1 360.24—-2 093.66 mg/kg, and residual phos-
phorus (RP) was highest (62.94% — 85.18%). The content of iron/aluminum combined phosphorus
(Fe/Al-P) and calcium combined phosphorus (Ca—P) accounted, respectively, for 9.37%—-25.97% and
0.54%—11.42% of the total TIP. The content of exchangeable phosphorus (EP) and water—soluble
phosphorus (DP) were lowest, accounting, respectively, for 0.94%-3.91% and 0.22%—0.65% of the
total TIP content. (2) Horizontally, the contents of TIP and various phosphorus fractions trended
downward along the direction of water flow. The contents of TIP, EP, Fe/Al-P, and Ca—P at the
outlet were slightly higher than those within the wetland. Vertically, the contents of DP, EP, Fe/Al-P,
and RP were enriched in the surface layer and decreased with sediment depth, while the content of
Ca—P was lower in the surface layer and enriched in the middle and bottom layers. (3) Redundancy
analysis showed that extractable Mn, with the lowest content, was most explanatory (12.7%) for the
distribution of phosphorus fractions (P<0.05). The influence of extractable Al and Mn, pH and ORP
on the distribution of phosphorus fractions strengthened with sediment depth, whereas the effect of
extractable Ca content on Ca—P distribution decreased with sediment depth.

Key words: sediment; phosphorus fractions; extractable metals; estuarine wetland; Erhai Lake



