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Abstract

Different forms of phosphorus in sediments have different environmental behaviors, and the
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morphological concentration of phosphorus is the most basic indicator to measure the degree of
eutrophication in wetlands. Zhalong Wetland has a rich ecosystem, but in recent years, due to the
influence of human factors and the rapid development of social economy, it has posed a severe chal-
lenge to its ecological environment. In order to analyze the spatial distribution characteristics of
total phosphorus and various forms of phosphorus in the sediments in the study area, this paper
divided the Zhalong wetland into buffer zone, experimental area and core area, and used ArcMap to
make a map of phosphorus and the distribution of phosphorus in various forms, and analyzed the
correlation between the physical and chemical properties of soil and soil phosphorus in Zhalong
wetland, and discussed its influencing factors. The total phosphorus (TP) and various forms of phos-
phorus in the columnar sediments of Zhalong wetland were determined by SMT method, and it was
clear that there was a significant correlation between the various forms of phosphorus, revealing
that the various forms of phosphorus in the surface sediments of Zhalong wetland may be converted
to each other. The experimental results showed that the content of inorganic phosphorus (IP) was
slightly higher than that of organic phosphorus (OP), and there was little difference in the occurrence
morphology of calcium-bound phosphorus (Ca-P) and iron-aluminum bound phosphorus (Fe/AI-P).
The results of this study are helpful to understand the health status of wetland ecosystems and pro-
vide a scientific basis for wetland conservation and management.
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MR E N EE R RS, ERERIEIA . R M RIS REEH W h IR S R 2 4%,
HAARFESZ IR 26 0. AN RIS 3 SR 2R A 5o (528 . SRR b & R 22 S B . MG e bR g+
B2 TP V348 &0 318.74 mg/lkg [1], HAEKFEWGRIAL BUE(E s 1M s R HR 2 UURY TP & &1
504.97~893.05 mg/kg [2], A fig 5 7MESAFIUBRLITIEA ¢ 28Rt 1P 5 Sk 90%LA F, anms Jess
H 1P o bhf ik 85.95 mg/kg (PRIN ) [1], BRIT = AP A3 1P 5 EL 91.8% [3]. IP (1 EZA Nk
R GRS AA . YA G5 ZANRRNE, 072 7 523 (s B B P <0.05) [1]; 145
SEA A (Ca-P) R SR TS FHAE S, ZEW AN . OP 5 LR GE 5 <10%), (HAEAREYIR A4 /) il A% o
FTREIG . G0, S RE IS AR o0 o= (RS T e A WL R (4] BbAh, s & AR e,
HINBAD S 50638, BONBERIK IS

IR HAT T B IRYT AR VU AN GO S5, A S K /R T 2 180T AR A 1T BRI 35 ST . R IR E LT R4
X AR R I e B R GG . ITRIIE A S RS, R i BARR IR A W U5 P 5 S IR BER 5], A
FEHERU K B WG, BT SRR SURE, S RO KB HER R WA, IR TR
NI, InE T R S G UAH o W R DRI B R T A2 BN . R b O TR KA R SR
6], 1% L2 BONTT IS T Ifs 1 B KBk k(7]

DU R 1B A 75 R G T BB IER 43, R VR & 75 7 R A b BR Ak 22 16 2R ) 55 B 24 5 i
[8]. VIR BEMRAF AL e R b ) A S S5 M 5 T RE, A AR AR AL iR M AR S G 55 X DT B T 4
RRIEWTFE[9],  EE AN W b L35 P Bl 0 3 IR AT T 28 S OS5 3R 3 (R 3R [10] . 3l R 40 40 H e 2 1) % 1]
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2. MRER*E
2.1. R

FLIRTR AT T B2 e VT A8 FA BT J5 5 48 2% YT 5 X 7] 3 09 [X 35k (46°52'~47°32'N, 123°47'~124°3T'E),
TGRS 57550 R BY R X . BREEX . BHE. kB, DU RRTwRfm B AL RIAFE S B iR
Ho ZAR XS 2100 km? , 2 3 E RS K 1P TS B A A S R R A 38 R G R X [11] . X3
R R DA ) i YRR A AR, PR TR A SR AR AR VR o AR [12]

22. BIRAE

2.2.1. TEHARESHE

B FAKHE BIRTLA IR X RIT7 %8, W T X RN A% O X . ZZh XRISEBG X = AN ThRES TG, R
Fl RS BEN LA 253 B 30 N8 ELRFE (1 1). 2023 4 5~7 HIa], A 5E Hi %A T H R4 0~60 cm R E
TR AR, $% 10 om [RIBEET 20 )2 HURE . SREFERM A INRILE, ik RSt = b,

S E N AR AR AR FERE BN RN L ARSI, @i 10 BImM BT YRR 5, H g
S HTHIRE 2 IR BRI S J5 1k 100 H 400, SEHEARERGAE T TR, WEdfid, SBEmeE
ERIERRM MR ZE 514 SMT FruEd 2T AR AL, AR R 105°CIER M TR, pH EIE
AR UER Mettler Toledo FE28 B! pH 158 i FE AL 20 B[ 13]
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Figure 1. Distribution map of soil sampling points in Zhalong Wetland
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AT St LI BT e WAL B T4, 58 B W (B B 5 Bl i ¥ J5 . R SPSS 26.0 Geit-#ift
BAT R G ARG TR, AR S IE S VAR IS 5 07 R I N AT B AR, MRS EUG L
JRERE M. fESEIEAE E, G2 ArcMap 10.2 BUPF R - 3RBERAE Rl Al B R R R B AR, R
A Origin 2021 Ficff: e ji - 3w T 3 A1 5 ik B 55 AR S 2 B T (K 222 1

3. &R5118
3.1 SBHMTIRMERE SR SHINRE SIS

F IR R 2 TR o B (TP) & 2 1 2 (R 0 A R s R BN AR AL A i & E (W1 2), TP &
H1E 307.44~785.88 mg/kg (A 7P ATRE R AR, %000 X 170 P 0 S bt 408 7 00 X Jak 52 3R 5l 2% v R A
LA BT 626 mglkg, 24T 4 DXFRIK# 2~3 13 . IRFERREE AT R B, 1ZmE X E ot X
SN EIUAR AR A R, R At - 1A% BRI R . SLRIB I I R E A, £
BN SR EIFE AR R H R vg L X (R AR 7=, REAR 2 ARl BRE 25751 T
ZHLIX, GG TR EAR R . P XS EAR R AT R RN A — K it R AL IR AR 21
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Figure 2. Surface spatial distribution of total phosphorus content in sediments in Zhalong wetland
E 2. I EEHTRAMEBEEREZ AN
FLIAR LR Z DAY I T LB (1P) &5 8 10 723 1) 73 A1 R e R I ZE I 78 X AR BB AT b PR i (L] 3)6
Hodr 1P & & 5 /MA(165.09 mg/kg) LIS X s %O X IP & EEm, FEZARWAIESRm .
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Figure 3. Surface spatial distribution of inorganic phosphorus content in sediments in Zhalong wetland
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Figure 4. Surface spatial distribution of organo phosphorus content in sediments in Zhalong wetland
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FLAZ IR Hh R )2 PR K L (OP) 15 5 114 2 8] 40 A7 45 s R BRI TE A7 70 X Hp A 3 R0 R 3 v (UL P&
4), OP & & fx/IME(126.35 mg/kg) HILFEIRER X s 10X OP & & fm, BN TiZ X IR E R ARG
Bl B 5 AR E RS R AL FE A ARG OP & &40 A th AN 78 X e KA
(344.65 mg/kg), X A]REG LKA M5 AR Ui 000 B AR L AR B R Ll BT R ORI AR
VIR, SECT REMAEFR BFER, PLERKER R RFIFBRFEFEN TR, &k T %
IX [ HUBEAL A PR P B i [14]

FL e 2 R AR b kAR 45 A5 T (Fel AL-P) 55 B (14 25 18] 70 A1 5 55 22 IO AE BT 78 IX o e 3 v (R
] 5), FelAl-P & &8z /IME(64.38 mg/kg) HILAEZEMIX s 101X FelAl-P & & 74T th IR W 5 X e K AR
(151.23 mg/kg). FEEHMNFERNA . S0 R TR R B/K TR I 3R R, SR /R T AE S ER
B2 R P58 W s R, FLoR] b T PR KA HE R IL 910 i, LA EN). BE(PE N EZE IR
AN SRR AR, IR e R T E AR R B R T A RS, RREE
B 7R RN H K R B 8 SR AR AR 2 RS M I [15]
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Figure 5. Spatial distribution map of iron, aluminum, phosphorus content in sediments in Zhalong wetland

5. LR BHIARYIRKBEATHSEREZ RN

FLIRWE R DR P 4 45 A5 T (Ca-P) 2 5L (1 25 1R] 40 A Rk AUR DU 781X 76 3505 AR b0 s (1L
1 6), Ca-P & & 5t/IME(97.40 mg/kg) HBLLEIRES X ; A%.0 X (b FHRE & B8 B 78 X A5 45 & A % (Ca-P)
AP ARERAE S, GE b X S 4T 7T IX 5 v &5 B (257.96 mo/kg) . HLZS[A] o S A7 e R ], 5
GG BBEIRE T B B VI OC . BART S, AZIES= A MBI (2R &/ Dok S T Bl 72,
TSRS AW P 7E 55 5 PE /K IR B L BR AV 0 R HH TR BROIKAE. Ca-P UTiE[11]
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Figure 6. Spatial distribution of calcium and phosphorus content in sediments in Zhalong wetland

6. HLEEHIRRISE S SHE EREZE N

RTS8 R & TS RO R 53 0 HHE

B 7 AT, AR DURR P S AR & B IR FE AR YR A 279.78~802.11 ma/kg, JUAR A I [ 5 THI
b, BB EE AR RO R B RIRET N, BB ELE 0~10 cm EH 2 B K, 7E 10~20
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Figure 7. Columnar content of total phosphorus in sediments in Zhalong wetland
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wE 8 Frw, ARRUTFRYH & AT &= 200 B I M A RRE . A HLBE(OP) & S bl TR IR AR
AT 201.35~336.88 mg/kg, H & ELERZ O X FLZMIX 20~30 cm JE ALk B K fE, 358 X A WI7E 10~20
cm JZA7 H LA (256.56 mglkg) . TCALBE(IP) & & 43 17 ¥ [l v 242.00~366.49 mg/kg, FHr 2% b X ATl 5e X
£ 20~30 cm VA ¥ HII B R, T O X IEAE (366.49 mg/kg)fiz T 10~20 cm 247 . 4045 & A5 (Fe/Al-P)
FENT 80.31~138.79 mg/kg, 140X 5 X [ E R & & ILE 10~20 cm 247, 58 X MI7E 20~30 cm
IRPE 15 B0 {H (87.34 mg/kg) . #4545 & A (Ca-P) & 224U v 103.04~354.02 mg/ky, 1% X FIZE X 1)
BB HIIALE 20~30 cm J2 407, 1RE6 [X 1418 (248.25 mg/kg) A7 T 10~20 cm 267, 4840 s, &S
T B3 IS T S PR P 2 [ 23 A B4R [16]

s [X OP. FelAl-P. Ca-P =Fi I AHAE 20~30 cm JZTH H BLWEAL, 1P 55 Hofd = Figh J2 25 20 A B
AN, VA HBLLE 3% 10~20 cm ZiHi; ZE0F X OP. IP. Ca-P =Ffi L &HLE 20~30 cm JZ i H BLIE (Y,
Fe/Al-P MI{E 10~20 cm JZ 1] Hi B4 41 (113.06 mg/kg). REEX IP. Fe/Al-P £ 20~30 cm JZ [ H BLUEAE, 1
OP il Ca-P JU|#E 10~20 cm JZ fij H B 04 A .
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THEUL SRR P RS TR S A TS K NN R R s, A 4512 DX 3 (5] P 2% 1) 2 [) 23 S ARPAE
MR SR FRLEAER, TR T SRS B R, IR AR RA M E 4 53ESRHE.
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Figure 8. Phosphorus columnar content of sediments of Zhalong wetland

E 8. ISt RS RSHERESE

3.3. IEMTIRMREIR I E R S

BREVIERS Fetb 21 S BE DR T 10T, IR SRR TR 3R AR A 2 X i W B S5 R 8™ A — e A A
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K I

M7 1, LIESKEEAMREEEHEEZRENIEMR, S/KES OP §EEIEE EM
K(r=0.701,P<0.01), 5 IP & [A 2 & IEMAHK(r=0.677,P<0.01), 5 OP &5 (] I &3 LA
K(r=0.695,P<0.01), 5 FelAl-P & & [A] I 53 IEAHK(r = 0.817, P <0.01), 5 Ca-P &2 [ 2L
FIEA K (r=0.688, P <0.01). RIBEE/KS S EBA, EHERA. LK RE, LTS A R
WA RE, BT SR SEFERK MBI B TR AV, B, 2R AR, BERNIEH
MR, RN FEARPR LR R . 7R IR RIS R, BRI RSB R B A
T RS . LIRS KRR, AR TRV BRSO R . BEARR IR S, 2 K A
4y, AMETTLAR SR 2 RIS R, T DU B R A LR R MR E R ) SRR B
(IR GV E P E 8 A K 1 G, el R 3R ) 7R 0 P, AR PR AL B A K R A

Table 1. Correlation between soil moisture content and phosphorus and phosphorus content of various forms

F 1 LR REHMRRIHSHSENEL M

TP IP OP Fe/Al-P Ca-P

BKE 0.701** 0.677** 0.695** 0.817** 0.688**
FE: **AE 0.01 2O (WE), MRMER .

H7 2 o[k, L3 pH 58 R S SR AR SR 2 ULEE AAHE, TipH 5 OP R 2
AH(r = —0.706, P < 0.01), 5 IP &2 T fiAH>(r = -0.677, P < 0.01), 5 OP 2HLEZ FAHxR(r =
-0.692, P <0.01), 5 Fe/Al-P & 253 FM55(r=-0.830, P <0.01), 5 Ca-P &R LI EE ML=
—0.696, P<0.01), RPYTRRY pH K, B F TR B RS ME NSRBI EE R, 338 pH {Eif I
BUR B R A RRAE . T I R LS, BB MBS mE &8k . RS L E
PR b 5 2R AE L ] — YBOAH T RO A — WP PR, 3 T R B I AR A R

YR BRI, B Feo AR Mn S0 R A B VEN G, SEEEIIA R, £1R
PERESRRA Lrp, TR A RESME T, 55588 TAERSSEA, H—PRET Lk
ENINEEE /SRS

Table 2. Correlation between soil pH and phosphorus and various forms of phosphorus

2. 3% pH SHREHSHEEXY

TP IP oP Fe/Al-P Ca-P
pH —0.706** —0.680** —0.692** —0.830** —0.696**

e 2% AE 0.01 HAICE), FHRMERE.

TR MY AE KR & RIS, B8 B8N 2 DR RS B e EED A K&,
WAL MIESAAAT LI, BREHBE. OB, 2SR, s IR a 5 S RS BEATHC
PESTHT(ILEE 3), RIELLIE TP 5 1P 2 B 2 I3 IEAH (r = 0.987, P < 0.01), 5 OP RILEZE IEAHK(r =
0.968, P < 0.01), 5 Fe/Al-P Z [u] ¥ 52 IEAHIS(r = 0.858, P < 0.01), 5 Ca-P 2I&EF IEM(r = 0.942,
P <0.01).

W R AR R AS W 2 0] (e S e, WA A T B AE L33 rh T B AN ER (0 AR B B, B TR Y
AIRREL R R B AT . (ERE RSB S HIEH N, TR T — N7l A dr s 0Pl X — BT
flirr, o0 E LUK E I EL B AT SAAAE T A E ST, IR A AR e . B, EAFE R
PR, ASTR B 2% 420 28 Ak 3 T B 2 0t - 39 Akl o 116 A TR R BE PR 52
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Table 3. Correlation between total soil phosphorus and various forms of phosphorus
3. HIERBR SRS EREX

TP IP OoP Fe/Al-P Ca-P
TP 1 0.987** 0.968** 0.858** 0.942**
IP 0.987** 1 0.958** 0.868** 0.945**
oP 0.968** 0.958** 1 0.827** 0.943**
Fe/Al-P 0.858** 0.868** 0.827** 1 0.817**
Ca-P 0.942** 0.945** 0.943** 0.817** 1

** 7E 0.01 FA(WE), HHRMEE.

B AT FTRIuR, HIBEFEAIE Z WM EYE S AL I (Eh-pH) S5 A4 B RT3 . e ik
TEIRE “glEE”, GEE B SN AR AR SRR SRR T AR R S M O R E I S
HLF SR R, DRZIRE M S e i M S B AT O . Bk - TR S AR VR I AR T WA
() “SAACIE SR, T S T O 5 B B A AR A it — D P ) AR A Rk

4, &g

fH ] ArcMap X 5 FiAS A B R & BB AL S M o A B, fEH Origin XS hilHR &= -, &
45531 TP IP. OP. Fe/Al-P. Ca-P 1434 ¥ifdE, 73 A st mm Foor A AR se e (K1 25 o %F TP IP. OP. Fe/Al-
P. Ca-P Z[A2R F SPSS HEATAHICI: 734, FRIZART & /K2R . pH B B8 K & T A1 2 [R13EAT AH A% 2347

W4 R, AL R HAE AR R X S S B i 2R, X —IR 5 1P Z B EE SRR,
HEWT AP oAt B K o Ak e MO PE A s FLORMEHb ) o 8 S5 R ZR A G T L 5 v T 3t X3,
X AT RE SR T e X R R 52 NS B, AR REE . T HE R A K H AR DTSR R s . itk
4F, OP 5 FelAl-P & B R 2L B i & & FR AL I A B R XU o (R, FEDUR B IR B, ML
JOL AR, T ELA SR AaE 2 R B, AR TR B R R A4

DRI B S, HBERRE Dtk R R SIS S B SR A A, Hd,
ARAGE A PR A E A, HEE W A R 2 R

ARG HTIUR Y R A . TS R S AR R AR S, RS RA MY 5 R
BERbEHE . LIRS KR, pH (EER R MBIEE 01, BIESE R MDA S Rk 20
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