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Abstract; The content of phosphorus in soil plays an important role in maintaining the balance of the ecosystem. In order to
study the impact of migratory birds inhabiting and dropping guano on the soil ecological environment in Hangzhou Bay
wetland, the research of phosphorus accumulation and distribution of various forms of phosphorus in soil and guano was
carried out in the area with or without egrets inhabiting ( affected area and controlled area). The results showed that the
content of Soil Organic Carbon (SOC) , Total Nitrogen (TN) , Total Phosphorus ( TP) and Available Phosphorus ( AP) in
the egrets effecting area was significantly higher than that in the controlled area (P<0.05). The soil TP content in the
controlled area was 718.33 mg/kg, which was up to 2040 mg/kg in the affected area. The content of Ca-bound P ( Ca-P)
rank first among all these forms of phosphorus, accounting for about 55.22%—62.96% , followed by Residual Phosphorus
(RP), Organic Phosphorus ( OP), Fe/Al-bound P ((Fe+Al)-P) and Exchangeable P ( Exch-P). The contents of
Organic Carbon (OC), TN, and TP in guano were 11.18—40.90 times, 94.22—148.11 times and 15.41—43.22 times of

the soil, showing significant difference (P<0.01). TP content showed extremely significantly positive correlations with

E&TH B AARFIEETH (31870597) s WiiLA H AR F K41 H (LY18D010005)
W #5 B #A:2020- 10-19; 5 F HH3:2021-03-01
# W IRAER Corresponding author.E-mail ; shaoxuexin@ 126.com

http ://www.ecologica.cn



20 4 BUTRRC 45 5 S0 8 XTI T T b 1 3wl R TE S 41 1 R T 8247

Exch-P, (Fe+Al)-P, Ca-P, AP, significantly positively correlated with RP, while significantly negatively correlated with
pH. Generally, the content of TP in soil of Hangzhou Bay wetland was significantly increased due to guano input. The
content of Exch-P, (Fe+Al)-P, Ca-P and AP were all increased, so as the percentages of them did in TP. Input of guano

caused the accumulation of phosphorus in the soil which increased the risk of phosphorus loss from the soil, as well.

Key Words: Hangzhou Bay Wetland; egret habitat; phosphorus morphology ; distribution
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Fig.1 Spatial distribution maps about sampling points

200 m, X 8 DX K S5 3 Sl D i T DR LA ST Vi 2D 2 A R TR X, T 2 AR Bl AR R
TE R X300 15 20 mx20 m (9 5200 DAY iR R XA A 3 Ak, ZRSE5G T 2018 4 11 H (56 8 45

J& ) RAEWFSEIX - EREAS P A1 1l N 2 6] A 2 BORE SR T FRIRIBORE 28 R 42 0—10 em 5 10—20 cm
TRIP) I THIRE | SR 101 ) - S A v R T M8, OB 5 Ao O R A o R FHRE el B L 931 5 15 28 e b RS B 1
DR AR BRI L A W 2 XTI I i O (R AE

2 XWHIE

2.1 FEARFERRIE

SRAE) 3N 5 FERE i I 22 13345 ML ( Soil Organic Carbon, SOC) .4 % ( Total Nitrogen, TN) . 4
(Total Phosphorus, TP) \pH {A | HL 3RS IA AL B, AR 2 J7 7652 ( R3O Ak 40 i) )
%% ( Available Phosphorus, AP) R IR 4N 42 HL .
22 WHEASNE

TIHERN 2 W E AL F B SR JH BB Hieltjes & Lijkema 3 22 38 BT vE . 49 W) 45 BCAT 22 4 75
( Exchangeable P, Exch-P) 455 5W%(Fe/Al-bound P, (Al+Fe)-P) 54545 W5 ( Ca-bound P, Ca-P) flf5
HLE% ( Organic Phosphorus, OP) , $EHUJ5 1« R FH o S MR- AR T 2 R 2 TP i 2 mol/L KCI, #%¥% 2 h 25K
Exch-P; LA 0.1 mol/L [ NaOH ¥, %37 17 h $2HU( Fe+Al) -P; A1 NaCl ¥ W% EAE5RE )R, INA 0.5
mol/L ) HCl ¥ HR% 24 h #EH Ca-P ; 73 BRI 3 SE 5 e i, o —1 550°C K48 2 h, B3 34 0.1 mol/L
) H,SO, W, 40°C A8 F IR 1 h $21X OP 45 IOR A Bl B0 14 40 606 B vk DN e AR . 19 W 5 &, R4S B TP
W82 Exch-P  (Al+Fe)-P Ca-P fil OP #2453 RP % ( Residual Phosphorus, RP)@%“MQ] o B FH T v
DU RS> 3 MTkR i (GBW 07314 ) #EA7HE TE HEXF 4347 o
2.3 Gitsrr

FH SAS V8 1) CORR &3 % SE B0 Ba 24777 22 43 #r , HFXF SOC TN [ TP (AP & i  HL 53R pH {H  Exch-P
(Fe+Al)-P Ca-P .OP RP & gEF7AH 20, F Duncan 30N FEFR 0 S2 080G EAT 2 8 LA

http ; //www.ecologica.cn



20 4 BRI A5 - B S ST S Sl AR S 2 Al (5 e 8249

3 ERaW

3.1 FEARHEAH T

WK 2 Fis & sUE I X 22 H3E SOC & i (13.71 g/kg) , Hk /K AZEIIX £ 2 (9.22 g/kg) ; & vl
FUKAZ R0 X 262 +HE SOC SR i 2 HHEny 2.1 F1 2.8 5, 2 55 W3 (P<0.05) ; R AP X+ 3% 2
SOC ZFBIEXT BRI Y 2.5 F1 1.9 £, Z 5 B3 (P<0.05) . T3 TN 7 8 v i 09 2 o v i X R 2 (1.45
g/kg) , HIKEKIZ M IX R)Z (1.04 g/kg) , /AR IRZER) 2.5 F1 5.2 £, 22 55 .35 (P<0.05) ; AR50 X+
HEFZE TN 0B BRI 1.1 F 1.6 %5, 22 53 B8 (P<0.05) , /KAZFA X 362 HHEM TP & 5 i (2.04
g/kg) , W T (P<0.05) & DU X R)Z (1.60 g/kg) s AKAZ ML v X )= + 5 TP & B0 Bl R R R 1
1 1.8 F1 1.9 £, 227 3 (P<0.05) ; M X RJZ 5XT X RIZ 2 F 8% (P<0.05) , X HEX % )2 +HE TP &%
KFIEE HEFARRE(P>0.05), T AP S m I RKZEMIX £ )2 (106.00 g/kg) , H YR L v 5 m

TR E/ cm 0—10

0]
4 —_
& 20 o2l
N ~
=5 = .
£: o £
=25 10 f “ag
£ , ® = .
£3 &5
o g
HE E i
%D 0t g ot
= =
n 1 1 1 1
LC LE MC ME
5 2
&2 3L o 150 F
~
% g
: S~
= =
b 2 100 t
®E 2t yo:
41 o 4o 2
® 2 ) S 5L
QH% 2
g 1L 'z 2=
= = =2
) = 0t
= )
E 5
0 1 1 1 1 E =50 1 1 1 1
LC LE MC ME LC LE MC ME
9 - 2000 -
g
Q
= 2 1500 |
() =
N
8 | . >
T ﬁg 1000 |
2
7 5]
L = 500 t
8
=]
3
m 0r
6 1 1 1 1 1 1 1 1
LC LE MC ME LC LE MC ME
KA Sample type

B2 MR tIEEARENER
Fig.2 Basic physical and chemical properties of soil in Hangzhou Bay Wetland
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Fig.4 Percentage of phosphorus in all forms
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Table 1 Correlation matrix of soil phosphorus forms and basic parameters

TP Exch-P  (Fe/Al)-P  Ca-P oP RP soC TN AP pH EC

X TP 1
Egrets plot Exch-P 0.41 1

(Fe/Al)-p 0.84** 030 1

Ca-P 0.76**  0.56* 0.70** 1

oP 0.33 0.47* 0.34 0.29 1

RP 0.37 0.05 -0.03 -0.08 0.09 1

S0C 0.42 -0.32 0.11 -0.14 -0.18 077 1

N 0.44 -0.22 0.16 -0.03 -0.14 0.72** 091" 1

AP 0.70**  0.67**  0.67**  0.82"" 041 0.02 -0.19 -0.15 1

pH -0.53*  -0.73**  -0.53*  -0.80** -0.58**  0.09 0.35 0.21 -0.77** 1

EC -0.33 -0.67"*  -0.33 -0.52*  -0.18 0.14 0.36 0.39 -0.73** 043 1
Xt IR X Exch-P 0.78** 1
Control plot ~ (Fe/Al)-P 0.90** 0.8 1

Ca-P 0.92** 076" 093* 1

oP 0.21 0.25 0.16 0.28 1

RP 0.64* 0.39 0.44 0.35 -0.43 1

S0C 0.12 0.4 0.21 0.09 0.48 -0.13 1

N 0.87**  0.65 0.70" 0.72** 022 0.64 " 0.09 1

AP 0.79** 079" 085" 073" 0.04 0.53 0.11 0.65" 1

pH -0.23 -0.03 -0.15 -0.23 -0.11 -0.11 0.05 -0.38 0.15 1

EC -0.54 -0.74**  -0.51 -0.47 -0.20 -0.33 -0.24 -0.51 -0.80** -0.22 1

# P<0.05, * % P<0.01;TP, Total Phosphorus 2 ; Exch-P, s¢HZ5#f Exchangeable P; (Al+Fe)-P, #4145 A A8 Fe/Al-bound P; Ca-P. #5454 A8k Ca-bound
P; OP. H L Organic Phosphorus; RP. 5% 5% Residual Phosphorus; SOC; + A LB Soil Organic Carbon; TN 2 A Total Nitrogen; AP H 3 Available
Phosphorus; pH: FRBHE ; EC: B %% Electric Conductivity

B ST SR (A T S L TEHLEE N 32, o5 B Y 89%—91% , Hoh Ca-P B & S fici , i TCAHLBE Y
93%—96% , X S HTM ISR ML - Y pH A7 ¢, 55 88 AR AR P B SR R A TOUE D T (Fe+
AL)-P (R AN T B AS EL A S Y LRSS IX A T R 2 KU X e T 2 T A A A e T
9, A () S AR B R R 2 8 e A P 2 S 5 A v R BB 2 g o 1 YT 1T R M A
BF5E KM, 5 TP &R 500—820 mg/kg, TEHLBE A7 TP HBIZ1k 60%—T78% , Ca-P 5 TP Hf12 % 23%—
28% "7 BN T I b )T T 3 A AR R A A A R - SR (LT N Y Y b - RN i T R YT
TR H, TCALBE A Ca-P 5 TP HI I 25 T VT (2 b, 0 — 20 U T S 38 5 A2 1+ 3 RIS 4
i, Marta Ziotek Z5%H 37 VT U AR MR I8 VG 07 B2 AT 90 45 SR SR I | S0 00 A1 32 S B s i), LG5 5
9, B A O S A A R A I R AR A Y

TP & &5 (Fe+Al)-P Ca-P ¥ SR T 2 IEAHC, Ca-P 5 (Fe+Al) -P  Exch-P ¢ 2 3 1EAH G, AT BB HH
FAZ AN 1) - IR AT 1S Exch-P Al ( Fe+Al) -P B 5 [ Fa € (O BERR E5 $h 74k, 2 X pH 5 AP 24k B 3%
B ST R DX AHSCHEAS B35 X T RB SR T S 38 & K IR A G, D380 AFEREIS T -4 pH {E 1Y
[P T 38 AP Sk, AR SZ M ORI HE X SC IR 25 5 | 5 2% 5 A2 i X 358 TP & =34 i 526.33 mg/
kg, BEWEIK 73.27% , 500 X AP &5 HXF B X343 0 46.69 mg/kg, o5 TP B L) T} 6.53% , AP B3 i ml B
SN A SRR G KU 2 S 2 A X R X, B (X 4 3 (Fe+Al) -P  Ca-P  Exch-P &4 5 TP fy
LE ) 23 G AN R AR BE P2 =, OP \RP & f (5 TP LR A R, 3 Exch-P | (Fe+Al)-P Ca-P OP & /2
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T ABUSE R TA%, JEXE R T 52 X A% B X Exch-P Fl Ca-P #2553 B3 #IESH R Z &
Ca-P, KW 53k A\ 25 & m HIERE MR AR 0 & i, S 38rh R Exch-P #E A YA KV IR 5 5 +
RS ES G R Ca-P WO WRIRESER 0t SO I A0 | S A IR PR s X A 4L, A8 R
1%, AR AE ) BRI T, T8 A+ rh SRR,

H R R R BRI & IR SO IR IS [ B A 22— R A2 B i it 2k Oy =L I
THEGE, TR MW AR A B AR AR TR A R v N S X A AR A 1 ) e R R S
EFEMNRRIES, G TP 51 61.6%—83.1% ; Sharpley 45 i iz 28 INAR IS5 & 3, + 3K s M &
5 R B R S R A SE Y BV I A R 22 T (5 1 i X e B 1 5
LRI AR S B T A AT R B AR D ARV T 2 o A1 LG XS A P 25 4, - 9l 2% it 2 XURS: R PP A AR AR R B

5 #ig

N 25 30 e 5 RO M S e X B T X i X R R H I S R B TR R U
5 S S B0 2 38 A R T R G R BFSEIX R EEIRAFIE N Ca-P, 18 TP & AP &
i 5 Exch-P  (Fe+Al)-P Ca-P W EMC, HT¥ SR T 13 Exch-P | (Fe+Al)-P  Ca-P & it S H: I AH
FboXof B DX 1 B 25 Bt i, BRI UG, 38 TP RR0i2: AP & i 4 5 v] B S S0 b - 0% 28 30 2 IAURS: A 5
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