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( P. australis-C. malaccensis marsh,PA-CM) were studied. The results showed that easily decomposed phosphorus ( Resin-
Pi, NaHCO,-Pi and NaHCO,-Po) in total phosphorus (TP) were 48.3%—51.1%, followed by moderately decomposition
phosphorus ( NaOH-Pi, NaOH-Po, Sonic-Pi, Sonic-Po) (37.4%—38.8% ) and hardly decompose phosphorus ( HCI-P and
Residual-P) (11.5%—12.9% ). The contents of easily decomposed phosphorus, moderately decomposed phosphorus, and
hardly decomposed phosphorus forms in soils of PA-CM significantly increased by 10.6% , 19.2% and 22.6% compared with
those in soils of PA, while increased by 1.6%, 11.5% and 16.6% compared with those in soils of CM, respectively. The
reasons for it should be attributed to the alterations of physical and chemical properties in soils of PA-CM such as grain
composition, pH, Fe and Al contents during spatial expansion. The spatial expansion of PA and CM also changed the
contents of TP and the stocks of P in soils of PA-CM. Compared with PA and CM, the levels of TP in soils of PA-CM
increased by 20.0% and 7.1% and the stocks of P increased by 12.0% and 18.0% , respectively. This paper found that the
spatial expansion of PA and CM not only altered the distributions and stocks of phosphorus forms in marsh soil, but also
changed the transformation of different phosphorus forms. The distributions and stocks of phosphorus forms in the soils of
ecotonal marsh were favorable for alleviating the competitive pressure of phosphorus for P. ausiralisand C. malaccensisduring

their spatial expansion, which, to some extent, might maintain the stability of the ecotonal marsh ecosystem.

Key Words: phosphorus forms; spatial expansion; Phragmites australis marsh; Cyperus malaccensis marsh; Min

River estuary
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Table 1 Physical and chemical properties of topsoil in different marshes

. FIBRLRL Grain composition/% itﬁ%% ) W3 L
Hih Soil hulk HkR " Electrical O Fe/ A/
Marshes density/ Moisture/ % r conductivity e (¢/kg) (g/ke)

<2 um 2—20 um >20 um (/) /(mS/cm) matter/ %
PA 16.06£0.81a  55.44+1.39a  28.49+1.58a  0.99:0.0la  52.47+4.82a  4.81z0.14a 1.61£0.23a 6.6910.60a  45.89+0.87ab 33.72+0.38a
PA-CM 15.66£3.04a  64.27+1.39h  20.05¢6.33b  0.91£0.03a  51.37+6.36a  5.33:0.21b 1.61+0.17a 6.96+0.25a  48.57x0.67a 35.01£0.01b
CM 10.08+5.89b  51.82+17.24a  38.09+23.14ab  0.99+0.01a  48.13£3.19a  5.66£0.07ab  1.81+0.29a 5.67¢0.71a  43.830.77h 32.80+0.73ab

BN 2R R RITE P<0.05 /K E2ERBE, PA, P50 P. Australis marshy PA-CM; ZCHA I P. Australis-C. Malaccensis marsh; CM; EME 30 C. Malaccensis marsh

1.2.2 A AL S0

BERAER IR B TR AR, BB 51t 100 B 5 248 /e + e 2 43 R Hedley 4%
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BEIREE (em) o
1.2.4  BAshb s 5oy

iz [ Origin 8.0 B4 X B SATVE R AT, R SPSS 20.0 # 4% #6417 Pearson AHICHT 2245
Br A AL [ 08T, BB MK E  P=0.05, ia ] Canono 5.0 2R HEFT R4 (PCA) 23T,

2 HREHS

2.1 (RIS R AR S AR L

PR SR M S AP R AR 3 R 0—10 em + /2 Resin-Pi & £ 8RR I Ry A 545 0 b > 2 55
b > ST MR I, TR 10—40 em )2 W ZRIA 2735 101 > A H MR M > FE 31 2 Wb (&1 1), o 255
MEHL S5 IR HIAE 10—20 em + )2 DU 1R HL 588 W R AE 20—30 em H R R EER (P<
0.05) , &t NaHCO,-Pi Fl NaHCO;-Po MMii 5 , & 0—10 em +J240, & HAE 3 MR 10—60 em + )2 8Kk
A AT Tl > S VR > A SRR e, e PR 5 A B 1 10—20 em )2 /Y NaHCO,-Pi &%
HAFAEN R 2 5 (P<0.01) | T/ 2500 5 8 3 278 3 10—20 em + )29 NaHCO,-Pi 25 5 W47 1 g 3 2%
F(P<0.05) . 350 Hh 5 A2 85 b | S8 AT T bl 55 0 B 20—30 em )29 NaHCO,-Pi % 77
e & 22 5 (P<0.01) ; NaHCO,-Po 5 B AVAE P 25 1B 3 5 3 55 47 B H 1Y 20—30 em + 277 B & £ 5 (P<
0.05),

PSSR A 23 [ IR AN R0 = 38 v 5 43 i A5l 2 0l B AR P AR R (| 2)
3 PR 119 Resin-Pi &34 H 22 1 F 2885 AL b, (A AERRNE M ] 9 25 5 IR B3 (P>
0.05) . S5Z A, 3 AR+ K NaHCO,-Pi & SRR [ R)Z 10 F BRI, B IR =500 5 58 il
T 2 [ A7 e d2 3% 22 5% (P<0.01) , 5t NaHCO,-Po 11 75, Ho 5 78 7 25 70 1 5 58 At T80 1t 426 AR 347 o 8 o 1
TS SE R I B ARG AR Ak T R P 2 T DU S A R A B, LR 3, P S T M 5 A A A W b NaHCO, -
Po ST AN B E 2R (P<0.01) , 52 AR, 23510 5 M 3 B 1) NaHCO,-Po &7 7E R & 25
(P<0.05) , 5/ 2570 MR 3 2 S A Fb | sS B 45 1 b 1 398 7 A9 NaHCO,-Pi Al NaHCO,-Po -2 & i 1 5
ATk A IR 2 )R 25.3% 21.3% (NaHCO,-Pi) 1 167.3% ,11.0% ( NaHCO,-Po) , 52 AIF], 38 s g b+
e ) Resin-Pi & BB HIRHIFEAR T 12.3% , MR E ST & T 20.3% , 90 BAB S EHE R R
BB AR FEI A 7 5 AR > T 2 IR M > S AT IR, R AR R (R 2)

R2 TREMTEFEESHEENEREETRAY

Table 2 Vertical variability coefficients and the average contents of different phosphorus forms in soils of different marshes

. PA PA-CM CM
JEA Forms
&1 Content CV/% &+ Content CV/% &+ Content CV/%
Dy oy A Resin-Pi 20.3+17.1a 84.0 17.8+11.2a 63.0 14.8+11.0a 74.0
Easily decomposed phosphorus NaHCO;-Pi 57.3+39.4a 68.7 71.9+20.4b 28.4 59.3+18.7ab 31.5
NaHCO;-Po 3.8+3.6a 93.7 10.1£2.1b 21.0 9.1+£3.6b 39.4
A5 S i A NaOH-Pi 184.9£50.5a 27.3 231.3+57.5a 24.9 207.9+47.0a 22.6
Intermediate decomposition NaOH-Po 39.6+11.8a 29.9 40.3+2.5a 6.3 30.5+4.9a 16.1
phosphorus Sonic-Pi 28.1+8.6a 30.5 29.6+5.4a 18.1 31.7£3.9a 12.1
XS Residual -P 114.3+£22.4a 19.6 141.7£37.2a 26.3 133.2+23.5a 17.7
Hardly decompose phosphorus
TP 656.6+143.6a 21.9 775.5+131.4a 16.9 721.9+75.1a 10.4

A TAS R 7B RN Bl B 7E P<0.05 /KF 125 5 %5 Resin-Pi: W 8HE NaHCO,-Pi: SRR A TLHL#E; NaHCO,-Po: BRERESNAH ML
W; NaOH-Pi; S A NS TCHLEE; NaOH-Po. S EILMIAB DU ; Sonic-Pi. M ATCHLEE; HCI-Pi. ERERASTCHLEE; Residual-P. 5% B A8
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Fig.3 Total phosphorus contents, phosphorus stocks and its composition in marsh soils
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H20.03%F1 7.12% , BRI ,0—50 em 209 TP & 833 B0 A8 551 0 Mo > A F 1 18 3 > 46 31 2 8
M7E 50—60 cm 2 M F B A P 510> A 55 MR o > J8 31 2 i (& 3) , sl i H3Erp ) By i 25
W 255 O i S RUME M ST S i 0 s TP SRR 12.9% 38.8% 11 48.3% , T 7E 2 255 1 iy Fl e i3 41
Hirb, = L1535 10.0% 38.4% \51.6%F1 11.5% \37.4% \51.1% , 57 251015 81 2 R HI AR L, 324
WG IR A B RS S F N T 2.9% 5 1.4% , TR 255 A R 2SR 5 He 2 N T 0.4% 5 1.4%
XEM RSB AR T 3.3% 5 2.8% , ERFIH—IEZ 3 AR 139 &) NaOH-Pi \HCI-Pi I Residual-P i
TP 4 LLAI%E | i Resin-Pi NaHCO,-Pi NaHCO,-Po NaOH-Po #il Sonic-Pi i TP #4 L Fl#AK, TP & 1 1
S DA 2N M e ey, A T IR MR AR (3R 2) o 3 R M T P A i e ) 3 R i 5 AR
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Pi F1 Sonic-Pi 9 5 FARRTEAR , 43 54 T 0.9%—1.3% 2.0%—3.0% 3.8%—4.2% (& 3) .

3 Wit

3.1 AR5 S E N SME RIS T

S ESMHESCHEFEAR LL , VT R 380G TP & kb Frh 85K (£ 3) . SRRIBEL -1 &, B -RJRIA
S VR AR VA T 5 A AN O R S VL A 2 A D) o e A O e W AT R T T S A A
s S TRV 53X 2 502 AR VA - e By L e T [ VI VR e - Rk S A (R 1)
A5, Stone I English' ™ (FFTIESE , Hh 458 50 A2l o b 5 R R 52 52 LL , 173X AT B 2 S 30BN R R by
4 U R TR R AR S A R A B S IR — AR, Ak, BTG RS TR - rh A AL
TR AR IR, H 5 MV AR L AR, B R AT B R T AR kAT A S AN AR 2= A T
A, AFEREEZT AR 22 280K, bl i S 280a VL i g DLBED (L R AR e s R 22 55 20, ik fifi
3 P A S AR AN RS AR IR AR,

51 Y A S AR TV R - 5 TP F i 7 3R E R AR A T b Sk Horp, B A R A A
S5 43 PR AS B i v T I 1 Y DA BT S (LB SRR T = VT SRR K T 5 X A Sl i B
THACE IR, {H B SR T 3] R, TS =V IR K AR 2 (3R 3) . =V P IR oK R py T b Ak
ARl AR B AR B 2R (A5 - A DL i 2218, K0T B 35 o0 B R 3 B4 M XA - S0 e Y Iz
VA 1% X IR A B A 20, b S BOL L e TP SRR, 522, A IOE T b2 S X, 2
AIBENGESS , H R0 MO R Y TP A AefIK, TR TR MR S T 11 3 M Pl A2 9 3 - T 0 LR
SO MR SR KIS R A B4 4343 A TR L . X FUBIF 9 & B, Bt 25 4 138 A AR, ] 10 8 3t BT T 1
by YT IR ARV CR M S A TP & R R SR It S AT ST b [V 0 M A2 B A BRI
3 E KR Fe AL BRPEVIRW . Fe Al N SBERRERSS &, SEURIIIT X 12 i v 45 5) 40 fi A5 B 25 it
T B R, 554N, TR B DR S & Y Ca Mg B, (AR 5 LG A T A
O RASTRI FEEENSy  TTXJ T BOHE S A A i S S TP L I i i T A DX, g Y — >
JRR(5R3)
3.2 ZS[EY AT AT A R

ARWFFEFI 5 S T A A s (R R B 0 O TS [ A B (0 20 A R A, 8 T LA At i T - 4
TR 5 o A B T A ) A3 R AS BRI o Al B e R RS 8 T A L A S Nt AEDGS H F J
2 0 L, S B O, - 48 b PR 0 A Al B A AR R T 10.6% 1 1.6% , HhAE ) o3 A AN O 43 i 4R R
T 19.2%H 11.5% , T Sy A R S S B4y MR T 22.6% M 16.6% . JRF Al e 5 3 2s[mdy f@nt f vh g g iy
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T b - S A R A R BRI AR BE K pH DM Fe (AL & YRR AR IR ) R AW W BB G (R 1) . AL
PRGN TP 545k, 1 ELS M IR AR 2 R ARty | 22 0 vl ) Pl 2 — il vy, HLAE TP Hh iy e 4
M ARERIE R SSHE IR M - R R (4 2 A RS T RS AR RS S BT R S M B S
A2 R el i v 3 X B TR O ) 2 A BB 0 B Sl A U W S M | O i S OO AR A N R A I A A
Ko CAMFFERY], 70/ 2 AR I TE U SR, 8 R e B 22 5, 7 345 i e b s ) g e i o A
R A 23 8] s P s A4S 6] 45 e S SOCH B 17 0 0 A P2 AR RE AR FL 4B BEVE S5 ) L ARTIRSE v, 3l T
22 LT BB RO KL A T SR AN T 11.8% , WA T4 i3 AR b TH 5 T 29.1% , 3 W
PR TSN T - e A RRL RO AL B 5 (3R 1) o SR 10 b - 18 v 240 007 A 385 I — 7 T AT 42 = % &) 43
it AT N 85 55 oy i AS R W BFERE T, 55— O T KR 19 ) o0 i A s v S 5 0 AS B ME o0 i S 3R 43 IR T
Wi 4 7 e 42 AR T A A BN 3 pH AR 2 MR b 3 OR [R B A A WA I BB R R R R —
T i 1 PR PN, I i 742 A W e B0 25 1 DA™ ) 3% T B D1 S 12 B0 81 H Al A5, DA T e A8 - 4 v ) i 2
Gy ARG R ST - R pH (B T AR (H AT R, LAY, 3 R - 4
Y Fe Al 25 5 38R F BN S FE 7 MR M > 25 500 > 50 M 208 , 5 D) Fe AL WS HBE 0 10 b 45 5 o fl 4
e A28 ARl — B3, T 255 S Y A B s ) SR A T i 2ol g k2 3 pH K Fe Al 5 RSN
T4 rh h S B A it AR R IRAT
#3 ERIMNEHMRETEBSENE/ (mg/ke)

Table 3 Comparison of phosphorus contents in surface soils of different marshes in various study areas

M ik

WsT X i ; Joy: Easily Moderately Hardly EZ PG
5 ) Marsh Vegetation o
Study regions pes e Total phosphorus decomposed decomposition decompose References
ypes ypes phosphorus phosphorus phosphorus
AT s 892.0—1036.6 207.2—307.3 365.9—527.1 211.9—363.3
FR whme M [21]
Sanjiang plain (991.6) (244.6) (432.4) (269.6)
NS . 57.5—361.0 1.5—-314 1.9—64.8 41.2—278.0
RHOPR T (2
Songnen plain (117.8) (8.1) (14.5) (95.5)
- 138.8—541.6 3.1—40.1 5—151.2 90.2—384.9
(231.6) (11.2) (28.6) (191.9)
. 61.9—173.3 7.6—39.2 1.4—12.0 40.4—135.4
(90.8) (17.0) (4.3) (69.5)
. 331.8—507.4 6.4—46.8 10.5—69.5 237.4—552.2
(421.3) (17.6) (24.6) (379.2)
B ; e e
s 4 thit BT 569.6 17.0 13.2 539.4 [9]
Yellow River Estuary
Fi% 579.3 16.2 9.9 553.2
M 537.5 20.9 11.8 504.7
izE 553.5 25.1 14.9 513.5
YT 5 e e
Iy“ . i P 672.5 £142.9 81.4£60.1 252.6+70.9 338.7+89.5 ENTEN
Minjiang River estuary
LIS 721.9£75.1 83.4£33.3 270.1£55.8 368.6+33.8
P A 775.5:131.4 99.8+33.7 301.2465.4 374.6+64.2
b/ RUNE] .
Fhyd — — — —
Pearl River Estuary i 799.6+163.9 [10]
G R .
Eﬁm AELE i — 45.5—709.9 0.1—123.7 32.2—462.5 19.2—189.7 [20]
Brazil Guanabara Bay
g o AT
pgfﬁzd\mﬂjl4§ﬂj}T hin — 997.8+535.4 63.6+27.2 40.6+29.8 737.3+463.1 [23]
India Kalpakkam coast
3 2 s
KEIFEEE i — 692.0+208.6 — - - [24]

America Chesapeake Bay

H55 N M E{E. Note: values in brackets are mean values
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AR 4 20 10 5, e AE 18 3 £ 3 p IR RPN HCIL-Pi (26.49%—36.99% ) > NaOH-Pi ( 25. 00%—
35.79% ) >Residual-P ( 11.67%—25.92% ) >NaHCO,-Pi(5.55%—11.53% ) >NaOH-Po (3.05%—7.39% ) >Sonic-Pi
(3.18%—4.78% ) >Resin-Pi(0.28%—5.56% ) >NaHCO,-Po(0.68%—2.00% ) , H: ME/M i 250 5 TP Ay L 1)
i (48.3%—51.1%) , P25 50 A AR Z (37.4%—38.8%) , i 5 i R S BERAR (11.5%—12.9%) . BIR S
O MRS B O LU AR (H AR A WA Ty SR HA R S W B A 4. B TRERIR Y EA IR, B T
W R B0 AL A e i, LT B AR AR Lh e 1T AR ML) R 344 5 DA 398 v SR BB 1 =X CEL A 1 R B
BAERFESE P 22 KT ARFSE I, sC B IR+ 5P A Resin-Pi & A T 79 5B M RR AR T
12.3% , AHXS TR 2R M3 N T 20.2% , U R 5 AR S fes TR oAH LU Sl RE S v] RS 5 2 1Y Resin-Pi 5%
O, A B T4 v HAE 324l v R S 3 . NaHCO, $2 BUS B £045 NaHCO,-Pi Al NaHCO,-Po, Hi T iX ™
AT B AT RL , PTAE Resin-Pi YA W MR F IS B st 4 sE 554k, R XA 2 K BLAT BB 8 L, AR5
HR L REIKE T R 25 T R e I S L, 0 A T M P ) NaHCO, 48 BUS B & A BB IN T 34.29% M
19.9% , Ut A 22 5 v 11k I3 A R o 25 T 308 5 A i NaHC O, $R BB B S AR A 45 F T2 4%y, NaOH R BCS 1
FFIE DAL SR R B T 4% Fe AL ZRTHIAORE , BRI P 25 5) 2 50 , (554 ML ( NaOH-Po ) F1JEAL ( NaOH-
Pi 1 Sonic-Pi) PR, ABFGTH, HEr KB TP 1Y 33% , AHXT T 25 T b R 3 2 Y | 3 7 1 b
T4 NaOH 2 BT & 520 I IN T 19.29% 1 11.5% o 48 NaOH 45 BBl 450 X Bl f W WAe ) 1 AL G
E AR T A 9 T (8 B IR (R B = AR T A S R T b ) B G s s T R R AL T S R AT AE
BEFRAT . WEICA B (HCL-P) S A7 B XA i) 398 rp mT S 550 Sk 1938 40 A 3 5 % , 3% BA % ( Residual-P) AN
RESREUAY AR H RE MO . A ZE HP , ARXGE T 35 T8 b R 8 I 9 Y0 e, S B 0 b - 9 v 1 T Rl 5 4 40 )
BEINT 10.6%F1 1.6% , FARXME A0S B 4 A, (A nl ol e XUAk Fn b i 8 i e A 4 W MG R
NI FE ST B AOAE T . 28 b AR Tal RS P 35 AU T ¥E A 2 ) 9 J 30 T sS A i b - e v 4 K
T AT BT AS B H (R B SR BN T 3 5 AR A Y R B VR R ) R SR A A S SO S A O R
FOT A BEYIAL

ARSI R, 525 5 R A A [l A AR A TR 3 i TP & (F 4) o A T 5
VLS 55 00 1, S 5 i 1 - 3 Y TP A BB N T 20.0% F1 7. 1% 1T it 1 4 3 T 12.0%
18.0%, T 38 TP S AE IR 1R 5 /i A AR 255 20 40 i A5 W 5 0 vl 0 A /R - B8 sl ko7
TR SOV - LR BE 1 A BB AR i 2 B SR AR 9% X 16 1 %) o 2 PR Pk 3 4, e se iy Vi b -
e m i TP LA ) i AT R 55 5 0 i S W B A — e R R T A B (LB U, A
A ASHIE S T A A Wb A R AR AT B T G2 it 2 5 SR T 2 AR 25 ) ) R S R v R R 0 Y 3 R
3, NI A A — s R T 4ERe 38 F i 10 b R e R AR O R o
3.3 BHh BRI A AT 1 B R R

SRt BB M P 5 5 S A A (R e A P R [ S B B B A Y SRR R 2R X 3 R
M IR 53 S AT LA . SRR, AR AR B PR FE 4 (PCAL AT PCA2) BRI TT
Fik %Ry 88.62% (18 4) . Hirf PCAL BT RN 50.10% , AT B2 138 W0k 20 il ( Bk Bk Fbkn ) g
PCA2 [ TTHR R Hy 38.52% , Al BAEZ il ¥ PEER (EC) 1 pH M6, #2520 W1 &I, Resin-Pi Hl NaOH-Po 5
PCA1 FEAERSRAR JEE | 1T NaHCO,-Pi Fil NaOH-Pi 5 PCA2 FEAERRA e . A2 48 10 Hb $2 BUAY W6 > 32 i 2>
(PCA1 il PCA2) BIT Mk %A 92.07%, HH , PCAL (TR E N 52.30% , v A 2 4 9 Wik 4L i (W i
ROFERRL) AR ; PCA2 Y DTHRE Ry 39.77% , Al B VEZ AT (EC) AU AL RER . i — L i ki,
NaHCO,-Pi Fl NaOH-Pi 15 PCA1 fE7ERSR A DN, M Sonic-Pi 5 PCA2 FAFERSSRANICHME 48 M9 20 R B
FITA F 5 (PCAL AT PCA2) BITTiMkRik 92.97%, Hiip PCA1 M BTMkR K 85.55% , il B A J2: 4 e ik
ZH R BRI RNRDRL ) 4 BRI AT PEER (EC) AR 3R, PCA2 Y TTER %N 7.42% , AT BAE S A PLR IR, #—
53 M7 &3, NaHCO,-Pi Fl NaOH-Pi 5 PCA1 FEAEECH AR M | 1T Resin-Pi 5 PCA2 FEAERCHAR CHE
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PA
HCIPi - aompi
TotalP Moisture N4HCO;Pi

RS2 PCA2(38.52%)

FE RSl PCAT (50.10%)

10 f 1.0 |
PA-CM EC cM
SOM
= . L ResinPi
= S Clay -
= @ SonicPi
A ~ Moisture |
:l’ : NaHCO;Pj
S Silt 5
=% =%
% ResinPi _.‘%
= ES
§ NaHCO;Pi ﬁ
= NaOHPi = | EC
Clay Moistu BD
H ResidualP | HCIPi oisture H
TotalP SonicPi
SOM
“10 -1.0
-1.0 1.0 -1.0 1.0
E RS PCAT (52.30%) I3 Hrim 1 PCAL (85.55%)

B4 B TERRERSESRERFERSSHN
Fig.4 Principal component analysis for phosphorus forms and environmental factors in soils of different marshes

EC: HL 5% Electrical conductivity; SOM; t3EHHLIT Soil organic matter; BD: 3% Soil bulk density

ZICB LN RN Gt ik — 20 R W, 23R R b+ 35 1Y Resin-Pi & 2728 1k 3 22 52 00 W0 R A AL BT 1) 52
(R*=0.599) ,NaHCO,-Pi {5 & ARfb T2 Z Rk 2 A AL A5 (R =0.811) ,NaOH-Pi % 848 fb F 27
pH Fl EC (5200 (R*=0.730) ,NaOH-Po & A8 {b 32837 +HEK /3 ARV RLAY 2 (R* =0.491) , Sonic-Pi 1 #748
b EEZ EC 52 (R* =0.648) ,HCI-Pi & i A8k £ 27 pH EC F-EHDK M H520 (R* =0.909) , 1fii TP & i
AL EEAZ BEC BRI (R*=0.746) (£ 4) , 45 380 NaHCO,-Pi l NaOH-Pi & A8 fb i £ 2z +
HEK A HIRZI (R =0.357;R3=0.576) , Sonic-Pi % it 48 b F %52 EC Fl 48K 5319520 (R* = 0.698 ) , HCI-Pi
TP S8 F 8 A2 BEC B0 (R?=0.277 ;R2=0.532) , 1fii Residual-P & 284k B2 A 5 AU 5400 (R =
0.252) , JEMFEA IR H3EY) Resin-Pi & A8k B Z BB 152 M (R* = 0.311) ,NaHCO,-Pi & A8 fb 32 %2
% pH EC R T 0 (R* =0.893) ,NaHCO,-Po & 781k B Z WPk Y52 ( R* = 0.508) , NaOH-Pi &
B B AZ AR (R = 0.768) ,NaOH-Po & 75 fk 3= B2 25 AL (R® = 0.262) , Sonic-Pi 7 #7251k
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FEZ EC ALK RIS (R =0.532) , Residual-P & A8 fb T 22 25 T U520 ( R* = 0.283) , 11 TP % it
AR A, T FEAZ A F PRI (R? =0.655) . X 5 Bk T B AR C S50 3o — 8, &5 b, ek
PRI R R R B AR AR B R R, A, PSRN bR A7 EC pH A 38K 43 (5%, kgt
FEAENRHAR £ EAZ BEC MR T AR, i3S 1R A £ FAZ EC AN+ 3K 43 B35, X B 45 SR ik — 20 i 1
AR A ety Y b T B A B S SO R R E ek B B R 42 e EC R pHL TR - 38 A ] g
TEASBYAE S AR A = A FEREZ 0, X T 3 it 4 58 rp ) HAM BRI 2T 5, 38 A0 4otk 101 H 43 M vh Je AT ] P 5
AT R, VLI AR b 37 R R AR B S ] REA M E 2k (£ 4)

x4 EMTERREBAS SRERFZ EERSLEDERM T

Table 4 Stepwise regression analyses for the relationships between phosphorus forms and environmental factors in soils of different marshes

b s Il 4 e »

Marshes Forms Regression equation

PA Resin-Pi ¥y=-63.307+16.178x,—1.255x4 0.599 0.001
NaHCO;-Pi y=256.504-62.981x,+81.665x5+1.517x 0.811 0.000
NaOH-Pi y=1393.869-232.898x,-26.910x, 0.730 0.000
NaOH-Po y=-24.503-1.340x4+1.96 115 0.491 0.006
Sonic-Pi y=48.167-8.282x, 0.648 0.000
HCI-Pi y=949.161-37.351x, —177.380x, +4.999x 4 0.909 0.000
TP ¥=990.002-136.637x, 0.746 0.000

PA-CM NaHCO;-Pi ¥y=-36.371+2.216x, 0.357 0.009
NaOH-Pi y=-139.622+7.591x, 0.576 0.000
Sonic-Pi y=11.864+0.493x;—2.549x, 0.698 0.000
HCI1-Pi y=282.486—-19.845x, 0.277 0.025
Residual-P y=-251.057+454.556x5 0.252 0.034
TP y=1058.354-113.228x;, 0.532 0.001

CM Resin-Pi y=-21.060+2.717x¢ 0.311 0.016
NaHCO;-Pi ¥=561.43-10.391x, —69.629x, -2.716x4~51.959x5 0.893 0.000
NaHCO;-Po y=42.485-0.520x, 0.508 0.001
NaOH-Pi ¥=95.993+4.879x 0.768 0.000
NaOH-Po y=64.396-43.789x 0.262 0.030
Sonic-Pi y=88.435-5.003x, —0.923x; 0.532 0.003
Residual-P y=343.240-271.150x 0.283 0.023
TP ¥=128.948-594.779x5+5.500x¢ 0.655 0.000

Xy EC; Xyt pH; X3 j:%ﬂ(ﬁ': Xyt i%ﬁ’dlﬁ, X5 ﬁi, Xg 2 %ﬁ*ﬁ, X7 *ﬁ*jﬁ, Xg M*ﬁ

A [RI R IR 25 18] B AR SC 3 26 B, 3 A2 M v NaHCO,-Pi 55 NaOH-Pi ¥ 5 #% i 3 IEAH % (P<0.01)
NaOH-Pi 5 Sonic-Pi ¥J5 i 3 1IEAH X (P<0.05) , Sonic-Pi 5 HCI-Pi #45 BFEA ¥ (P<0.05) . H2Z A6, 2%
T NS T P A NaHCO,-Pi 55 HCI-Pi ¥4 8 3 1IEAHIE (P<0.01) | 1 0 I3 2 W0 Ml I AN A7 0 AH DGR
B, RS RR CRRIBE A Z RIOCR B Y H AT R [ W — AN, BB fhad B2, P68 1 nl g, =5 5 it
FEA A AS (A1 T 28 T Ml S A O, R R S R T M A R 2 K pH (B L) B Fe (AL B i 5
b B I AR AT AR W A 5 AR T A A M M — 2 e B, S b o s A RO 2 AR (B
KRR ) (EC A1 pH RS2, J6 31 Vg b 32 B2 27 A SO 21 A OBk AR KL ) (EC R LT RZ I 11 28
Gl T b o A7 A SR NSURZH B Rk RN ERRL) (EC A AILTT Y R, T B R R R A 1 25 (R SR A — AR
JE 12 T s 3 ORI A 0 G AR R 2 X R AR 5 3R 1 R 9 N b A 3 Ak ) A AR —
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B, P, ™ 35 S R A ) A T AR AT R BE 2l e S0 it - S A B faod R 1 R b SR AN TR 25
AT L ML Z T A (3R 5) .

£S5 EMTENAERBBELSZ BAEXSHT

Table 5 Correlation analysis of different phosphorus forms in soils of different marshes

jinai Iz

Marshes Forms Resin-Pi NaHCO5-Pi NaHCO5-Po NaOH-Pi NaOH-Po Sonic-Pi HCI-Pi Residual-P
PA Resin-Pi 1

NaHCO,_Pi 0.036 1

NaHCO,_Po -0.118 -0.171 1

NaOH-Pi 0.243 0.938 ** -0.210 1

NaOH-Po 0.200 0.158 0.107 0.324 1

Sonic-Pi 0.602 ** 0.675** -0.053 0.836 ** 0.362 1

HCI-Pi 0.435 0.674 " -0.103 0.791 " 0.418 0.820 " 1

Residual-P 0.152 -0.343 0.433 -0.257 0.047 0.061 -0.163 1
PA-CM Resin-Pi 1

NaHCO4-Pi 0.513* 1

NaHCO;-Po -0.245 0.316 1

NaOH-Pi 0.110 0.922 %" 0.231 |

NaOH-Po -0.015 0.252 0.415 0.042 1

Sonic-Pi 0.413 0.743 %" -0.019 0.885 " -0.190 1

HCI-Pi 0.455 0.341 -0.373 0.433 -0.305 0.670 "~ 1

Residual-P 0.206 0.187 0.206 0.215 0.043 0.356 0.317 1
CM Resin-Pi 1

NaHCO ;-Pi -0.407 1

NaHCO;-Po -0.270 0.432 1

NaOH-Pi -0.486 " 0.853 " 0.584 1

NaOH-Po 0.038 -0.004 0.026 -0.054 1

Sonic-Pi -0.087 0.457 0.443 0.633 " 0.112 1

HCI-Pi 0.326 -0.158 -0.127 0.041 0.340 0.544 " 1

Residual-P 0.285 0.081 -0.093 -0.118 0.378 0.257 0.421 1

**P<0.01; *P<0.05

(1) AR b+ 5 rp BB 58 3 2 R 2 R B4 HCIL-Pi>NaOH-Pi > Residual-P >NaHCO, -Pi>NaOH-Po >
Sonic-Pi>Resin-Pi>NaHCO,-Po, H:H MEMASHEE S TP B9 L5 5 (48.3%—51.1%) , 155 i i S IR 2
(37.4%—38.8%) , M 5 "t A5 eAR (11.5%—12.9% )

(2) P35 58 T AR 2 [ R Y ) 3 oy 1 38 b 5 o i Al L b 45 5 0 il AT R - Ff Al o
AR T A T W 4 A AR T B O LR b A R M A R S T 10.6% . 19.2% F1 22.6% , A L T
HEIBH AT R T 1.6% 11.5%H1 16.6% , R 55— F a5 6] P i 72 v 28 4tk 10 1 398 PR 0h 1 S 45 1)
BEEEL R pH LAK Fe (Al B i AL Gl Ve W b & 2E B J O3 A ¢

(3) 35 S T A A 25 () R A AR el AR T 1 kb S TP % R A AR T S T b R Y
H, AR - S TP SR> BN T 20.0% F1 7.1% , Wi WAl 4> W30 T 12.0 %1 18.0% , 5 WA A2 47
D b g EA A ) I g

(4) 725 S A A 28 ()9 RN E 0 T M - S b B A TR, 1T HLIR 7T B 8 AN W] Bl 245 =2 ]
ML, A8 EE T IR B AR IR D AT B T 22 i =5 5 A e A s ) 9 JR ok R rh Xl R A i e 4 R 7, I
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