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C AL BTG I 2 BRI 25 Bt , /K PR ML [ T i 9230 3, 100875, b 50)

FHE DL 08 2SR o TR R X 4, L BRI 22 4 IR 4E 0~100 >10~20, >20~30 F1>30~50 cm
() - SJEAE , BIFS BECRT 1 3 (]2l 7 5 N, A DR R R AU(TIND L BB (TP) o BV (TS) RS (TKO) it i 34U it 1 1
28 B S AR AR AR AR S R [ R L 45 SRR WL ST X 0~50 om A 30 A TN AL TS B 2 F08E 1k LAY B oA
68.19~421.29 Fi1 356.15~935.77 mg + kg ', SR T A E0UAR, Higm (8N BAERZE T, 78 3 A b R /B
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AT 1T, B AR i v, 3R A R SE K B R R
o AT 1 SR AR R AR A R GO JE IR A K i M R K
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T RS 4L A R X Y A AR —.

1.2 HRERESSH EE AN, S
SR b A N SRR DX B, 1% X B SR R LA
Mo, H 5 AR 3% B vk 22 RSB . fE B
] 0 e N 3 R A R SR T R GE, A
B HICTE ] 1T G AR R o A, RE A R Y 2
200 m. HIERESRESHERF(8H) . KT
(11 A FRAERZE(4 7)) 47, £k E +
HEHIT, #% 0~10, >10~20, >20~30 F1>30~50 cm IR
KA TR, 2 M A EE, KA E L
EHRE TR A, L34S 36 MR A L IEREN . [H
st 5 FH 3 0 BOBCIR A, 0 A A R RN K A R
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37945' ¢ == w |
= il
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37°40' t
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3 M 95 Ne 2
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119°5"  119°10  119°15" 119°20 119°25'
B1 BAORERME

FEAG T RE BB B AR s s, KT
3 JE G, BIBR A BRI P R AR . K — 35 o KT L B
J& )5 i 0.85 mm i, 1 5 4 4 pH A HL 5 3% (EC) 5 %
5 — 3o K L RERF I i 0.149 mm §, 1T 00 2 H
ffb 2z A5, 13 pH M SR OK L& R 1:5)
Sy S FH pH TR R BE 1 5 5 - R % R K R
Fb SR FH ML 1 35 0 2, K 3R TR 4B i REFE 105 °C Mt
R PUHL 24 h F R E E ;R (TN 2 B
FH G2 o A A 22 5 £ B AL (SOM) Jii 2 73 BUR
FH A% TR R B I LG €8 s 5 A B (TP) L
W(TS) . M (TK) . 48 (Al . 8 (Mg) it & 4 5 4di 1
ICP-AES HiJBHE & 45 55 (O ik 430 &
1.3 HIBAIE NS BE AT R,
A2 A R E R AR A AR

S(TN) = p,-w(TN)-h-107, (D
S(TP) = p,-w(TP)-h-107, (2>
S(TK) = p, -w(TK)-h-107, (3)
S(TS) = p,-w(TS)-h-107, (4

Ao S(TN) Sy 4 38 6 & At = (TNS), S(TP) i + 4

S B At 1 (TPS) , S(TK) & 4 18 5 8 4if i ( TKS) ,
S(TS) g + 3 Bk & (TSS), i R g - m> p, H
+ BE% B (BD), 47 A g+ cm?; w(TN) . w(TP) .
w( TK) Fl w( TS) 43 51 b 4= Y8 22 2 TN, TP, TS f1 TK
0 5T A, B R mg - kg s h R R IREE, B
g em; 1072 S BN A R B 45 AR TR B R 0~50 ecm B
it 1 0 % )2 (0~10, >10~20. >20~30 F1>30~50 cm)
fith 12 (14 1.

2 FER5VHR

21 BETFAFEHITELEREZRESBMAST
o T FFE

210 R ERME»Z(W(TN)) WK 2MFE 1
BT 7, 0 1] A 5 45 00 # 0~50 em 43 w( TN) 28 4k 78
Filh 68.19~421.29 mg - kg™, 31l M 214.12 mg - kg .
LEWF 98 8 N 0~10, >10~20, >20~30 1 >30~50 cm +
21 w(TN) ~F 2 1E 53 51 24 290.55. 195.26. 198.55 Fll
172.13 mg - kg'. 2 -3 w(TN) 2 8L “ S” I8 &l 1fif 43
iR, Hop 0~10 em + )2 £ 35 &, >20~30 cm +
25 T >10~20 cm + )2, >30~50 cm + 2 f K. MY
FRARIH S 2 v NG R B F B AR, i b
BB A3 R F R T IRUTRE, UL )2 1 HE N i & o
B NEW AR, 3 w(TN) f & 2K 2
M FE BE L RERAE, S 5{E 5000 262.27.
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551 0] B A5 TR L R S M A YR R 0 B S B A AR AR A 45
x1 HETEAEEMTIREFRERFYRESBEIE I TNETLTLRE
AU (mg - kg™)
AR HHERE /em
CES e T

TN 0~10 314.10+42.15bc 176.99+2.78ab 380.56+35.35¢
>10~20 190.73£117.07ab 179.22+22.24ab 215.84+14.54abc
>20~30 180.59+42.29ab 138.41+30.98a 276.65+24.79abc
>30~50 200.38+101.69ab 139.97+£55.59a 176.02+69.02ab

TP 0~10 637.41£106.86a 584.71+£21.75a 597.18+80.16a
>10~20 644.02+73.43a 585.21+17.25a 589.58+42.91a
>20~30 641.69+81.63a 592.62+15.21a 632.99+42.99a
>30~50 655.66+72.52a 565.41+26.65a 499.19+106.05a

TS 0~10 614.06+47.66ab 534.47+37.87ab 815.85+£135.22b
>10~20 579.79+18.56ab 529.81+40.06ab 638.92495.92ab
>20~30 562.12+41.15ab 513.97+26.41a 646.22+40.33ab
>30~50 584.73+£90.23ab 636.70+£182.94ab 515.14+177.26a

TK 0~10 21612.14+1007.39a 19537.32+1440.82a 20704.56+£2538.3a
>10~20 21448.32+1005.36a 20965.61+186.11a 20116.65+911.29a
>20~30 21381.78+119.02a 20240.28+1702.65a 23095.22+235.53a
>30~50 21863.04+1555.05a 19879.73+1374.94a 21049.18+2 164.44a

VE: R B A VI B2, R bR AT AR /NS - BRabe 2R S+ H i i 51 22 53 (p<<0.05) .

221.45 1 158.65 mg « kg™, Ho P 7 + HEH Z 0~10 cm
b 7= A5 AR AR 22 53 W 3E (P<0.01), X Al i £ 3 545 Y
ARAMRBCAEA K.

212 XEEBFTES>HK(W(TP)) WX 0~50 cm
+ 1€ w(TP) ZE 4k 75 Bl 4 379.8~728.3 mg - kg ', “F-#41H
7 601.26 mg - kg, ZEBFFEHIN 0~10, >10~20, >20~30
F1>30~50 cm 1 J2 w( TP) -1 73 5l i 606.43. 606.27.,
621.11 Fl1573.42mg - kg, LI FEZ H KT >20~30cm
+ 2. DI AR A AL W ] ey )
8 IX ok - Rl 25 ) AR AE B, AR B R 1
T2 w(TP) K T F )2 5, H K AT g 2 o
T Ml - 1 2 2 W 3R TS ) 32 K AR I R S A T
TR N ARORE, BRI S, E 2 w(TP)
i (644.70 mg - kg'), 7 4= (574.89 mg - kg™') Fl Bk 2
(581.99 mg « kg") ZF A K, BN Z B AFFLE B E
PEZR. w(TP) E BB &M IEE i 5 F—4F il
Yy 52 FURNA 38 0 DL K B 2 A A 04 Wl T e )
Ak,

213 R EARREHH(W(TS)) WFFIX 0~50 cm
+ 38 w(TS) 25 1L 5 BBl 4 356.15~935.77 mg - kg™, -5
4 596.26 mg - kg''. TH TP S KM, HILT
A AR B, AT AN AR A T DX rh R AR
Hi 4 5 w(TS) %5 &, 0~30 cm + 3 w( TS) Ky 753~822

mg - kg '(WL3R2), X 5AWF 5 45 S AH . WF 58 3 N
0~10 cm, >10~20., >20~30 fl1>30~50 cm + JZ ' + 3%
TS F ¥ i = 5 %4 43 3 A 654.80. 582.84. 565.09 Fll
578.86 mg - kg . +3E w(TS) HA W WAy 245 1 22 57,
HF-H44E ol 2R P 2 U 22 (654.74 mg - kg™') .
5 7 (585.18 mg - kg'') . Bk ZF=(553.74 mg - kg') . &£
JZ 58 (0~10 cm) w(TS) 51, H HA7 B iy 2= 45 A2 k.
FEAR 2, N [R) ) TR B 4 RE S w( TS) Z (Rl 7 78
BEER, KELEwWTS) BEETIEEZE LE(P<
0.05). AWt R, AL S &N L)Z2h LSS
A A R P BT X LU VR ) LR 18
T, S& Rz W, 3F w5k 1+ i
w(TS) 1 &I 43 A 7228 Ak 10 215 30 3.

214 BEIZAFEHHWTK)) WX 0~50cm F35
w( TK) 25 4k 5 Ky 17852.41~23265.30 mg - kg', -1
fH & 20931.04 mg - kg™ #fF 5% ] 4 0~10, >10~20,
>20~30 F1>30~50 cm + )2 it + 3 w(TK) 353514
20618.01 . 20843.53, 21382.08 Fl 20930.65 mg - kg,
ANFIREHLE] ) 22 A K. HFSZ I w(TK) 2 57
R, e KA 1 AE >20~30 em + )25 B B IR 4
JZ 13 w(TK) 25 58/ 5 X0 Wy 88290 X6 53] = 1
PR M 0~60 cm - HE w( TK) /9 1 52 (12.40~15.45
g - kg, UL 2) A H, AHIE ST N AT £ 3 w( TK) 55 &,
8 H BB AT AR 20 ) 11 2 258 £ 19 (20.69~23.38
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2 ARAOFFEMTIENERERSS
w/(g - kg™)
5T IX 3, +JZAE em ™ IS - G/
[HpANE] 0~50 0.66~1.80 0.36~1.51 1.17~2.32 SCRRI23]. [9]
A 0~40 1.06~1.95 0.22~0.27 20.69~23.38 SCHR[4]. [30]
KL 0~20 0.20~0.70 0.44~3.38 SCHR[41]
B [ 0~60 0.03~0.33 12.40~15.45 SCHR[31]. [29]
0~50 0.48-0.58 SCHk[42)
0~30 0.75~0.82 SCHR[27]
0~50 0.07~0.42 0.38~0.73 0.36~0.94 17.85~23.27 ENGEN

g - kg™) P X AT RE 5 A 0 Ml 0 A5 8] S BT MR A OG.
22 HEHEAEEMIELE REREENNETSSE
FFAE

221 IEERAMEE (TNS) WK 3 s, # O
T B P25 2 4 0~50 cm - 3 TNS 4 109.66~227.36
g - m 7, KT VL KV T 0 b - S () R
) TNS( UL 3% 3) B 58 ] 4 0~10, >10~20, >20~
30 F1>30~50 cm ¥ FE 4 A A B 4 00 ARG Y
27.46%. 19.37%. 19.10% Fl 34.07%, H ¥ 0~30 cm +
JZ TNS /5 [ 65.93%. iX & B 3 TN = 22 6f 47 1
AR BRI Z 0 TN i B A A Z M, X
b5 57k I S B X T = A U 35 Eh R 0 IO
SERAHRL. AR, KRR, 22
+HEZ B R AR R IHIE . KN UL AL b 2% 4% I
ANSE N AR Zm, BN R Z gD &
A BRI NETT MK E, 0~50 emt 1 TNS 2 8

250 ¢ 0~10 cm =3 >20~30 cm
"I' >10~20cm 3 >30~50 cm
200 +
~ T
E 150 | T a

800 - 0~10 cm =3 >20~30 cm

>10~20 cm 3 >30~50 cm

B BRm, AR R 2R AR, Horh e
{8 A 2, -1 TNS 2 191.96 g + m2, F AR AE 1
PRAE Bk 2= (14049 g - m2) . 5t 0~10 cm + )2 1M 7, Fk
7% TNS i % IK T 5 7 & 2 (P<0.05).

222 IEEBMHE (TPS)  HFFEIX 0~50 cm + 1
TPS 4 350.74~625.27 g » m 2. M A [a] I8 B Sk &, BF 5%
BN 0~10, >10~20, >20~30 F1>30~50 cm + JZ H' +
e TPS 43 il AL % B A 20.05%. 20.49%. 20.57%
1 38.89%; 5 TNS M, 0~30 cm + J2Z /5 + 3 TPS 11y
61.11%, >30~50 cm 1= JZ #9 TPS /5 b K T 38%. £ #f
FEF I, 58 P AR FE b IR BT RS A, PR
B 1 B BN AT AR O M AR R 4 (R ok 122 33,
0~50 cm 11 TPS HA W 3 1Y Z= 15 28 L FFAE (P<0.05)
M ZE R B R AR B R BRI, e v {E
PRTE 2=, SF By Gk ik 578.91 g - m?, 1 B 2 F Y if
IR, AU M 398.62 g - m?2. EZHIEE HHER P %

800 0~10 cm =43 >20~30 cm
>10~20 cm [ >30~50 cm

600 -

25000 0~10 cm =3 >20~30 cm

>10~20 cm [ >30~50 cm

FE wE B
HEs BRGNS SR R R I R B R L M A B IR (P<0.05) .
E3 BEasEERt R FERMBNESBHEH L



#1

B RS BT 90 [l 7 45 30 e A PR AR A I s 3 25 AR AR AR 47

2 AR Ak & TP A R T AR A R BRI,
>10~20 cm( P<0.05) 1 >30~50 cm( P<0.001) + JZ Ay
TPS 7575 22 5 Kk 3 W F K, B2 B & T
BEKEETEENEYAME. AR RV
PP RS RZE PR R AR,
BB PIEX PR BRI T R E L IE DR P A
i T 58 TPS fe A AR 2 2=, T RE S R K VD
TR AR KEPICERA K.

223 EEEmAME (TSS) W5 X 0~50 cm TSS
4 331.15~575.70 g » m>, fIk F [ 1 11 25 =5 02 Hb [] 45
R 1 2 TSS(839.34 g - m2, W3 3) UL BFFE M
0~10, >10~20, >20~30 F1>30~50 cm % /& + 3 TS

o450 101.32, 97.50, 94.13 F1195.96 g - m 2, 43
s R 21.37%. 19.78%. 19.10% il 39.76%;
0~30 cm + )2 5 + 5 TSSHY 60.24%, 1fi >30~50 cm +-
5 TSS 5 [ 42 3T 40%. M ZE 15 846K F, 0~50 cm +
2 H Z5(521.96 g - m?) Flfk 2 (516.33 g - m?) TSS
MW E T HEZ(49290¢g - m?). B2 1020cm +)2
W+ 4 TSS B i T % 2 (P<0.05) ; 11 >30~50 cm +
JEr e TSSN 2 I E AR B K T/ %, RETE
it ot 2 vk 22 7 (P>0.05) ; 1% 1 )2 TSS Ay 2=
UL B R R A A T 8 TSS 2R AR

xR3I TRAMOFAFEMTRERERMHE

S/i(g+m™)
BRI HJEHEfem TN - S -~ BRI

UIPANS| 0~50 201.27~640.05  313.80~523.61 839.34 3CHRI23]. [9]
AT 0~20 216.89~956.47  133.99~217.54 SCHR[34]

FSUNE S FRY 0~50 363~510 SCHRS]
B 0~50 57~244 204.13 165.36 SCHR31]. [27]. [41]
B 0~50 109.66~227.36  350.74~62527  331.15~575.70  12220.77~19780.33 ENGE

224 I EAVEEE (TKS) 7EARZFET, HF5EIX RDA 73 Hr 45 R W, 4 A HE P BRI 23500 0 0.4447

0~50 cm + € TKS & 12 220.77~19 780.33 g+ m>.
iff 53 W1 9 0~10, >10~20, >20~30 F1 >30~50 cm + )2
B 18 TK S35 6% 84301 R 3399.64, 3529.79., 3552.37
703381 g - m2, 5350 bl A 19.41%. 20.15%.
20.28%. 40.16%; 0~30 cm + )2 7 £ 1% TKS 1 59.84%,
>30~50 cm + JZ b 4 TKS 5 O i 40%. 75 35 B
HABENRR, FERZNDZE LRI K —
i S I 157 S B e o N W Wl o g
MR ZAF A 22 7 ™. L 88 TKS i = 9 B LR ik 5
P AH AL, 0~50 cm + 3 & 2% TKS(19 318.73 g - m™) /&
THR(18209.34g - m™), Bk THAR(15018.76g - m™),
HEARBEMZR(P<.05). EZF . FZFE>10~20 cm
T )ZE b+ 5 TKS U] & i T & 2= (P<0.05), T & &
>30~50 cm 1 )2 FP £ 58 TKS W i 55 T #k 2= (P<0.05).
23 TEAREZFRENVIABESLETETS
BOSKF BT = A U () 5 e R PR R
Joi 5 53 HL ) RDA 3 B 45 2R 4 181 4 fr s .y &1 4 n)
AT, AR5 DX M A A YR R R A o A A B
W27 25 5 B BREG BB 0 A AR bRl 5 — 4
B B e e Fl i), RS =2 BRI
SEVOG R BRRAE L o A B AR, FE AR

B SR, AN IR A )2 A FE 5 OF A B B IX A O

0.2378. 0.1226 F1 0.0437, Hrh{j 3 Nl 25 5 i R T
80.5% %) BRI 77 22, ¥R A8 i X + e A P 2L &R il &

1F

Sp53
I’o 5%12

Spi3
5

Au51 Aull
a a

a
Au32
Au52 Au2l
at

Aul2
Au232Aul3
A
Au22 3

Aus3 Sp w(TC)
w(C)/w(N)

Su22\

o

su32 w(TP)
Sus2

Al

-1k ,
- 1
W B SR REMN IR, B5 PrRR R R

FH (SuRPNEFE, AuRBKE, SpRAREF) , fisHE

— TR LEEE (1FRR0~10cm, 2 FR>10~20 cm,
3R AR>20-30cm, 5 F#R>30~50cm) , T A TR KE
g 5. B AR A 20503 B R R A AR R R

B4 HAOHETAEEHITIBEEFREZRENHS

TIRIFET E K RDA 4
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557 %

R R R IA B T 86.7%. WA 4 Fr 7, fi b
1E 7 ) AR T 3 v B K SRR e T B
Bl G707 ) RAE TR A b e AU L AU OE
] FAE T e MY &5 BC; Bl iE Iy 1) R G\ b £ g5 ) %
fE TR @ &Y & 5. R FE S 5 1 Ok
B, EHEYARKERI(E ) + 584 IR 2R a7
Bz Z R HE (AL Mg, % ) MEEG 52 m, fEH Y
PR (FkZ2) B2 AL, Mg %0 H 52 70A ¢, i 78
R A KA (5 2) W) 322252 5 7KK | EC Ml TC R 0.

T b - 398 1) B A 1 A A% S ke - 398 455 R IR B0 D
B KA. 7, 5 e I A ) A R ORI I8 R, DT I 24
FHEPEFOCRERN G EDL H RDA AL 2 5
fiff R 7R i X I B 2R I fR A sx A AT 0 (1R 4), 4
FKF L TC Y KX - AR R ZE R v SO N i & 47
HRY 3G INE I [ R, T - 9 R R R R R0 S E Y
R )k H A R e . A G 43 BT R T R AR 45 R
(Fs)thEx, 2HINFESHES HHESKE,
TC. EC. B TG HLEK . Al &2 i 2 IF A 3¢ (P<0.05) , 1M
5 s kA T R B U O (P<0.05).
+ 5 SR S TC B o Bl 2 R 3 I A G OG
Z(P<0.01), 5k & i & b 2 W 3% A 6 o6 R
(P<0.01), 33 15 B 8 7] 11 25 0 M 4 38 o NA f 5
fie 132 BRF TC ik 70 85, — 7 ¥ [l P9 0 e 280 I L
AR T A PNk, DT Bk N gk B
- HE TS R RS Ead AL N T 2

we . o0 (&) 10
w © @ o e o 0.8
pH
082 |EC ® 0.6
0.78 rTo9O@e @ eee
Tic| @ o0 0.4
053 ~0.68-0.52C/N ® O 0.2
00®
0.79 Mg (@] 6] 0
0.57-0.53 0.81/0.44-0.87 N ® o
075 . r—0.2
0.48 0.55 0.51 0.65 TS '_0'4
TK
0.54 0 ™~ Q@O B-06
TPS ..
0.63/0.83 | TSS . -0.8
0.930.82 TKS
-1.0
H WCRZEBAKE (%) , BDRE LM
(g-em™ , ECAKLIEHRTHE (mS-m™) , TCH TIC 53 4l
AR g8 e Bl R 0% S T LR T R B (g - kgD, CONARE

AL, AR Mg RSB HBMEETRE 2 (g- ke .
R TR N BT AR B B R (P<0.05)
MR R, FEPTRARERENE (P>0.05)
Es5 BAO#BEGEFAFEMIIEERESR
S5TEFELTENERXR

AH e (P<0.05), {H £33 TKS 53X 86 - JEFR B5 [ 1
PR 5L A G (P>0.05) . 34 HLT TR N A
SEHRHSER &, X EHELMSTES O
AT XLREVNEFEM., T8 %S00
KRS SR BT = A YN T M S ) T
ABRZ —, XU - ERELMBMRELHEECS
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Dynamics of soil biogenic element in Phragmites australis
wetlands in intertidal zone in the Yellow River Estuary

WEI Zhuoqun BAI Junhong" ZHANG Ling ZHANG Guangliang
WANG Xin WANG Wei JIA Jia

( State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, 100875, Beijing, China)

Abstract Wetland soil serves as source, sink and transfer conduit of biogenic elements. Soil profiles to a depth
of 50 cm in Phragmites australis wetlands in intertidal zone in the Yellow River Estuary were collected at levels of 0-
10, >10-20, >20-30 and >30-50 cm in three sampling seasons ( summer, autumn and spring). The spatio-temporal
dynamics and influencing factors of contents and stocks of biogenic elements including total nitrogen ( TN), total
phosphorus ( TP), total sulfur ( TS) and total potassium ( TK) were examined. TN and TS contents in the top
50 cm soil were found to range from 68.19-421.29 mg * kg™' and from 356.15-935.77 mg -+ kg', respectively.
Contents were the highest in surface-soils, the highest in the spring among the three sampling seasons. TP contents
were found to vary from 379.80-728.30 mg * kg ™', with more uniform distributions, but with the highest content in
summer season. TK contents varied from 17 852.41-23 265.30 mg - kg™', with no obvious profile distribution. Total
nitrogen stocks (TNS) in the top 50 cm soil were found to be 109.66-227.36 g + m 2, total phosphorus stocks (TPS)
350.74-625.27 g - m, total sulfur stocks( TSS) 331.15-575.70 g + m?, total potassium stocks ( TKS) 12220.77-
19780.33 g - m . Biogenic element stocks were mainly concentrated in the top 30 ¢cm soil. TNS followed the order of
summer, spring, autumn, while TPS and TKS followed the order of summer, autumn, spring ( P < 0.05). TSS in
spring was lower than in summer and autumn. Redundancy analysis and correlation analysis showed that total soil
carbon, electrical conductivity, Mg and Al were closely related to contents of biogenic elements. It is concluded that
total carbon content and carbon-nitrogen ratio were important factors influencing TNS. Bulk density, moisture content
and electrical conductivity were important factors affecting TPS.

Keywords  Phragmites australis wetlands; wetland soils; biogenic elements; stocks; profile distribution;

seasonal dynamics
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