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TR GE VTR TED NS SRS B 2R B 1 RBE R 280, KRR H IR E 5K
TEVCERS R BIRZAN KR, FERI0~10 e IR FE 3P BT R & AN T

FIF Origin 9.1 # 44 A1 Surfer 17 84F, 21 .
2 GRG0
21 ERMHSTEFHRTRNETRRE
B 1 AT, RO 26 EhH 6 AR AFE A 0~
10 cm+10~20 cm.20~30 cm F130~40 cm ¥R+
b oot RO R L4 i & KR 25.07~
36.05 g/kg. 30.68~42.32 g/kg. 29.92~39.71 g/kg
H127.75~40.30 g/kg 2 [a], HAh 70 2 i &= L 7 il A2
1 7E 327.4~431.8 mg/kg. 385.5~1 081.6 mg/kg.
512.4~787.4 mg/kg F1 556.5~860.7 mg/kg 2 [f] .
SRAE A1 RAE A2 R AE A0S 1 10~40 em ¥R
HIEF SR TR S ER K.

Eh373
m/a

xRl RREE

20~40 e IR L B3 B TORFERLLAN, RARFH
VA S 5 AN RAE S I 0~10 cm IR 3 )
R SRR /N T 20~40 cm IR T3
X P2 RV 6 AN K FE AR 0~10 cm.,
10~20 cm+20~30 cm A1 30~40 cm ¥4 J& + 15
1)k 7C 2 o1 = b4y il AR A 7E 29.83~36.06 g/kg-
27.60~44.09 g/kg. 34.55~41.27 g/kg Hl 19.83~
41.06 g/kg 2 1], I 4 o6 2 i & b 43 ) A8 4k 7R
397.3~832.4 mg/kg. 346.9~856.1 mg/kg. 544.7~
888.1 mg/kg A1 433.2~855.0 mg/kg 2 [A](#£ 2). K
FE 5 8 FISKRE £ 10 1) 10~40 cm ¥ FEE 4358 v (1) ik
TCE S B RFE A 8 1 10~40 cm IR IR
KA T10H0~30 cm ¥R IR ME LR &2

TRRETIRPHRTENETESE

Table 1 Contents of iron and manganese elements in the soil at different depths of natural Phragmites australis salt marshes

+ 7 ¥ (cm) — — - %ﬁiﬁ%tﬁ(gf%) — —
TR 1 ST 2 TR 3 TR ST RS TR A6
0~10 25.72 36.05 25.07 27.10 28.15 26.70
10~20 36.98 42.29 30.68 31.62 42.32 32.61
20~30 38.34 35.88 29.92 31.30 39.71 34.82
30~40 33.73 35.59 27.75 33.16 40.30 37.22
R _ _ i i) _ _
A T2 T3 T4 TS TR A6
0~10 413.0 431.8 340.3 415.1 3274 422.8
10~20 385.5 1081.6 671.2 513.5 904.1 541.7
20~30 787.4 742.8 651.2 5124 763.2 646.1
30~40 750.1 645.3 587.7 556.5 786.3 860.7

i
m/A

Fz2 HEARXAESE

TRIRELRFHBTEMETRSE

Table 2 Contents of iron and manganese elements in the soil at different depths of Phragmites australis salt marshes in oilfields

- R FE (cm) - — _FRuERR k) - -
REEAT PRI PRI KFE 10 PRI KRS 12
0~10 29.83 32.20 36.06 31.87 36.05 32.51
10~20 27.60 40.38 37.82 44.09 33.51 37.01
20~30 38.71 40.37 36.74 4127 36.20 34.55
30~40 36.90 41.06 36.64 19.83 37.85 34.93
R (om) __ __ _ fﬁﬁ%lﬁ%ﬂﬁ(m)g/]fg) _ _
PRI PRI KA L9 KAF 10 KAE R KR 12
0~10 479.5 401.9 614.8 832.4 817.1 397.3
10~20 387.9 827.3 698.7 856.1 346.9 671.7
20~30 718.5 888.1 5512 750.1 559.5 5447
30~40 759.2 855.0 5153 4332 668.4 639.4
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LN JC & & L4y B A L TE 615.4~678.4 mg/kg-
B HEEIES N RFEAR0~10 cm 10~  553.7~746.6 mg/kg. 557.9~599.4 mgkg

20 cm.20~30 cm 1 30~40 cm V& /& + 35 o 1 ik
JC & i & B g il AR A 7E 15.22~41.38 glkg.
11.19~42.51 g/kg. 21.48~39.36 g/kg Al 18.19~
37.50 g/kg 2 [A], H 4k o & ot & L 4 ) A2 Ak AR
299.1~558.9 mg/kg. 286.6~867.6 mg/kg. 346.4~
899.8 mg/kg fl1354.1~878.5 mg/kg 2 [A] (% 3). K
B 55 14 FRFE £ 15 19 10~40 om iR 5 135w 1)k
AT R S BECR.

£ b B % ERVE 2 AR AE AUEI 0~10 em. 10~
20 cm- 20~30 cm A1 30~40 cm ¥4 J& 1 358 o (1) 2k
JC i & L g a4 A 7E 24.14~26.76 glkg.
25.34~26.09 g/kg. 24.83~24.90 g/kg Al 21.88~
25.36 g/kg 2 ], H 5ot 2 5 & b 4 ) A8 fk AR
508.4~552.8 mg/kg. 577.4~607.9 mg/kg. 486.8~
557.9 mg/kg F1470.8~561.8 mg/kg 2 [8](#£ 4).

WER 3N KEE S 0~10 cm. 10~20 cm. 20~
30 cm M130~40 cm I H 3 TR T E L
) A5 1k 7E 28.75~30.14 g/kg. 26.13~29.37 g/kg.
27.25~29.70 g/kg F129.63~31.10 g/kg 2 [a], HA4h

687.1~710.9 mg/kg 2 [8](F 5).

R FH 2 AN RAE 519 0~10 cm< 10~20 ¢cm+ 20~
30 cm F130~40 cm R % T3 1T R FUE )
5] A% AL 1E 37.03~38.59 g/kg. 37.00~37.41 g/kg.
37.06~43.62 g/kg F137.03~40.14 g/kg 2 [8], H4h
JC & i & L4 ) AR 4k 7E 599.9~750.1 mg/kg.
600.1~672.2 mgkg. 618.9~764.8 mgkg Al
659.0~660.4 mg/kg 2 [8] (3 6).

TOTAT R AR 25 278 il HE X P 36 3h VA V1B 1k
72 AR VA | SR HhBSE R VA MR ARSI 24 SRR
R0~40 e PR FE IR 2R T B A T R R L
- B8 43 5910 31.82 g/kg Al 624.5 mg/kg, 5
LB TR ME TR EENE RED A
30.00 g/kg Al 646.0 mg/kg) i o
22 BERIBEPHHRTREEE GRS EE LT
BEFIERZ B R R

Pearson A 5% 73 AT 45 B R B, 0~10 cm IR ¥ +
BT R SRS S8R EAHR0=24,
r=0.878, p<<0.05). 10~20 cm i& i T35 b 4% 70

®3 BUAFRIBTRAREDRTHRTRENETESE

Table 3 Contents of iron and manganese elements in the soil at different depths of degraded Phragmites australis salt marshes

AR o) — — L A —
KA 13 KFES 14 KEE 1S K16 KRR 17
0~10 1522 27.30 29.19 4138 36.46
10~20 11.19 36.88 34.99 4251 25.46
20~30 21.48 39.36 34.40 23.98 23.61
30~40 23.34 37.50 36.90 30.76 18.19
R em) _ _ ’%ﬁﬁ%’jﬁ%[ﬁt(mg/kg) _ _
KA 13 KR4 RFERLS RFERU16 KRS 1T
0~10 480.3 299.1 308.9 467.2 558.9
10~20 286.6 706.1 758.8 867.6 465.2
20~30 4253 899.8 754.0 346.4 480.5
30~40 5522 674.1 878.5 444.4 354.1

F4 HMBERIATERREDRTHRTRENELRESE

Table 4 Contents of iron and manganese elements in the soil at different depths of Suaeda salsa salt marshes

o gt i H(g/ke) G E & H(mg/kg)
+IEE (cm) — — — —
KFEAS 18 KFES 19 KFEAT 18 KAF 19
0~10 26.76 24.14 552.8 508.4
10~20 26.09 25.34 577.4 607.9
20~30 24.83 24.90 486.8 557.9
30~40 21.88 25.36 470.8 561.8
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Table 5 Contents of iron and manganese elements in the soil at different depths of tidelands
VRS (em) _ %ﬁ?jﬁ%tt(g/kg) _ _ %ﬁﬁ?)ﬁ%tﬁ(mg/kg) _
KHE 20 KA 21 KM 22 RFF K20 KR 21 RFF .22
0~10 29.22 28.75 30.14 678.4 666.8 615.4
10~20 27.18 29.37 26.13 553.7 746.6 563.8
20~30 28.59 29.70 27.25 599.4 686.4 557.9
30~40 31.10 29.63 30.49 710.9 698.0 687.1
*o HHAAERELRTHRTENETRSE
Table 6 Contents of iron and manganese elements in the soil at different depths of rice fields
BRo R iR H(g/kg) Fh G R (mg/kg)
LR (em) — — — —
FKHf R 23 R 124 AT £ 23 KAE I 24
0~10 37.03 38.59 750.1 599.9
10~20 37.00 37.41 672.2 600.1
20~30 43.62 37.06 764.8 618.9
30~40 37.03 40.14 659.0 660.4

RO EE LAV &L E EHX0=24, =
0.863, p<<0.05), 5 7 % & & UM K (n=24, =
-0.836, p<<0.05). 20~30 cm I J& 13 b (1) 8k 7T
ZOEHLANKY ERE EMX0=24, =
0.868, p<<0.05), 5 &R & & 5% IEMH K (n=24, =
0.878, p<<0.05), 5 4% 7 & W % 1IE A K (n=24, r=
0.812, p<<0.05), 55 H 3 F & & A K (n=24, =
-0.848, p<<0.05). 30~40 cm & J¥ + 3% i () 4% 7T
RO ES e ELE IEMKn=24,=0.952,p<
0.01).
30

TR EMTRN SRS R EK IR
A b 3R AY 2 T AR O R R B R ) % R T R A B
WA R I 7R TRV R DUE S 3B T ik
WS T, REFEHSRMAENEE
PRBLCO, FEAHI T, I R AR 7 5 RV L I
FH DX 7 45 Eh VA IR AP 26 2h VA L Sh b welsz 2598 L
AR AR 24 AN KA £ 0~40 em i 5 3P 8k
JCER AR TCE S B NP IE K T R A g
Bt R ML TR & B I SE 00N 24.40 g/kg
H1423.8 mg/kgtY), 1L DR H B 2R T R
FER TG 2 & SRR 1 J5 R 32 B B XL
7AW 2 3 VAT IR S FE R R Bk R AR S AL IR
JRi AR E AR, MRS T R A TR
T 338 PO bR A E R

BouREMETRNER RO EES 11
PERBE UM G . ARHFFR I, RAR 7 3 Sh B kg
H 0~40 cm IR HIEF SR ME LR T EE
K MR AL 7 26 b VB A SRV BRI RUDN, X 5 R AR
PR AR H L AR S R E SRR
SR KA K. I g R E, S
& & SE AR B HLBR I ORI 2 A LAk
BRIRENLE 2 20 RN WIS ¥ 2
—, BR(R) B AERE = o A AR e A LS T
KA R BREA D IEA S5 H L
WG IR 2 IR DG, DR, 338 ML 7 & A L
g I T R PR R AL BT B
M2, - S LR 7 AR R S M A T R A AU
HERE, AU L IEPRAEES GBI
FURSCH™ 1 A A 5 LR, AL B & (38 g
WA 4% 17 A5 RS AL, LR 2 LI E Y
5 5 R 20 53, o5 8 1) e I 5 T A 2R P
S P 38 T S R AR A7) AN AR 0T - R R G R
WAL ARN I 0, A 5 ] = A 3 S T ) Y 9] 1 368
AR R R LR T RS AN & &
2 IE A IR,

TR A3 R B G R N AT A ST R A
TCRIEB MR REY) . TEADF A,
JEHL 10~20 cm A1 20~30 cm V& /& 338 b (1 2% o
RoE5EAYE R EE EMIE, 20~30 cm iE
FELHER SR TR SRS AT R LS EHX.
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B 20 %

T3 B 2 DUBE IR £ 1 T S TE B S AL B IR
B, 2R B S A A T 7K A A 458 e 8 1) [ A
HEAERC, B E SRR AN(Fe” B Fe) LR,
1% 76 2% LB 1 38 I, AR A R A S
A AR T A A IR B IR SR (17 0

T8 3 5 ) - A3 AL (19 R R B S A e B
155, 3SR T BE RS AL v IR Bon R AR
TCRMITES AT FEARB T, I g
10~20 cm f120~30 cm ¥4 & HIEF K2R S
BHHHSRDE MK, W LR FRMEY
i HIEP SRR S ES M EERE, BT
WA AR A, WY K R R B ANR L
W RS, 20 28 R AR, MR RIR S R R
ERTHE RS, MR LS gonZFAE
TCE O B A /N s R K 2 VR AN RS R R
HSEHE/NTHE, RS gME Tt R 5 8R
Ko BEFHEEKNR I, K Eh K6 S BOR K2
VEEETE 2 R a3 DR M AT RK S R K
AT DX, WK HR 1) R 88 1k P s, 3R AR )
(G PR /N, B el e e 7 IR T &R
FER TG R AR A T

AN [ERE A 70 3 ANV 76 2K R ISR B B e
N2 S, A KA R P (107 Hh 3% b i kot
R ORI ZE T, W
VIR R A K, AR B H 3 Ak T S IR B, Ak
JCERME LRI T RIFHIIEJFE I . A0
Fo, PR E P B TR R TR S
HEZ/NTTELE, XRS5 M g 2ot R M4
TCR MR RE 1A 5% 7 35 A2 103 g Hb R 34
FEY) . T A A 7K, 8 i SR 438 o IR AU
EVIRERT, i 2 BB FN L 2 T B8 )5 8 Fe™r
M, % 2 338 b 1 2k ot 2 ARG A P B AR
RGN 3 5 bR, 0@
PR AR AR P RIS R R 2 i, SR
R 2 3R Bk e AR 0 R A A T Rk BT
B ER A, I 4 [ e /E i . AR H i
It 2= AR TR & BN, XA Ae 578 H 4%
b T EECIRES A 0%, TR AR A T AR 6
T R B8k L, 1 Lo Bk A A 0t 4 AR 85 IR
BHEH, SRR ME TR KT R A8,

W R B, SZ RIS DO AE Y 4, g b gk
LHRMBE TR ERMNEN S R EES, REL

BT RN TR I B SR S A A A A
W JEAE F 51 R Y FEARTE T, RIARF
=5 ER VA AN H XM S AR R T R AR T
Fofk BT E LSRR, XEESRKEES
IKSCAR AR B 5  FE AL I K 6 S BT &R
AR TR 7] L5 R R WA e AR k. 78 A
AR R, 3hiE R TR B, S5
AL [ PR B s B, N 2 7 B i RN
Pzl AR FPoe R TR L b E AT
HE.

L IAT = A PN H I R R RS, A
AR 2 5 IO = A e s AR 1 32.44% Y. A
K E I P B o FE A AT N o A
JiR ARG IE SR 2% AR S5, 2 3 v T 3R I A N
TR R RE S 2, a0 52 e 3 rh & FhoT R
TEMSA FEART A, fEH IR T
AR TCR B BN BOR, fE— e R B T
NKE B R R R & ENEm, i B
H I 8ot m ME R S EEEN LR
Z 5, X T RE S AE H R S A . EHIHEK
fESFE H R ZE LA T [ 8 I A, K2
3 5 T Bk R (D) A, 1A IR (H 2
T8 R R A, AN OUR T R [ B Ak
GERG, M HAE W] e sl 1 L 458 1) B 4 J8 8 W) 40 A
FRAEY, (18 H & 2 LI goum S TR &8
FHZEAKR.

4 # i

ST R AR 25 2R L T X 25 2h v LB 1
P2 R L AR B R A AR A 24 KRR
M0~40 cm R FE LB BT = TR R
B EIME 53 990 31.82 g/kg F1624.5 mg/kg.

T DR 2 S VE R AR SRV ARG 0~
40 cm PR E T IER P POT R ARG ER H RO B
A7 25 R VA | Eh B RV FIE LR 0~40 cm IR B
TP BRI R SRR

ILI] R 0~ 10 em R HIER TR S
BB B 10~20 em PR E L IgEH
TR T EEEZ L AR S 2 HE SR
Wi 20~30 cm IR H P TR S EEE LA
BHBmEE. 22 SE. SMETENBSRNE
M ; 30~40 ecm A% LR TR SR ET A
= Rinf Al
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Distribution Characteristics of Iron and Manganese Contents in
Soils in the Liaohe River Estuary Wetland

LIU Xue"?, YANG lJisong"?, WANG Zhikang'?, SANG Luan'?, YANG Yunfei'’, SUN Dandan"’,
LIU Yue'?, YU Junbao'?, YU Yang'?, LI Yunzhao'?’, NING Kai’
(1. Institute for Advanced Study of Coastal Ecology, Yantai 264025, Shandong, P.R.China; 2. School of Resources and

Environmental Engineering, Ludong University, Yantai 264025, Shandong, P.R.China; 3. Dongying Academy of
Agricultural Sciences, Dongying 257091, Shandong, P.R.China)

Abstract: To investigate the distribution characteristics of iron and manganese contents in Liaohe River
estuary wetlands, the soil samples at depths of 0-10 c¢cm, 10-20 cm, 20-30 cm, and 30-40 cm in natural
Phragmites australis salt marshes, Phragmites australis salt marshes in oilfields, degraded Phragmites
australis salt marshes, Suaeda salsa salt marshes, tidelands and rice fields in April 2018 were collected, and
the contents of iron and manganese elements were determined, respectively. The results showed that mean
contents of iron and manganese elements in the soils at 0-40 cm depth of the Liaohe River estuary wetlands
were 31.82 g/kg and 624.5 mg/kg. The contents of iron and manganese elements in the soils at 0-40 cm depth
of natural Phragmites australis salt marshes, Phragmites australis salt marshes in oilfields and rice fields
were larger, and these of degraded Phragmites australis salt marshes, Suaeda salsa salt marshes, tidelands
were smaller. The content of iron element in the soils at 0-10 cm depth of the Liaohe River estuary wetlands
was mainly affected by total phosphorus content; that at 10-20 cm depth was mainly affected by content of
total organic carbon and electrical conductivity; that at 20-30 cm depth was mainly affected by contents of
total organic carbon, total nitrogen, and total phosphorus, and electrical conductivity. The content of
manganese element in the soils at 30-40 cm depth of the Liaohe River estuary wetlands was mainly affected

by total phosphorus content.

Keywords: soil; iron; manganese; salt marsh; tideland; rice field; Liaohe River estuary



