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Abstract: Wetland is a unique ecosystem formed by the interaction of land and water, but due to the impact of climate
change and human activities in recent years, it has shown a certain degree of degradation. Wetland have become one of the
most threatened ecosystems. Therefore, this paper chooses the wetland of the first meander of the Yellow River was selected
as the research object. Based on field sampling data and different degradation degrees of the wetland ( Non Degradation,
ND; Light Degradation, LD; Moderate Degradation, MD; Heavy Degradation, HD) to analyze the characteristics of plant
community and soil and their relationships. The results showed that the importance value of Gramineae decreased with the
increase of wetland degradation. The important values of noxious weeds showed an increasing trend. Plant height, coverage
and aboveground biomass decreased significantly with the increasing of degradation degree. The Patrick species richness

index was the lowest under severe degradation, indicating that the plant community structure changed from complex to
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simple. Soil organic carbon and total nitrogen decreased significantly with the increase of wetland degradation, while the
ratio of carbon to nitrogen and pH value showed the opposite trend. The result indicated that the increase of alpine wetland
degradation was not conducive to the accumulation of soil nutrient content, and the soil gradually became alkaline. This
study found that soil pH, soil organic carbon and total nitrogen were physicochemical factors in response to alpine wetland
degradation. Soil factors affecting plant community characteristics were slightly different in different wetland degradation
degrees, among which soil electrical conductivity had the most obvious effect on plant community characteristics, which was
related to soil nutrient content at that time. In the degradation process of wetland, the growth and structural characteristics of
plant community have changed obviously. And the physical and chemical properties of soil and their interaction with plant
community have changed, affecting the ecological function of wetland. Therefore, the study of plant community and soil

physical and chemical characteristics can provide a basis for restoring the degraded wetlands.

Key Words: wetland degradation; plant community characteristics ; species diversity ; soil physical and chemical properties

MR A Tl AR Z R — PR iR A S R G (A RS RGP A B S5 r E R v . HEAE R
PRSI A W) R AERr R VAl R A S T i B R R AR DAL, WA O AR B TR
FedhBRZ B AR A S AE AR T 2l (8, 5 B0 AR S s R R Ak ] B H 25
F, BAESRECHON IR LRI ES R

UEAFAE  EP A D 5 B 2 AR B A i B B B, LA SR AR AR Y B PR R IR A BF IS B 2 4IaE
UNAERF ST BRI AT A B, NI SR o Sl R B A, 5 SR Y e v 2 Uk A AR TN R el JEE
PR XA 2R R S B, AR ORI = AN Rl R AR 3 kI T bR AR
R A Y 2R R T SRR R b S T AR R S5 A R 58 2 MERE R RFAE ) RTAT, 56
TR R Z FEPERYRIESEAE R M A — B, InTE = VLIRRE 5 H PR, & PR A 2 B AL R B ], b
A AR YR 2 R ) BRSO B R B MG KT A O U DX VR PR R AL 1 B
FERIL, BEIRALFREE RGN, Yl = B BEFR AL 3550 AR AU Z RS R BUETHE e IR EEFR B R THS L R
I, R HE— AR TR RE VS R AL, JC LR AR R A5 5 RO ey i B2 iR 1

MR AL 5 DR A TR 2 T B A B i A2 L, 18 25 IR D U R AE W BR AL 2 3R 1Y
AR SR A A AR A 0 RS R I R R AL R B I SRR AR L LAk L 2 A
ik, FBE 2 ORI B R AL R R S pH (E PR R Ak T R, FLBE 2R E TR
B ORI MRS AE Y R I pH (R AR R IR, DA 2 R, S pH (H S AL
B R AAAE G m DGR A RE R R AE B 22 e 8 A 32 3] b M | B A PR DY R
W TR RS 1 K AR AR R B AR T LSRR A U, SR, —RE2 3 O R 43 0 i (AR AL R
HERIEY Z RN B R L3 SR WO R R 2R R T A AR
MR S5 A B AL Rk A AT TR S o A R LU TR X T L A Al
M 7 P AR A 1 A | LK T AR AR A A 0 OGBS T Tt — A A

TN — PR IR R A BT BRI R R R A SR G SF IR L R
e EARSRIE A DA i oy FE R, BT i ph R KA BT A | i UK 2R AR S PR R AR U S e
5§51, 2013 45 HA B R E G 1 SR ORI M BT, A BT AL AR 2 e T i PR R B
S SRR . SR, AR AR A AR AL AL A i 31 5 BN AR W i 7 A A 2R e A A A T iR
7™, SEOK IR SR e ) RRAR T [R5 G i ZE IR M AR DG 5 i R A5t — s ie, ES AR L
HLUPY H RS 20 0 2 BT R A R B 5 S AR e R TR R o SRR T DS — IO I
Z LA R B AR A b B IR T e X T BLBR A U GE 22 06 T HA A A
AIE ) H AR SR A REE SR DP ST BEA 8 . e, A SCRLE i il S e X 4, S R T LR

http ; //www.ecologica.cn



7912 JAE = 43 4

JUASTRNEE : (1) A [ 38 A 8 B2 65 A ) A 9 A TE S 22 R O 2 TR0 5 (2) S [RTSR P e JBE X 4 S B A 1 ) 2 i
(3) A FE AR BE XS R PR P R I 5 B I 0 2 ) B9 O 28 2377 AR LB RE RS2 I 2 DT S 48 7 J i AB )
e IBAEHL 4 BERL 5L, O E 1) 8 S IR AL AR B PR AR 0

1 MRS

1.1 WFFE XA

HAT BT AR FE AR A SRR X Ak HE 2 H RO 1 TR M il S AR R T (101°54712"—102°28'45"E,
33°20'01"—33°56'31"N) , (4 X9 S 3y il EL AR 8 H 3 R H 35 SR e 3 KR 4 AMECRITAT il 2 475 | o] £40 52 56
(1) 5 e SRR B Ui, — 4R A ¥ B = 22 00, M JC B W U 2= 2 43, AR 1.1°C,7 PR
10.7°C 1 HFE TR -9.7C ;4B i Ul 23.6°C AR i e IR UIRA—29.6°C . 4R F 4K i 615.5mm,
PAEREKZY 150d Ao, RAEBA X TR, Z 4R TR HA 19d, 24 & H A RIS, 1R sk
REE AL 190d , e KR 2R BE 120em ™) W 5% DX AR 40 10 7 4 32 B2 00 335 R AR 110 2 8 35 B 55 ( Elymus
nutans) ; V5 5B i BREL ( Blysmus sinocompressus ) 5 vt BHH ]G ZE 02 2% ( Potentilla anserina) 3 25 F+A9H: B X
B4 ( Saussurea hieracioides) | ¥ 5 & ( Ligularia virgaurea) ; B P 4E ZRFELE (Anemone obtusiloba) FK2%
FEH (Ranunculus nephelogenes var. longicaulis) ; ZRFIER ZF 2L ( Polygonum viviparum ) , 3SR =5k & 1 ¥
fil £, FEDAAEGY X BPL S PGS, W AE 4000m LA 10 & L BESE, ML D m A, B kS
W, T ARVRRASE , A2 LLvKst AR YY), - 33650 I JEE BT 30—50m , 38 2 5 kA, B AR A Vb 32

>z

OB B R R 2 H AR R X

1 0 50 km
FH 0 s
W48 B S
: HFE/m
— EWRHOKER e 54120
o SRR == % 3420

1 ARRUEREFSEREE
Fig.1 Location of the study area and the investigated plots

1.2 AR A SR AR AR S I b

2021 4F 7—8 AXFET E iR A IR IR XHAT LS B4, HIRE ARG X A SR B A
EERAYSEN , 0 4 A UL S R SR DR DXL 5 AR, N Google Earth Y 37 X I FLRE Skm
DTN EAE I, AR5 R GPS TEBFAD TR A M, [7) b ARG 52 308 A M 500 2 ) S A 07 (7 e M R ]
ReS8 51 oA AT R T 82 A BT AN 0.5mx0.5m HYIFH GPS 5 A, et s b ol 3 114 B 5 |
LA A L LA R PR B AR AE, AR 5 A B M Ml 38 A0 5 i 0 L B0 35 17 0 A B SR AR I ) SR

http ; //www.ecologica.cn



19 34 EAA A ENR R A X R R R AT SRR A R 7913

I S FE DT TR AN RS 0 B0 0 20 i P A SR AR AR AT 1] 52 50 28 E A T 4 E , TE S IMAER
VYRR = B A 7 S T SR oy 5 B SRR Ml A i R R Ty AR ST bR R ke A B [l
SR A AE o M T SRR A BORE N ST B S A R E AR R ARy AR AE 0—10em (10—20cm |
20—40cm I T 4E, —FR 2 AR & T IEEIK S RYIE , 5 —FR e A B B8l 1] 52 0 % AT - e AL
FEHEFRAR A E

WA AR AT R IR = {ARAT, BIBR AR AR R kA 55 P i 0 2 Lmm A1 0. 15mm R4 S5
PEATAH SRR B . SR A% IR A bk B IR RUE 49 31261 T 33845 MLEK ( Soil organic carbon,SOC) |
4% ( Total nitrogen, TN) A 5E ; >R A pHS-3C AR BE I 3 pH (E (/K - HA 2.5:1) 5 R o 4000 22
+ 32 i1, % (Electrical conductivity, EC) (7K £ H A 5:1) 200 DL b S5 34 78 9 S0 U 0 K 27 4 398 b B 512 96 58
FERL,

1.3 Bskbi s ot

TSN PE AR R, B Yang %7 R BGE R IBHER ALY 5 AN T, SelE kTR bR
TP —ARAL B SRS HEA TR T4, SR 45 DRl A R A543 2R 8K, E T ARAIE 45 A1 2R 1 1 3B A6 45 45 ( Wetland
degradation index, WDI) , Jf-3f &b K—I4J 18 25 40 A A7 B 0 20 1, Joe 200 B Ol A R 6 23 o TE W i A2 Ak
(ND) BRI (LD) (R AL (MD) A IR AL (HD ) 4 B AURRBE , 2 1R A0 R BE A mi K205 2 10,3028
14, FEHEEANE LR 1,

R1 HEHERER

Table 1 General information of sampling sites

pEX e 1d= YA ZH ik, FEA L

Degradation stages Species composition Basic condition

ol R O BT (Poa annua) ,*E i B ( Blysmus HEHHFK EYMERET,LFEL
Non Degradation( ND) sinocompressus ) , R9ZE/E 3% ( Potentilla anserina) HRBE

T A B ( Elymus nutans ) , %695 Z5 B2 2% ( Potentilla
anserina ) , ¥ 55 ( Ligularia virgaurea) , 5i 344R 3¢

( Anemone obtusiloba )

R
Light Degradation(LD)

BROETEBUK, YRR EE, A
T EBEY

FiEE Rk AL ( Elymus nutans) , KA 55 ( Pedicularis ; S5 T e e 1l
Moderate Degradation( MD) longiflora) , K9 E ( Leontopodium hayachinense) ABVK HYFIED  BATREAAE R
R TERBUK MR B, B SRR AR 22, 3% s 91

AT IR AL, L JOAR B

Heavy Degradation( HD) BEPPEAR R 4 L b ik

Bl IA— ik

X "X imin
X =L T (1)

i
ximax x imin

KL XA A HRPRIE AR B ZE R 50 5 | RS R AR s v, RS DRI R /ME 51, RS A
FEPR A R K AH

MR AR E (WD) .

WDI = Y, w, F, (2)

A, WDT AR IE - F8 55 F R R T 0, 2 IR FAS5r R AL

P IR A R R (IR AL, BE IR b A % o e B A% R A i AR RO, IR b
HRE TS AR EE A AR A O K A A B D RE LR o> S R AL PR BB R B A (R EEE ALK R
W T AT FEA AR S DR AU Y B E B Y
_RA+RH+RC

3

4

P RA AR BE L, RH AR 5 BE  RC S AR 5 B2

(3)

http ; //www.ecologica.cn



7914 xR 43 4

BEIE IR Z RV B
Patrick PJFhF= 5 EHEEL(R) .

R=S (4)
Shannon-Wiener ZFEMEFEEL(H) -
H=- iPlnP, (5)
Simpson ZFEHEFREL(D) h
D=1- i r? (6)
Pielou 5] AR EL(E) -
E:% (7)

X, PSR @ ANWIRPTE ARl b B SR L, P, =% n NS AR, NV O AR R, S

R L TR DT IR

FHI Origin 2017 #4743 K], R H] SPSS 25.0 #4775 K K J5 225317 (One—way ANOVA) | R I fe/IN i 2 M 22
SR (LSD) T Z E B (a=0.05) , K Canoco 5 #EATiBALFE FE 548 Y R 8] B9 32 505343 7 ( Principal
component analysis, PCA ) MAHYIBEEFRAE S 38 K1 XF 1 & R B TTA 9 HT ( Redundancy analysis, RDA)

2 BRENE
2.1 S FENR MR (X MR T SR R

PR DX 2 A P 2 R T 2 (PRSP D g, A B A 22 DR AR
KEBMFERAR(E 2), RAREBEHEIN A ND> = %

LD>MD>HD (72 fba#; Y5 FiRL S 245 ND>HD>MD
>LD; EARME ZE AL R LD>ND>HD>MD ; B 4%
FOEE(E N5 MD>LD>HD>ND #7254k, H LD F1 MD
TR T W T ND Ji i ( P<0.05) .

RV IR AL R R o R R Kt A A
TERFE 25 (P<0.05) (I 3) , AP M FAEY Ry
BT IR AL SRR S LD A1 HD 18 o =5 B B I

o}
(=}
T

D
(=}
T

S
(=}
T

FEEYH Important value/%

N3
(=}
T

T ND; iAW e 45 IR AR B R 2 5 48 W = AE e ND iw;gg Degraded“gfgrees HD
B B REAE HD R 2 A T AE LD bk B e
& 4 Ef%ﬂ,mﬁiﬁﬂﬁlﬁ%ﬁﬂﬁ Patrick ¥ fh £ 5 B2 ARBUEBEETEVHIEVEER

Fig.2 Importance values of functional plants under different

FEFRB A W E R (P<0.05) , BAR L LM AE HD &
degrees of degradation

AR ND F1LD . IR HRIRALANRS Shannon-Wiener cpy s oy e s e 90255 (P<0.05) iND, 07025
ZHESEE Pielou X5 BEFEHOM Simpson ZHPEIEEL . 1o, smise, wo, e, wo. wiait
FeA g 520, {H Shannon-Wiener 22 K448 %1 . Pielou
P/ BEHE B SE RN 5 B AR 3 T Simpson 22 RE 45 S5 iR Ak R 3 10 i 52 RIS R 4
2.2 EFENR LR AT A B R S e
221 +HOKS HSRA pH H

A &5 AT 0 0 B A A pHAR 7 AR B E 0 ( P<0.05) , o 7E0—10em F110—20em + J2 £ I N

http ; //www.ecologica.cn



19 1 EAA A ENR R A X R R R AT SRR A R 7915
60 125 r
50 100 | b b b
E 4f 3 1T ;l\
g 9 751 F3 .
z o b L TR T
O
50 t
% 20 ab a il \
# >N
25 + .
10 -
O 1 1 1 1 0 1 1 1 1
500 150
400 2120 b 4
E b Ll g T
> =
€ 300 B oot
S =2
z b H g - <
=
& 200t [ g?n 60 t T b
T 9] —|_
% a é ~
~ 100 J_ J_ < 30t — i —— a
- T
0 0
ND LD MD HD ND LD MD HD
JEALFRJE Degraded degrees
B3 FAERUEESEEMEYEERHE
Fig.3 Characteristics of alpine wetland vegetation community in different degrees of degradation
FEARER a5 R8T U B, TS SRR AR SR, A M AR SR AR T L, S0 R 4B
30 35 ¢
ab 5
24 H2 ag)
w5 b :?.ﬁ&; a a
== b [ g T
=2 18 R 21t
18 g 5o a
¥ 52
Sx 12 — 5 14f
g E ~—— a é E —
VAR RS
~ =
Tt R
7] -+ €1
0 1 1 1 1 0 1 1 1 1
1.5 1.5
5 12 F
y 12 %5
#;E gm & a a a a
%5 0.9 a 2 4 HE ool — —
.EV Ué a ﬁ 5 ——
T 2 ¥ T
é 5 06 % é 06 | J_ 1
AR l @ £
0.3 ?® 03 L
0 0
ND LD MD HD ND LD MD HD
JEALFRJE Degraded degrees

4 AEEERLSERMEYSHE
Fig.4 Alpine wetland plant diversity degraded to different degrees

http ; //www.ecologica.cn



7916 xR 43 4

HD i 35 T ND kb ; H 20—40cm 1 0—40cm T2 UREEHIRIATE HD T 3w THALR M, % +)2
TREE I 485 /K i 5 i 3 3 R R AL IR R A 18 257816 (P>0.05) (A 38 55 7Kt BV b 3R A0 R B 14 o
TREGES, BRI LR SRR R R B 25 R R TE MD Wi, 0—10em +)ZAYH
TR E T 0—20cm Fl 20—40em ( P<0.05) ; 1385 7K 12k Fifl - JZ2 U8 BE 1 Jin 52 BEAR A ifi pH (BBl 1 )2 R
B R (E6) .

100 150
a
S 80 - a o *a
§ 2 a % a
=] i a
3 a = a T, 8 aa
5 60 lla . g 9 %a
§ a T —3 a
— 2! a g a aia
= al g
©n {4 E
g 40 A 5 60
® ¥
+ 20 33,33’ 30
0 0
010 1020 2040 040 010 1020 2040  0—40
10~ + B2 JE Soil depths/cm
b
8 I b
b T
b a
a b b ab® ay
| A5
6 b
a a
o] A= F) Hl D
= £33 LD
! 7] Mp
R: )
2
0

0—10 10—20 20—40 0—40
T+ Z¥R)¥ Soil depths/cm

5 AEEERELSERMTIESKE BSEMpH &

Fig.5 Soil water content, electrical conductivity and pH of degraded alpine wetlands

222 BIEALR A A

£ 0—10cm +ZWEE bR Ak - HEA DLk A A L™ Az 355200 (P<0.05) (K 7) . R DLEKTE
ND F W& T HD edb  BRE H7E HD F W& T ND M1 LD BEdi, 76 10—20em + )2 IR, H8A WLk 4
RAIYRINAE ND T35 T HD Fedh Mk A LI % 22 5% . 78 20—40em +)ZIRE A HLAKTE ND T i %
T HAE LR, 4 AE HD F B35 T ND M MD  BRAE R #2257, 7E 0—40em 1 JZ IR E A PR A4
RIRIA ND N R FERE, AL, BIEADIERN A RN 2SN 6 ND (LD e MD FEHbZR 30K
0—10em 2R B2E 5 T HAL - JZHRE (P<0.05) 5 1 ek 2 L Bl )2 TR IR R B 1835 25 5% (P>
0.05) (K 6) .
2.3 Rfbm SR MR YR AR I B A O R

M HbAR b 5 - S P AL R T AH DG P SR B RAL R 5 A ML AU pH 2 B ARG, Forh R HEA AL
e 2R GIRRE R AR, M pH SRR KK R (X 2), NE 8 iLIE I, Fusr 1 51

http : //www.ecologica.cn



19 34 EAA A ENR R A X R R R AT SRR A R 7917

—&— ND —@— LD —4A— MD —v— HD

TSR E HLgE
Soil water content/% Electric conductivity/(S/cm) pH
0 20 30 40 50 60 70 80 O70 80 90 100 110 120 0 6.4 6.8 7.2 7.6 8.0
b —y—
10 10 10
a

20 20 20 +

30 30 30 F
E a
°2
£ 40 40 40l
Q
= TR £t BRELL
'g Soil organic carbon/(g/kg) Total nitrogen/(g/kg) Carbon nitrogen ratio
i 0 20 40 60 80 100 120 1 2 3 4 5 6 15 18 21 24 27 30
® 0 0 0
iy
H

10 10 10 t

20 20 20 t

30 30 30t

40 40 40t

Ele BUSERTERNCERBIEREZLER

Fig.6 Variation of soil physical and chemical properties with soil depths in degraded alpine wetlands
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Fig.7 Soil organic carbon, total nitrogen and C/N ratio in different degraded alpine wetlands
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Table 2 Correlation between alpine wetland degradation and soil physical and chemical properties

2 Ak B b4 i A
5iH j:%ﬁ?ka; EETE'F% éﬂ[ﬁi)’%‘ o WA
Soil water Electric pH Soil organic . Carbon
Items . Total nitrogen . .
content conductivity carbon nitrogen ratio
FHFKF AL Correlation coefficient -0.113 0.002 0.310** -0.237" -0.386"" 0.151
P 0.313 0.982 0.005 0.032 0.000 0.176

#* P<0.05; =% P<0.01

®3 TRBUBRENEBRERBZMHRE

Table 3 Environmental explanatory power and significance test of different degradation degrees

IBER B B T iR ik th F it p
Degradation stages Environmental factors Explains% Pseudo-F
TE W] A SWC 24.9 2.7 0.134
Non degradation( ND) EC 24.9 3.5 0.04
pH 2.1 0.4 0.684
SOC 8.4 1.5 0.302
TN 7.9 1.6 0.322
C/N 13.5 2.2 0.136
BB swe 6.7 2.3 0.082
Light degradation( LD) EC 14.1 4.6 0.008
pH 1.8 0.7 0.546
SOC 2.4 0.9 0.044
TN 9.9 3.7 0.022
C/N 1.7 0.6 0.594
TR R SWC 21.2 9.1 0.002
Moderate degradation( MD) EC 20.6 6.7 0.002
pH 2.1 1 0.436
SOC 3.7 1.7 0.124
TN 4.8 2.2 0.068
C/N 1.6 0.7 0.02
;R SWC 2.8 0.5 0.788
Heavy degradation( HD) EC 27.4 4.5 0.004
pH 9.7 1.7 0.156
SOC 4 0.7 0.612
TN 6.2 0.9 0.456
C/N 1.4 0.2 0.946

SWC . T34 7Kz Soil water content; EC ; Fi 3 Electric conductivity ; SOC : 1377 HL#% Soil organic carbon; TN : 2% Total nitrogen ; C/N: 1 3JEf#%
A Soil carbon nitrogen ratio ; P<0.05 FREABEET
3.2 EFENR MR AL X 3P A T Y

pH {8 1922 Al o FENT b A PR X IR AL Y e 1, ASWT5E b, pH (B E IR A0 A B8 58 oy 2 =25 365, B

LJRVRRERIE RIS, FL pH (75 5.3—8.85, BEVIRALIRH 1 HE S DL He— o be— Bt S5 H3 7% 0 7
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Fig.9 Plant community characteristics and soil factors RDA ranking under different degrees of degradation
SWC: + 35 /K& Soil water content ; EC ; H, 5% Electric conductivity ; SOC ; T34 HL#% Soil organic carbon; TN ;: 4= % Total nitrogen; C/N ; 3%
Z L Soil carbon nitrogen ratio; RDA : TUAY /M Redundancy Analysis; SS: 57 Sk FR PN T, BT LR LA T

S BB IEBO — 2, pH BEIR A BERE I A a3, 32 2 PO IR AL 5 B B K ik UK B 5 S £
LI A HURRBEIR . Osinuga 55 & IR ] £ R T B b 4 397 MRk S At . 8 pHL (Y R AIK
VBT B B B 7 O FE R SR W SR E IR AR A HLRR T

ALK | 4 U R E N SR XTIR AL RN, AT A B, A LA | 42 S0 R R AL R
TR WA, ELYRE L2 REER MRS, X 5 CA BB — 807, X T ag S A b 505308 9 W 1) 43
YR R R Z D AERIZA G, B PR S 52 B ML A —Hi Hh OC R BRI R 5 B2 S5 427 ) A
B VA FH B kA 18 2 A - A LB i 2 — 5 T, A T R A R IR AR B A, b R R R
TETRURE SN, Jin 2 XU 5 7K G A2 ok R VR PR S R 2 B B3R 401 T 03 — D Tt A A (s
o2 IR 1 5 M o A e RS P, R T o 35 0 (IR B8 ), S BRI B 0 TR SR, TR 5 s i
BRI, & 2 AR A0 LR R 2 BIER S BOERR . MonlRE O i R B kit A op
b RE G 2 (e IR o0, T R SR o R R L 2 At 23 e A 1 (EL e TR Al 20 it 2R S T BERY
BB TS Z5CHG T [ 7 O iR 2R 0 5 B 9 I, ot ] RE A 2 ) A HILAG A BRI A S I S5 Rt

http ; //www.ecologica.cn



19 34 EAA A ENR R A X R R R AT SRR A R 7921

T3 pH EMHE S, 25 TR, IRk BT DA (] A B el o7 e €0 b ) 3R Ak, H 3 22 [R0AE B AR Y R 2
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