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Abstract; To understand the interactions among soil nutrients, enzyme activities and aquatic plant diversity in a wetland
landscape under human disturbances, a three-year study was carried out in the Napahai wetland, a typical degraded plateau
wetland in the northwestern Yunnan, China. The plant community composition changed and the community coverage
increased over the wetland succession from primary swamp, through swampy meadow, to meadow. The number of associated
species increased, while the dominant species abundances decreased. Through succession, the content of soil organic matter
and total nitrogen declined. In contrast, the soil enzyme activity of catalase, protease and invertase increased; however
urase declined. The Simpson and Shannon-Weiner indices of aquatic plant diversity were both significantly positively
correlated with catalase, protease and invertase, and negatively correlated with urase, soil organic matter and total nitrogen.
Similarly, soil organic matter and total nitrogen were negatively correlated with catalase, protease and invertase but

positively correlated with urase. This wetland succession is thus related to the type and intensity of human disturbances, the
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characteristics of plant diversity, soil fertility and soil enzyme activity. The results from this study will facilitate
understanding of the ecological processes and mechanisms contributing to degraded wetlands subject to anthropogenic

pressure, and provide guidelines for the assessment of wetland health, sound environmental management and restoration.

Key Words: Napahai wetland ; plant species diversity; soil fertility; soil enzyme activity; correlation analysis
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Fig. 1 The location of Napahai wetland of Northwestern Yunnan Plateau
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HATEHRAZ, I ArcGIS9. 2 HIE (E2) . 1Y) o LR Simpson $5 %A Shannon-Weiner #8817 7047 -

F1 HAERMBVRERUSHE
Table 1 The landscape types and its dividing methods for Napahai wetland

biTS: = L) 214075 & Dividing methods
Wetland landscape 7K 3¢ Hydrology AE %A Plant types
JRAE R KEBKKE VUK RSy
Primary swamp water body Submerged and floating-leaved plant communities
BEILER MR, BRI SRR
Inundation for rainy seasons, shallow water or .
Swampy meadow ) Emergent plant communities
saturated soil for dry seasons
ey BEHKBRT R BAESTEEREY
Meadow Drainage Mesic, Xeric meadow plant communities

2.2 TEBEESHH

2003 ~2005 4F, B F RO Tt BusE e R DO 28
imEBEAFRBHEENRE 4~5S M EMEH
TrimbleGPS (5 &4 0.5m) X Efi S EM (K 2) , %L
Sa TEMEYAEK TN (8 Bf) #H47 HBEUE, L RE
40 ~20 cm, JRAEEEFSRBEN 15 4, IBEAE M
21y, B4 27 e IR B IR L = T
B 0%, SRR R TE VKA P A

Herh E b an ey vk U Fn b E A B e T
G AR R 3 AESE, WEST LB,
HEAENARAERBRAENE; 28RATR
gE" s LR RS ekl Y s i E Ak
SHMRAGEREREEN ™ EEERA
Hofmann 5 Seeger 335 s 2 F HER F 2 =4 .
BmE",
2.3 Sitartr

KA SPSS 13. 0 XEEHAT G 43047 , 7 A 4hh ¥
HEYZHE  TEE R RFE R EAEXR,
3 MRER
3.1 AENEHE WA YIRS 4510 K 2 FE AR AE

I T R A 1] VR A 2 e 2 ) S LB 4L, 4
TEMEAEYIREE S 5 IR 6 4N, B3] 4 4, B
BB AR BB (R RE 20 f, R E A 30
i, B 58 F) BA RIS, B 52 K G5 AT
B ZREK AR (KR RN B UK R ) 8 —
HIRAEEARBREA (KR 2), XFRW,HBEREBE.
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Fig.2 The sketch map showing the wetland landscape types and the

location of plant community survey and soil sampling
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Table 2 Characteristic of community compositions of different wetland landscape
B E R Community structure
2%pr( g 3
%iix?mdscape gﬁoﬁrﬁfﬁy ﬁ%ﬁf&éﬁ : ﬁfﬂﬁi KR Fﬁ:ﬁﬁ- TR
Emergent leaved Subrmerged
FARE TR BB RS Com. Myriophyllum spicatum <80 7 Vv
Primary swamp ISk ER-FERFE Com. P. malainus 60 ~90 8 vV vV
&M PEREIE Com. Ceratophyllum demersum 40 ~75 5 vV vV
W87 EF¥7% Com. Potamogeton. tepperi 80 ~100 6 vV vV vV
3LV Com. Nymphoides peltatum 80 ~100 11 v v
41t Total 20
BiELES KHFEBEIE Com. Hippuris vulgaris 30 ~40 6 vV Y4
Swampy meadow FEPIE Com. Zizania caduciflora 30 ~50 4 v v
K Z #FE Com. Scirpus tabernaemontani 60 ~90 10 vV vV
KEFFE Com. Polygonum hydropiper <60 8 \Y4 \Y4
iﬁ%limﬁ%iicﬁonﬁﬁsm-Carex pleistogyna 85 8 v v
X RS Com. Eleocharis liouana 50 ~80 6 Vv A
41t Total 30
B RO R B SEREYE Com. Potentilla anserine 95 26 — — -
Meadow BT AR o o _ _ _
Com. P. longiflora var. tubiformis
JEIH/REREE RS Com. Rumex nepalensis 85 12 — — —
RS
Com. Deschampsia caespitosa-Sanguisorba 95 7 — — -
Sfiliformis
41t Total 58

KB A R R WAV D RERL B P AR BB KA Y o SRR (SR ARG RO & k-4
RIS RPN RA TR < IR < Ff, FEIR AR TSR UL VR L ) ) R L T R Y &
HHE—ZoEnEd (F£3) . XRWNIHEEMERERFERNNBEFECE S EaRWEE RS, K4
RBFBNTLAK M RSP LSBT B, UK A 2 R YRR S g I 451 B — B R A A
Yo BN, KA SR A IR, o A A Y Y Rk & R YDA IR S8 R b AR S — 2
ke BHTUK M K 2R K, A A A Y SR, SRR A SR, BEHE
Pt SRR, iR AR S R AR B RRIE AR BE

£3 TRAEBMIUEVH B HERE o SHE

Table 3 Numbers of plant family, genus, species and its « diversity in different wetland landscape

I H Item JE A 7 Primary swamp BEALE ) Swampy meadow 7] Meadow
#} Family 16 19 28

J& Genus 17 26 55

F Species 25 36 63
Simpson 5% Simpson index 0. 7604 0.8156 0.8329
Shannon-Weiner #5%{ Shannon-Weiner index 1.9103 1.9372 1.9838

3.2 R[RE R WL S AE A AE

NEAFRRBE RN L EAVR 2R TEAR. REBELEAINR. 28 &R/ (448
10.48%,2.79 gkg ™) , HUCHBEALE A (43514 6.50% ,1. 64gkg ™) , A LEAVUR . 2R & BRM(4H
#3.14% ,1.22gkg™") (F£4) o XEERFARFEFRFEEK, LHOLRSE KM 2 WBUE LR %
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BRER G HEE S, BMEVURT LSRR H M EF AR E EaEEHKR T, DR S @RS
= IE T AYURKE FAER , BRE A B s AR A D IOR SE|A N TRERES
BERZHE, EHRENRS 2R T ERE _EZR . XRVMEERERERBEELE A EaRnE, B
BAILTIREBHR L 2 9255, 1B i b BRI B A A O B IR, 38 CO, 35 L = R R HERE, 5 5 BT B9 31458
p

F4 FREBHMSVT[FH SHBEERBHECEHE  ivEE)

Table 4 Changes of soil nutrients and enzymic activities in different wetland landscape ( Mean +S. E)

I H Item JE A 7 Primary swamp BEALE ) Swampy meadow 7] Meadow
AR S & Organic matter (% ) 10.48 £0.45 6.50+0.23 3.14£0.15
24 &8 Total nitrogen( gkg ™) 2.79 +0.28 1.64 £0.06 1.22£0.33
AL S BHE P Catalase (mL-g 1) 0.19 £0.02 0.21+£0.02 0.34 £0.01
7B 1 B575 1 Protease (mg-g~!) 0.46 +£0.06 21.55+1.15 50.40 £2.31
JRESE 1 Urase (mg-g~!) 61.71 £1.25 57.89+1.25 41.96 +1.50
FEMEEEIE M Invertase (mL-g™!) 1.35+0.14 15.52 +1.46 36.82+1.61

NI e AL S R O RO IR SRR R AR IR W R A R R —
BOE N, TAREE R B/ MES (£ 4) o X RERFEE R AL, THOCRAE AR E , HY 2 HHE
W ARHE T IR YIRS E, T R MR B IE T HEA IR PR BE RIE I, T D AL SR
Wi 35 A RGP0 I, T RS W) BRR R A 23 T RO T B A TS BT R R
3.3 HEYEEAS TR R S

NIHAEY) o SIS E(FE PRI EIR-E N ED) FE L RF IR 2R S BB T
AN, B 1R A A SN B RS PR, BRSPS T N (R 3.4) -

Y 2R R0 KSR X SRR =F Z MG E— BRI (R 5) , REEDUR.

£S5 HPESHEEERS IRBANERXE

Table 5 Correlation coefficients between plant species diversity index and soil fertility

TN C P U I
T H Ttem SI SWI OM(%) 4 r r .

(gks™')  (ml-g™')  (mg-g™) (mgg™') (ml-g™")
SI 1 0.9019 -0.9703 -0.9995 ¢ 0.7689 0.9277 —0. 8060 0.9177
SWI 1 -0.9796 -0.9148 0.9697 0.9979 -0.9826 0.9993
OM(% ) 1 0.9773 -0.9008 -0.9905* 0.9253 -0.9865*
TN (g-kg_l) 1 -0.7883 -0.9388 0. 8239 -0.9295
Ca( m.l-g_1 ) 1 0.9520 -0.9982°* 0.9597
Pr(mg-g™!) 1 ~0.9690 0.9997*
Ur(mg-g™') 1 -0.9749
In(ml-g~') 1

% p<0.05; = SI; FEEFFHEH Simpson index; SWI; Shannon-Weiner 35 % Shannon-Weiner index; OM: F L& & & Organic matter; TN ; 24
4 & Total nitrogen; Ca: 734 L& BHE 1: Catalase; Pr: T FBEE Itk Protease; Ur: [IRBE Itk Urase; In: BEVEEEIE P Invertase

ERSHAYEZHEEANR, KT 2R 3B 5 FER BB BEHXKF(p <0.05) ;3 A . HEHM,
REFEBRE T S Y SRS BN — S IEAR C, RIS M S Y 2R 18 SR S 50 IR Iy S5 s
FHAEBEM RN, HEAVR 2R EFESSAAMIIE . EOm IS 2 — B M se, R AR
SE AN RS BE MK (p <0.05) KF, i HEA VR 2R SIRIE EFRIERE X,
4 g
4.1 MYZHMES TREHRHEEXR

HYERET ZLIEF AN L, DEPRRE RS IBREEE IR T R SRR L. A5
TR+ FEH KT SR EY RS DR S R B E BB ERY YRS DM SRS
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HEERBR R A B SE T A2/ R PR AR 9 S SR A B R B R LT
AT REW A E Y2 R EA R 2R BEEDTHE, ERMXKR, X 5HKEE
SRS ARG HIE R SR E R AL B S R . XERNFABERERK, LIRSS
SrALTFAERTE PRES, RE TR PR 2R & BIRE , BAN THEY R A, (UE T A BoE £ Wik e A
WM B RO , B Y 2 R (0K 5 A 4 WP 8 D6 A VA 1 Y VB A ) ) 2 ) 5, T /K S5 A B
Tk, BHUEHSE I, (ERHR)E TIRA T TR EALR R IR A A T A YRS L, R, A A RE
PrRpIEL S+ FRYE IR 3 5, B S R RS R LTS Bh A R R R T IR T (R R &
J& (R E YR R SR . BRAIR R+ SRR ) SR AR AR AEAR L, 1 LI
TSR BEE R NERER,

TRFR o G R TR T AR T A AR AR o N YA ) 2 e i A YRR T YRR A e e B B R TG
B YR IPR SRS E A b0, ik 3R P W R R R A AR YR IR R S Bt T IR+ R Y R
R R EENUR SRS BT SRR N T RS AFRIOT L RRS 5HY
ZRERRIT T, B —2INREH T RR D SHYSHENEEXR, TP EY LS
TEEHSFEIR R

+ 8 R EORIR T S A 200 B SR A i S S i A3 s T L T A I R T
WERR B YR R RS R R RS S RS R . — T, RE WA
RN A L3 h T 48780 LI E s 53—, B T RS P A R RO, REERE R
BATEMRF R RS YA LR AR A ST SIS SR B A VR VR 2 L 2
BERTARE, MRS L PR R R AR Y HAED R EAR , U REEL RS
BRSNS RE SR A0 22 5.7, 000 9 3t ST ek S W, T A P 9 1 59 T
BER AN T T X AR RSB ™ RSB E LS HEAP.

R YL R B RS 5, RN T 3 h AT I AR Ak 2 AR S FsR
EYFREIN MR RSB T EEFERNAC. BEEARAENTREDN LRI F g
FOTEMBR, X B MERESRENYRBIRERRDEETEEEN . 90MEE M+
{8 P R S A YR R UL TR VAL B ) R A UL e A T 38 1, B 1 3R LB 08 e (L AR RO TR
ARTARESIFEER IUF BUEE SN, XHE— SRR T BRAY SRS DIREE
IR A B AR R R
4.2 ARG T EY RS TIRE S KRR

UTAER , AR 32 BUHE K RAH oo B U TO P fkiliy LA KR sh ZR AR OR 3 A A 7 1 Bh Y P2 B T,
XHEHE 87 HIRAR = BN, TR AEY SRS T RE IR R R, IRRUHKREMET
NN A WTEESE | I 24a TR ETE AR IE 69% , KEUTK  FEM-SK A Y PR AR B> B E WK,
KR S EEAY R LT &SRR EmRT Y SRR . BB NIk &G
HIABTRER , IR LSRR R BT B A L, TR R AT B TR EALIE T WA T4 LRs
%, SRR LA YR & BRERAE R EEFRAE G EAEE TR, NTTSCE TR Y E RN ER
4,0 THEYNERET 52, TP kit UT (B8 5 UL 1000 R IT) BB LA K2 T
A B 75 il BRI K SRR 45 , B K TR K AR S 15 , 328 B B8/ , T EL M T 7K By 40 B R R R B 2 v
SRR R AR , SRS A A Ve AR AR M L LT EOUE o e DT AL oL R S 3
+ ik R YR , RS Y BR T VR L AR R LR EEARE Ik TR B AR R TR
WAER, FBERE LR & B30T M, RN T YA KB 1R SR TSR B et A%
B ABAAEL T HASHRE AR, YRB AR 377.73% ™, b FHEERB RS ERE
WA TR YA B B, R T R IR B e R T S BB R A Y o T L S R
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BELRESREYRENR AN RNEE R, AR R, TSR T HRAERRREERH
YIRPERS , B T TR R E T B YA K S YRR RS R R TLK XK BRI 440
WEABEZENEFIER KX PR BIAER K L RR IR, =1 50 AE EYREERZREA
SRS UTAR , IR T VR G st AL AR T AT S0 T IR 4 S ok L LI ) 4% RS IE R LA
KR W, Oy TIHRE G5 E N ZRHREAY S DREA BRI R ML X RRA AR A
DMEH . ERMAEYZH R SRARMATIRE LT, ZREAF BB THERE R, R
HEREAEHE , BB A T, SEEiR A M A R SRR R T T A A A
5 4ig
ABTTRXT IR Y RS RS R AR WBRT, SRS REA R A S REA F B ML

ARG E N ARG 5 S S RRARE , KA ik 5 HRE N Z MR HE R R . A8
A PG S TP T I R R B, IR TR RIS W B AR A 2 5, O T IR B 558 %
SHEYI 2 TR R LR RPN GE—EE R, XHEHEY)  + 80 7= A R s T,
Em T = E =R REAEMELXR, RsRt—pEs TR EEIRTEY- LR ARG L
R AR R, RS AR SRR A S RERE LB, MEA PR R ESE T
Bl R R KA LB, R A ST MR R G BB WM TS BN TR 558 B AE A B2
Al b, SEBR M (RPN IR
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