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Effects of an alien species (Spartina alterniflora) on soil microorganism

diversity in salt marshes, Jiangsu coastal inter-tidal ecosystem

ZHOU Hong-Xia''?, LIU Jin-E', QIN Pei'" (1. Life Science School . Nunjing University, Nanjing 210093 ;2. Kunming Institute

of Botuny, Chinese Academy of Sciences, Kunming 650204 ,China). Acta Ecologica Sinica,2005,25(9):2304~2311.

Abstract : Spartina alterniflora, an introduced species vegetating on inter-tidal flats from the eastern coast of the United States,

has become a hot topic focusing on its invasion to local species in the coastal zone of China. Impacts of S. alterniflora to inter-

tidal soil microbiological properties and soil microbial diversity in Jiangsu coastland are discussed in the paper by the control of ;
those living in barren tidal flats. The soil microbial biomass in inter-tidal zone increases more with the growth of
S. alterniflora comparing with the barren tidal flats, which also indicating seasonal changes with the plant. Less carbon and
nutrients are demanded to form the body of soil microorganism in Spartina salt marshes. The community components may be
more complicated in Spartina salt marshes with the dominant components activities in microbial physiological function group.
Analysis on functions of microbial physiological groups indicates that the carbon utilization of soil microbes is lower at inter-
tidal area, which focusing on carbohydrate, amino acid and carboxyl acid as its primary carbon substances and differing with
seasonal variety. The soil microbes shows some similarities in physiology with those living in mudflats when Spartina withers

in autumn. The function diversity of microbes increases with the vegetation blooming in spring as well as contributing to larger
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size of microbial population, metabolic activities and composition. S. alterniflora has greatly ameliorated soil characteristics by
providing carbon sources, increasing microbe activities and changing its physiological structure when being introduced to
Jiangsu coastal inter-tidal zone.

Key words:alien species; Spartina alterniflora;inter-tidal ecosystem;soil microbial biomass; physiological function

BEFTLBRAABAFINARES R — HEBENESHEMHSMAET S ATEZR BERS LESHER .S
AR W TR R, 2T E K (Spartina alterni flora) B 5B E R R HERBR R . RE T 1979 £5(#
ZY R BRIIL IS R E K SR AR B AR T A 410 km™, B 15 K BX — 5o 8 48 4 © 7098 18 47 o F B0I5 AR 2 B4
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HEKENBEEHARPAMASEERE T AEAYHERE BRRE - SR NEERSGESRAEF . HEKE N
TARBYHAERE ERT AT, ARBRFEE"SIETERREN EAENRNSR . X TEHEYNBALNEYE
Y BRFESERAIERYBENE MBI RBERRE.

THREEYH BBESRALBREONDETCRAERERN. MAUBRSESWNDEYHELSEAT LR TENE Y
HRULBER EBRELRASEAIRN TR ZTFRYERAFHEY B AN B AT 04 & R Y oh ik a0 om s
RELERGHNKERERTAAEER L.

WEMHEE S SHET Z AT I EMEOSERHARMETEFEMNAE . MAR RN S X HYy R
X R YRR AT AN, T REAT I RE S RE K FNABUERYEREL AVERBRE T ELE
HEBEMRT L EMERA TN RELE T LRI EF MO ITHRT.

BRI REMN ALK ENARET THERERYLR ESGFEFEMA S URYT BN AFE- S E, X TEEX
HRAGHEREAEFESEEIENNENBW A LT RZARE.FGEIHEEKREFANF R L EREY R LMK
YRR TR AR E RS IF AN R M E K R A S RANE W, A RSB RAES RENKE MERRIEL
WA Y E R,

1 #BEE5H%®
11 HEHBA B IRE

AHEERHLTRREFEALERFIERX - UERABENE, B DEHEK 110~126X4.18 k]/(ecm? - a), B A
A4 2000~2650h/a. H BB H 3 Hik 50%~55% . 2EVPHRBEZHEENEAYT LXFOHA~RF 2 A)RE . HEFGB~8
AYVRE.EZEBE.LEBER-KEREE . AERE  CRHERK . BE.BEL/h FF YRR 850~1000mm,1 A ¥
SEO~3C.BRMAFTHRIEEN 29~31 C.BEFEEM230d /. I ARERBECTRELAER FUDKLERE
18] A SR M X BE

KEEBRARKE I2km, tRUMPRBENFT EEXELBRS AT BREFIHERS WA R EFL 103.3
km, BRI/ DEORRSMEFEEE LB, AR FEEKRELBLETFREIBRK.33°17N,120045E. KK T
1989 FRMEE K S HELEKREMBHFAEFEER IBRARBHEREHUHEZ MATHES, BN LZEXERE R 4 F
R RO R e M TR /NED RFERIX,32°36'N.120°59'E s ZF M EE 79 km,

T BT e R b N SR RIS B E (B P RO IR E ImX 1 m EEF & 15 U8 1) ANEH B BE 500~ 1000 m; 43 5l
F 2002 4 10 A .12 A1 2003 £ 4 A .7 A #IFHEHRAE RHXHTRE, A MER RGN /DEENF NS B  2~20 cm B L
BA10 g BALHSEAR . WELRE ACHRF ENLEMEY SRS ZRATSJ0E — 8 F 15 MVET LR
&t 2mm BB . BAMESDMEEF R 2~20 cm FE RS R0 L IR AL 0BRSS R RS L4 B R A N
FH R,

1.2 ERHF®%

1.21 +HEBEABE TESKENEHMTY (GB7833-87). T 105CH 12h FHE; RR LML XA THE T 2mm 7. &
ABR- BB EENE T RES N LT pH AW ERAREITEQ + 5 1K) (GB 7859-87), L E M E R RIHE 7
P15 1k (GB 7871-87) s BEUAF g 0. 15 mm . H 4% B E AL- SR #4350 F LA PLEK (GB 7857-87) . ¥ M &
FFE M + %4 NGB 7113-87)-2-,

1.2.2 THEGEWE 5% Brookes %2 Hl Vance %2R R E % 0.5 mol/L BiAE# SR Bk PEAT I iE  FRER 25g B4
AR LREGNES THRSE R MESEHEEGHERE 5 min, XA FE B, BELE 25 CEHE 24 h BRI EAEHH DL
K EEWES 2~3 REKRS mind) UHEREM SHBN— AR EEM L ERATREF THAEHERLHE B TE
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B 25 C ¥E3E 24 h 4E XX HE, G4 H A 100 ml 0.5 mol/L BB MR, M 30 min, I, WK FW ., MEWE C L
ERREEAL BT ESMEYRE N LIRER 50 ml BB WA 5 ml KRERKAHE  FTREAEER.
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Fig.1 The location of the salt marshes and mudflats sampled at Jiangsu, China and the sampling scheme along the inter-tidal area

1.2.3 +HEMAEYBEKFEEE LM (CLPP)  Garland #1 Mills® 8 57 T — £ f f§ BIOLOG #F #& (BIOLOG . Inc. ,
Hayward .CA)EERERXRMRAFEA R THETAEEDAAERX O M EYHFLEEROT R, Zak SV B THITENE
A HBHREEINEY ST ES¥ME D 830K B CE 9B % % 8 — 8k 07 K 9 89 # F BB 1 (Sole-Carbon-Source
Utilization,.SCSUN X R . ZEH A HERBRE T HEMEYHBELSWNIEESHEETEANGEE . EaEBRY. UR -1 HEY
BIEXT 95 S ARIMBKEA A RE S — UL DR AR WA X B A B R A TIRE E R AR,

THBEYRB FREMENST 10 g AT ERFE LA MA 100 ml TEH 0. Imol /L BB 2 v i (K,HPO,/KH,PO,,
pH 7.2).F 30C,150 r/min & KRIRF 20 min, FRJF 500X g B0 5 min B LWL BP0 1 ¢ 10 $REOE B LABERR 8 vh Ik
B 105,782 1 : 100 28U, A F BIOLOG FAR = b .

ELISA 3 # BIOLOG GN ¥4 MK S B B BI85 B 1+ 100 3B BUK . i E BIOLOG GN #F 4R
LB FLINEE 120ul 38 MEF £ R BIOLOG PR T 30 CIRE s IRE B 4r SI7E 0, 24, 48,72,96,120,144 h. f§ ELISA R B
POF AR I #1828 (BIO-RAD 3550 Microplate Reader) F 595 nm {50, 12 R 50 .

1.2.4 ¥FEE FIEAEMNF STATICTICA (StatSoft,Inc. 1993)#4F (p <C0.05),

THEMAEYBEEKFAEELZHENE  BIOLOG GN #F # ELISA X 5 2K f 8 FL 21 & F £ 35 1k 38 (Average Well Color
Development , AWCD) iR it AR TF . AWCDf = [ D (C X R)]/95, H o C RFFMG 95 KB 7L i e % e i R
BT RIL AL R URE.

THE R AR & & PR LB R A oh M FLERIRERE LT REKIE. HHE AWCD i, FHEEM B A1 &
JER WA . & FLEISE R CE /DT 0. 3 #94% 0 1, S PN B 78 2K B Ah V8 + 34 A A TS M0 2 0B s T B BT A BR IR A0 T MR Rl
HEF,

THRBAEYBENESHEETELAREL R 1RARN 72 h WEEITE.

2 HR5IiE
2.1 :HEEAHERTEHEYR CNZHEL

THEAEFEEMAEYREMNEK 2. SAEMAEL. EAEKERBELES N AHL C.NH,-N, §/KEEE .M pH BAX, 5

TEIHEIUBTMERBERERGED ., FNEAMRANELEKELBFT AABN 7 ABEN AN C SERE. K
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HaABTEAN SRS AMMEELTEEHER (XL 3);C/N R 10 ARK I EERN SR C/N FEREERGR 3N
ML, ENZTRESS VML AP 7 AGBME, 10 ARBERAICER 7 AGERMK. 12 ANRS;C/NET7 AGRIK,12 A

B .
F1 TEWEVREDESHEERTREAR

Table 1 Formulas for functional diversity calculations of soil microbial communities

EHHEER RAEW NI ~R #E

Biodiversity index Connotation Formulas Remark

o R epy | EREmERE D=1-3P P. N, 58T AR AR T AR 0
nmpson crvers y;;;" Mo N, % i LIRS B (C

Shannon-Wiener #§ o A o ) —R);S A REEMHILK

Shannon-Wiener index(H') FEENIIE H EP'I"P'

Pielou ¥ &1 B Shannon-Wiener 5 %75 tH 89 _ .

Eveness(J) B5E J= ZPA“P')A“‘S

Margalef 5§ EEE M= (S —1)/InN

Margalef index (M)

F2 BRXFHRFOARIHBAMRANTRANEYBRFETEASE

Table 2 Physiochemical and microbial biomass characteristics of soils of Spartina salt marshes (S) and mudflat (M) in sampling seasons (mean

value = SE)
HE H 1K E LB Spartina salt marsh (S) Fe it Mudflat (M)
Item 10 A 12 A 4 A 7H 10 A 124 4 A 7H
Oct. Dec. Apr. Jul. Oct. Dec. Apr. Jul.
+ & Eh & Soil salinity (%) 1.17+£0.33 1.05+0.12 0.35%0.05 0.424+0.07 1.06%+0.18 1.11+0.39 0.29%0.04 0.31%0.10
+ 3% pH Soil pH 8.36%0.03 8.36%0.02 8.38+0.04 8.13+£0.04 8.50%+0.05 8.45+0.06 8.42+0.02 8.32+£0.13
TREKE

. 35.97%£7.04 39.58+5.28 33.97%5.38 44.4045.59 30.68+£2.06 30.60+4.44 28.13£1.7029.57+2.90
Soil water content( %)

Soil total N
£ 52 R Soil tora 0.4040.13 0.4240.08 0.2840.13 0.28+0.10 0.20£0.02 0.18+0.01 0.16=40.02 0.14=40. 01

(mg/g)

A & Soil NH,-N
(i%?f“% ! ! 3.6940.60 2.5140.28 1.97+0.62 2.3740.98 1.9240.33 2.2240.35 1.0640.09 0.9240. 34
ve/g
+ A HLE Soil organic C(%) 0. 41+0.12 0.4740.07 0.38+0.10 0.3440.07 0.23%£0.03 0.25%+0.04 0.20%0.03 0.16+0. 07
4 C/N Soil C/N 10.3140.36 11,1540, 61 16.32+7.80 12.8043.33 11. 66+0. 38 13.34+1.77 12.4542.8011.37+4. 51
) Biomass €
P8 9 B B Biomass 45. 27 53.02 40. 83 65. 07 19. 39 48.07 25. 29 59. 06
(mg/kg) )
j Biomass N
e R A Blomass 1.22 9.39 2. 96 3.37 0.68 3.49 3.57 6. 92
(mg/kg)
M C/N Biomass C/N 37.11 5.65 13.79 19. 31 28.51 13.77 7. 08 8.53
WAEEB LAY

1.10 1.13 0. ) . . 2 .

Biomass C/Soil organic C(%) ! 99 1.08 0.81 130 1.23 1.81
$ /E
LR R/ LRER 0. 31 2.22 0.73 0. 60 0. 34 1.84 1. 80 4.03

Biomass N/Soil total N

HAXBHRELRBEYE C N AL RBEDEC/NEST THM. AT RENEIBRM. THAK C FHENE
L ERHMEDLTARERRES  — AR HA LR EMNOMERREDFARHE AR EEXELHE L RNEYE
CHRE. MEDBC/THAENCMERER.FR10 A ERXFELRFE MBI MR X R TEIEXFERIE 56 L5
APECERNERDTERANC FENER R\ELILKF L KT MR W HEDXBME Ry EH AR ED.

AFR P LEMEYNEN/TREN WEMEAS T ENEYEN BT EHBEHEMGR 2) BELIEXFE DB M
FPoOEFEER HPEEKREEBL 12 AGHEIES A 4~7 ARLEBEEN. BREREFRANKLEZTHHE ;M
eMTE 7 A AAESHE. DEMEYENWERIERRT LR C/N.BHERC/N EEYR T LEPHEYHEE.
RERMAEYRERER METN.CREEEEMMEE T EAEXKFERBH LEBEYX N WA AER 534 C M A AR
HAL

Bremer il van Kessel-*“ AN & #HUEY C/N R B T SIMHKE S HEDHS TRIRMEYRFEERMN C/N, EE
KELEBTRBAEY R C/NBE TR, S EIKREHERE AW LD SESNEDMEYRBEARRET EL.
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RS MR RS, T EREYEREREDILE P
FERBARS FVBE BE EEEHRREREL—E
R, XFRBLERMEYHEE. OO TEAREEYZ
WAL, LEMEYRBERE B, B UARE

3 DUXERBEARIRNBUBTFFEYTEUZERHRE -
test)
Table 3 P value (7-test) of environmental variables between

Spartina salt marshes and mudflat in sampling seasons

BB A SRR RSB YRR RO RRHAT FH Ttem N ;p’j J”f
ERTR, TEMAEYR CHEAERM ATELEERLFHE Lmafg Soil salinity 0.214 0.711 0.131 0.181
MEEMMEYER., AR P LELRMEYRFHIERIK £ pH Soil pH 0.001  0.022 0.007 0.009
R HA KRS AR S EYE N RS A NE 12 1 & 7k & Soil water content 0.083 0.018 0.048 0.004

] + 3 2 X Soil total N 0.018 0.002 0.108 0.029
ATk L AN C T RARR. BFRUFBHER BE | g cw soil NHN 0.002  0.245 0.004 0.036
WEhE, T ERROREE RN S, HBERN AR £ WA Soil organic C 0.025 0.004 0.025 0.008
B IS IT RS KA R & C et £ C/N Soil C/N 0.010 0.080 0.222 0.702

ABRRE HAEPEIEYRAEREKESRUARESEN
YA E Fat 5B,

MEYROEVERRWAEAREVW L RRAEYHESWREETRE. AR LT EMEYE CNNEFEABEMERE . &
SEEHET ARG . BEREFEREICAG TELKRELB T EREYECNNENTEMERSZAIIHER . KRENE
CEEBMEAET AR BRAEAN4+ AL TMEYEN WESHEA 12 A6, BREMA 10 AR FRMBEYH EMEY R E
YIE Bh Z 18] BN E A RGP e AT R B KB AE K SR T AR MR B R A KRS, R T R R Y
BITES, SOEMM L MEW BN F VISR R G EMHEMUE . ERMEYRHEHRTEEER L.

2.2 HEXRFEEETEBEYES IEFIHXE

MEYBRAEERN S LEESREEDEXT . EAFRNILRHMEYEN SREMATEMAILC BRLENKE
AR E S A N K FEDAEX. SEE N BEUMARMAEYS NWEEEFEL RSN BRTHEYR N
WBE. AARRAPEEKRERB 12 AGM IO AGTIELNTERS RO THNEEXREFEIEERFFRGERE . B8
EEEPRHEN R FEMEYATHAG NN ATERSHMEYE NHE,

THRAKGEBNENSARBEENN LRMAEYR C P ERW. AR PEEKRELB LIRS KER 10 AG5 LM
BEETHSAEMIESKBRAABRASHER(RD A-ELIREMEYECHENWEAI I ZRL 5L RS KENFTE
H—B R 2>, XAREH TARAPELEKRFEHBANFEERRE FEEROTRL.2HEMALUAMKREES. LRE
KEBEHETEGSHMAWAESAEAERARERS AMZESRET LEMEYENEMAREGHE TR TEIEL.

MY L EAEVURAT AR L RN N WEERES > T RMEYR N R FROEEE A
MEBEAEENZEFEE -EWNFHELR . 2 RHUEYENES SRR T 2 EEA DT LR 1A/ - L REE KN4
B, A AGTEEXGEBLIEMEYRBEEEXTAML R E—FEE LRBREFEFEENEREET 2 8EE. A0
RPTEBEVMRBRNSZTEM S TRE N AV C. .28 C/N LUK NH,-N & EMHXHEK O.

Fa4 ERXEBHBOGARMIRMEWRETIRFSIAXRY

Table 4 The correlations of microbial biomass and soil nutrients in Spartina salt marshes (S) and mudflat (M)

T KRR Spartina salt marshes(S)

Y Mudflat(M)

TN MY R MEMER YRR e
) . Biomass C Biomass N Biomass C Biomass N
Soil nutrients
HERE FXREH LiES 3¢ XA
Correlation Correlation Correlation ¢ Correlation
13 2 ® Soil total N —0.15 0. 85 0. 46 0.54 —0.62 0. 38 —0.93 0.07
+ WA YLBE Soil organic C —0.32 0.68 0.68 0.32 —0.45 0.55 —0.80 0.20
+ 3% C/NSoil C/N —0.19 0. 80 —0.09 0.91 0. 01 0.98 —0.20 0. 80
&S | Soil NH-N —0.048 0.95 —0.29 0.71 —0.2 0.8 —0.66 0. 34

2.3 THEMAEYHEEENE —KEMARIET

BIOLOG B AR % F 8 A [7] 37 o - e 40 B 09 22 7 P R — S S A B9 7 3% L RO B 3 oT ) TR A8 D0 4 4 8 1 1 PO 0 s R 358
FAFRIAR ST . 07 B R AR B B W BRUR A HLITE) B R P8 B ok S e L AE BB VA S AR AE AR B LR R &, AR FA B
BRI T Bk RE O E LM S RN A A S S R RN E R R B M U AE R S AR BRI R IR S R
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T, AKX T REHEYREEHTENERE HED
SHRBENFABEANF R, B AN T L, FRITAR
Mt FABEAE T T EREYNEBENEREENEDS

ETLEWEYBRENARKBERYHAAEL(ED
SRR M EWEY T ANRBERYEAR FHHEN
ERAXEERLIRABEYHRAR, S8 LEL HERE
MRMEN T, KH —FHFHEUA R LR,

10 AMEREREHEKELR B S ML BB E YRS
EMER K4 AR 7 A e SRR T £ E EX
FEHBHERTAR (KO BRATERESELEPLEMEY
MRS S TR EMEERKRKRAEDKE.

Shannon-Wiener 3§ ¥ #ll Simpson ¥ LA & — ER
ErEERAERFANER, - BWE ABAHREH,
EZHMERBE. SHEEICTENBRERYAARMNEEE
NLTEI ABEERENRBAS B EMEYRENE
BIREEHESEMEEL., EHYNEREY . BN AR
7 AR BRIER KB, 5AMABEAHXBEL,
WEFTH_EEREYR,.H P 7 ABKNEFTEX, 2B F
ERAELB T EMEYBRENQH SRS E S IE 7
At MeHMeME 4 A G, _ENRIHSEENSSTAR
M, XALEEKREEBEOERRET LR EYHHENT
LEHENEEMEM.

Sarathchandra %85 & B, # b B b N 938 ho 3t i 9
METBRAT W M T N E& A &R, 853 Shannon
R (H) ME Y I8 6 % b (AWCD, Biolog GN F
BOXRAK T EMEVHEEHE TR, 2RRXERERGE
D ERKELBLEREYRNAHARENFEFEESLELN

x5 BEUHXEHRBOORABMM IRMSEMEERBERYAIFH

AR &
Table 5 The utilization of different carbon resources by soil
microbial community in Spartina salt marshes (S) and mudflat (M)
BRERYER D) 10 B Oct. 4 A Apr. 7 A Jul.
Carbon resources (ind. ) S M S M S M
2K Saccharide 9 9 24 12 24 1
FHHE K E Amino acid 5 3 15 13 17 6
#R B % Carboxylic acid 9 13 10 12 16 7
B &Y Polymer 3 2 5 2 4 1
HEMLEY Amide 2 0 2 o 2 0
o
ﬁﬁﬁ;i?ating compound ! 2 0 0 ! 0
EHEKEAL S Y Aromatics 1 1 2 2 2 1
&2 Esters 1 1 1 1 2 Q
B2 Alcohol 1 0 1 1 10
R4t4 Bromide 0 1 0 1 1 0
B2 Amines 0 0 1 0 1 1
it Total 32 32 61 44 71 17

o6 ERABRACORARM IRMAWE LSRR
Table 6 Biodiversity index of soil microbial community in Spartina

salt marshes (S) and mudflat (M)

£ 10 A Oct. 4 H Apr. 7 B Jul.
Biodiversity index S M S M S M
Shannon &%
Shannon index (&' 3.37 3.41 4,07 3.66 4.18 2.72
Pielou ¥ %] BF Eveness(J) 0.97 0.98 0.99 0.97 0.98 0.96
Margalef $& ¥
. . . - 0. .
Margalef index (M) 6.87 6.44 10.77 8.39 10.8 3.68
F EF Richness(S) 32 32 61 44 71 17

Simpson 1§ ¥

. .00 56.54 35. . 13. 94
Simpson index(1/D) 26.88 29.00 56.54 35.32 61.72

FERANBENTMR . HNGEERES IR C/NFINEML AR P LEAIRSERE. T REEMIEEREENR
HEHIC ERAFEMXXA., LHEMAEYX R BN REE MO R EL S R E LK E LB RO, B
EYBRESWHIREREET A SR g E s MR E SR E TR B 6.
F7 ERAERBORXARM I AMEYHESHEEESTNBLETFHEXY

Table 7 The correlations between microbial community functional diversity index and seil nutrients in Spartina salt marshes (S) and mudfiat

(M)

#% & Correlations

T KL Shannon 5 Pielou Y51 [ Margalef $5 ¥ FEHF Simpson f§ ¥

Soil nutrients Shannon index Eveness Margalef index Richness Simpson index

S M S M S M S M S M
+ 2K Soil total N —0.99  0.57 —0.88 0.98 —0.96  0.40 —1.00° 0.43  —0.99 0.55
T H YLK Soil organic C —0.91 0.76 —0.48 1.00" —0.96 0.62 —0. 86 0. 64 —0.92 0.74
TS A Soil NH;-N —0.91 0. 38 —0.98 0. 92 —0.85 0.19 —0.95 0.23 —0.90 0.35
+ 3% C/N Soil C/N 0. 80 0. 87 1.00" 0. 26 0.72 0. 95 0. 87 0. 94 0.79 0. 88

* p<C0. 05, N=3

TRBE YIRS R KRR bR BT B R R R M BORSTEA . Y BOA RS R RN
HRAES HAEYRBE W ERATERRTYRERMOARS. B2 BR. EEKERE HEMED RIS R
RHHARFAFREE. AHRPRE_FORBENSHOS I HILERSR/D I ERSEIRAAORERYLRE
MEGR S JREEKREMNERREBEZIPEEREYWE D, AEBEREBY REEYHARBO L REREREE
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B AR BAFOEM AT TR MY R D R TR E B A R A RER, —ENME A B RERALNABNER.

M S 1.20

0.80 0.70 7H Jul.
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