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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—Xial’z , LIU Jin"El s QIN Pei'” (1. Life Science School, Nanjing University, Nanjing 210093;2. Kunming Institute
of Botany, 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 Mocal species in the coastal zone of China. Impacts of S. alterniflora to inter-
tidal soil microbiological properties and soil microbial divefsity 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
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Fig.1 The location of the salt marshes and mudflats sampled at Jiangsu, China and the sampling schemé along the inter-tidal area
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BEIEST 5 PARIMKEMA RS S — A%ﬁh%ﬁ%ﬂ%ﬁu WA XNV EEDIGE L AE ML,
TRBEDRB HKEHEET 10g N T2EBOFHE LA, IMA 100 ml THEES 0. Imol/L B & W & (K.HPO,/KH,PO,,
pH 7.2),F 30C,150 r/min KR H 20 min, RJF 500X g B 5 min, W EFBLBPN1: 10 BB HH L ABME v EHK
B 105,785 1 : 100 £, AT BIOLOG ¥ = b .

ELISA i B BIOLOG GN ¥ Mk A BE , BABIZE 1 2 100 2|4 YR B, in 3] BIOLOG GN # ¥ ik
L, B FL AR 1200 %% T #E 8 BIOLOG PR F 30CEBEF;REIBE P4 A7 0, 24, 48,72,96,120,144 h, A ELISA i
% AR BE B 2% (BIO-RAD 3550 Microplate Reader)F 595 nm K128 . id X85,
1.2.4 FOEAE BE4L BN A STATICTICA (StatSoft,Inc. 1993)# 47 (p <<0.05),
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Table 1 Formulas for functional diversity calculations of soil microbial communities

EREPEE R F1T 1A A &

Biodiversity index Connotation Formulas Remark

:2:22 fxfrsity index (D) R E D=1~- > P? P; 2k N: 584583 R EHEB

e Mo s N, % i TLE AR X B T (C
annon-wiener 9a ES I 1nP; —R);S MBI RETHAHILE

Shannon-Wiener index(H') REANNE H E PilnP, |

Pielou ¥4 ¥ i Shannon-Wiener 3§ (18 1 ¥ L D

Eveness(J) ¥EE S = ZP,lnP,)/lnS

Margalef 83X

F = (S — 1)/InN
Margalef index (M) EE M= —-1)/In

N2 EREXERBAMEBETINBAERANLIAMNEDRFTELRE

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

value +SE)
T " EEKE#A Spartina salt marsh (S) '_ Y9 Mudflat (M) -
ii 10 A 12 A 4 H 7H 10 A 12 A 4 A 7H
__ Oct. Dec. Apr. Jul. Oct. Dec. Apr. Jul.
+ & & Soil salinity(%) 1.17£0.33 1.0540.12 0.35+0.05 0.4240.07 1.0640.18 1.1140.39 0.2940.04 0.3140. 10
+ 3% pH Soil pH 8.36--0.03 8.36-:0.02 8.38+0.04 8.13+0.04 8.5040.05 8.45+0.06 8.4240.02 8.32+0.13
tRAKRE 35.977. 04 39.58=5.28 33.97%5.38 44.40+5.59 30.68£2.06 30. 60+ 4. 44 28.13+1.70 29. 57+2. 90

Soil water content( %)

+ 42 A Soil total N
(mg/g)

0.404+0.13 0.42+40.08 0.28+0.13 0.284+0.10 0.20x0.02 0.184+0.01 0.16x0.02 0.1440.01

L,

3.694+0.60 2.5140.28 1.97+£0.62 2.374+0.98 1.9240.33 2.224+0.35 1.0640.09 0.9240. 34

(pg/g)
+ 3% A PLB% Soil organic C(%) 0.41+0.12 0.47+0.07 0.38£0.10 0.3440.07 0.231+0.03 0.254+0.04 0.20£0.03 0.16=+0. 07
4 1 C/N Soil C/N 10.31+0.36 11.1540.61a16.32+7.80 12.80+3.33 11.66-+0.38 13.341+1.77 12.45+2. 80 11. 37 14. 51
e Py BBk Biomass C 45. 27 53. 02 40. 83 65. 07 19. 39 48. 07 25. 29 59. 06
(mg/kg)
i Biomass N
BEYRE Biomass 1. 22 9. 39 2. 96 3. 37 0. 68 3. 49 3.57 6. 92
(mg/kg) -
P4 E C/N Biomass C/N 37,11 5. 65 13. 79 19. 31 28. 51 13. 77 7. 08 8.53
WA R /L RA DL

: : 0. 99 : : 1. 30 : .
Biomass C/Soil organic C(%) 110 113 1. 08 0- 81 123 1.8l
MEDRA/LRER 0. 31 2.22 0.73 0. 60 0. 34 1. 84 1. 80 4. 03

Biomass N/Soil total N

A T i S

BFHEXELBIEMEYEC N RTEHAYDERC/NESES TR, LML EEINESTERMK,.ATAAKN C WAHXTE
D EBBEDLETRERRES, —BEEYHA TR, EMMERARESF KB EY  AEREEXERBELEREYR
CRE. MEYEC/THENCHERER, R 10 AN B KRERBEREM LK, XEH FEAEKRELTE SEME LT
YR CEEBMNERDPTLIEBVNCEEBNER . RPEAXRELKE , BEF B EYX KN E YR F BAEAXTELD,
AP HEEEYRN/THELN HENTAELEHMEYEN WENTTHBEMEUGE 2) (BAEDLEKRELBMCH
h - EFEER.HPEEXREEBU 12 ARBENEE N 4~7 B EBRERN, BHEREERAUKLEZTYHHE ;W
ME7ANAEEERE. T EFREDENMVBRKEIERRTFLRC/N,BAHLEC/N EER W T P RAEYRIEE, X
BREEYHERRR HETFN,CEFEENRAEFS . EHEKEEBS L BBEYX N MR FEK 53 C iy R
L

Bremer #l van Kessel “ UGB K MAY C/N AIgER @ T S AP E I MEDEM FTREREVRAFERHC/N, Bk

XEHBTRBEYR C/N BT, SHEEXENERENEFT LBPSEENESIMEYREARLRE T L.

T
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TS EENESISARBENN T BEEYRCEAER,. AWRPELKRELRB LRI KERR 10 A4, #E KA
- YMBCHETEAUFAREELEIKENETE
x: 11

BMEEWHELMIESKERARABRHERGE D, BE2H LR
fb— (K 2). XoTRBRE H FAB R b EIEAKE I B B AR 7

Y BRMENTARAEARAFET LRAMEYHES A RS
BEMRE 7 AL . REERENAE 10 A MERKREDRE LR
CEEMEET AR . BKEN4 AR M EYE N WERMETE 12 A6, SEEN 10 A 6. ARBHE D RS

YIEsh2Z BB REAFMHEXES, AT R, ERAXENERIF T A
15 3h, SOEMEM L A YR M FEN SIS A R I A, ER-

%3 BEUKERARARIRNBUBFETEALEZRNERE -

test)

Table 3

P value (z-test) of environmental variables between

Spartina salt marshes and mudflat in sampling seasons

10 H 12 A 4 H 7H

A H ltem Oct. Dec. Apr. Jul.
+ % & th & Soil salinity 0.214 0.711 0.131 0.181
1 3 pH Soil pH 0.001 0.022 0.007 0.009
+ & K Soil water content  0.083  0.018  0.048 0.004
4 3% 4 % Soil total N 0.018 0.002 0.108 0.029
+ ek A X Soil NH,4-N 0.002 0.245 0.004 0.036
+ /HE PR Soil organic C 0.025 0.004 0.025 0.008
+ 3 C/N Soil C/N 0.010 0.080 0.222 0.702

n

+ A
KBEY NHEE . BHETLEPES N BBEERA

FA ], H A 4
X7/p-Eilk &

=T, EMTEMEYE C NHEFE/LBEMRE
B C.NHEVTEUBEESZAR

» BX

X /B

MM AERKES, BT BEWH L REEY

-V H R PTRE B R a4 .

=& N {H.

- YENSBESMALERNFYC BARHHE
YR N

WA ERE . B

FEREEE R, 2 E MU EKREE, ]

KEHEWEDSHARAASEEAERAZER AMZESRAP I RHMEY BN EAARBEEE T K FEBIEL.

M+ BEERNZAGEEE-EWEHELED), THBAEYERENEZ LR T HHFAAMT LB KA, B
AR EEAELR B EEEYDELE AT AR+ A FRFIRBEBRFHEBENEKERT
N+ M BRNET TS IE S N.AILC. L C/N L& NH,-N T B EFHXHGE 4.

TP L RE VRN T AL R AR N WEERES ™, L HMEYE N BEY RS E,

F4 EEXERBOSXRMIANEDRSIMFIEXEN

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

H H.

- EIE KD R
SIRTEE . A

HIEK BB Spartina salt marshes(S) ¥ 7 Mudflat (M)
4 M3 4 MEYBRK MEDEX WA R K HEDRE
. _ Biomass C Biomass N Biomass C Biomass N
Soil nutrients
HRER HX R XA HXRE
Correlation p Correlation Correlation Correlation P

1+ 142X Soil total N —0.15 0. 85 0. 46 0.54 0. 62 0. 38 —0. 93 0. 07
+ #EH HLk Soil organic C —0. 32 0. 68 0. 68 0. 32 —0. 45 0. 55 — 0. 80 0. 20
+ 8 C/NSoil C/N —0.19 0. 80 —0. 09 0. 91 0. 01 0.98 —0. 20 0. 80
+ WS A Soil NH,-N —0. 048 0. 95 —0. 29 0.71 —0. 2 0. 8 —0. 66 0. 34

il

2.3 THRMAEYBEEERE — kEA LT

BIOLOG H#ARM FRMARAM S T RAFHERTERE K

SAF AR M, O B RARE AR Y 0 BRIR (B UL B9 A R R BE DR S R L AR BT B ARAE , TR A B A PR
38 . B9 I 3% 7 vk AE 6 T UL b S B A A 2 T B 58 B, IR I R R BR AR W B IR S RO AR R AT AE WA BB A

MR EETATIF A ED ZEETRIM LA

% , H A4 3 1E 3l

EYINRE S HETE R
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ST A5 SRR LK B £R R A

At

9 3

Ak, AREX ST REREYHEEHTENERE . MEY %S EEXFERBOERARMINANEDN ERRRYXBH
WHRENAABREMS R, WBERASHENTL. HHEFA AMRRER
A LA ABE T I ESMEYNEENNEFEENLEDS Table 5  The utilization of different carbon resources by soil

2=y microbial community in Spartina salt marshes (S) and mudflat (M)

AT LRBEDRENFABRBRAOAAMR 5 oewRB) - A Do 29 2 A

S HTR B, M MO W FT R OB BUR DB AR LB @ Seccharide < s @ 1z

HAEKE R L MO BE IR, W LU M HEMIE Amino acid 5 15 13 17

ARMAR E, RV HA MR E Y EEAR . if; cerboylc acid o0 e
10 ARMSERBRERKERB SRR LRBEDBE oo 0,

WREMEFRK 4 AHH 7 AHOEHEBERAFRALER  ampan

HEBHEETFXM(E) . BT EADRGZPTTEMAEY Phosphorylating compound

oy

DD O o 1 W
O =~

-
N
O
c’::.c::m
-
[

IR E AN 5 E KA KRB R . ziﬁi‘f% % Aromatics A G
Shannon-Wiener 8% #1 Simpson 1§ ¥ K B4 5] £ — E B B2 Alcohol ) o , . | . 5

B LrEERHEEZFGENER, - BRTS  EEEHBEH, R4 Bromide 0 1 0 1 1 0
EHEEIBE. CEEEIGTIEMRERDAHLBERE f&d8 Amines 0 0 1 0 | 1
41t Total 32 32 61 44 71 17

IO A EEKRKERNBRBRM . EH I RBMAEYRHEAE
ENEERUETHRMEL. ERYNERPT.RENAAN w6 spream©RAROD T RRENEE S REHN 1LY
M7 A GBI FREMEL SOEMABBAHREMEL:  rable 6 Biodiversity index of soil microbial community in Spartina
WEYTH _EHEEZRBRHR . KT 7AHKNERER., AR F salt marshes (S) and mudflat (M) |

BEHABEHRB I HBEYHENABEEEERFERRE 7 ZREVETE I 10 H Oct. 4 RH Apr. 7 H Jul.

A6 TR RZE 4 A4, =& WRB SRR TT AR Biodiversity index S M S M S M
TR KR KR LRI E T g s Lo s as o
15 B B K & e 7E A Pielou #]4] fF Eveness(J) 0.97 0.98 0.99 0.97 0.98 0.96
Sarathchandra %534%}9‘{2{% B R N H3RmM 8 5 ;ﬁarga}ei *E'dﬁ ) 6.87 6.44 10.77 8.39 10.8 3.68
MEBSEBEEREEZW; /A EMT NERAR)S,#t Shannon argale .m ex( |
F 2 B Richness(S) 32 32 61 44 71 17
ZHE P8 B (H ) M 3y fL Bl 8 AF 4B (AWCD, Biolog GN Simpson 1% %1

POERM T EEAEYIESHETR., EMTLERER(E  Simpson index(1/D) 26.88 29.00 56.54 35.32 61.72 13. 94
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Table 7 The correlations between microbial community functional diversity index and soil nutrients in Spartina salt marshes (S) and mudflat

(M)
FH % Z B Correlations T

1 1% 3% 47 Shannon 35 ¥ Pielou 5 K Margalef 35 £HE Simpson 1§ %

Soil nutrients Shannon index Eveness Margalef index Richness Simpson index

S M S M S M S M S M
+ 13 2 & Soil total N — 0. 99 0. 57 —0. 88 0. 98 —0. 96 0. 40 —1.00~ 0.43 — 0. 99 0. 55
+ 3 F YLk Soil organic C —0. 91 0.76 —0. 48 1.00* —0.96 0.62 —0.86 0. 64 —0.92 0. 74
T R E AR Soil NH4-N —0. 91 0. 38 —0.98  0.92 —0. 85 0.19 —0.95 0. 23 —0. 90 0. 35
+ 38 C/N Soil C/N 0. 80 0. 87 1.00* 0.26 _ 0. Z_Z 0.2? 0. 87 0. 94 0.79 0. 88
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Fig.2 AWCD of soil microbial community level physiological profiles in different sampling seasons in Spartina salt marshes (S) and

mudflat (M)
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