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A comparative study on the diversity of rhizospheric bacteria community

structure in constructed wetland and natural wetland with reed domination
WANG Zhonggiong'*, WANG Weidong'*, ZHU Guibing', YIN Chengqing'

1 State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract ; Shijiuyang wetland, a large scale water treatment system, has been put into operation since July 2, 2008 , aiming
to improve the quality of micropolluted drinking source water in Jiaxing City. The wetland covers 110 ha and adopted an
innovative root channel purification technology promoting the rapid formation of soil macropores at its initial operation stage.
In order to evaluate the development of specific soil microbes, the rhizospheric bacterial community diversity was examined
in two zones of Shijiuyang wetland. The diversity was compared with that of a natural wetland-Baiyangdian Lake, which had
a similar ecological structure.

The diversity of bacterial community in soil samples was characterized and compared by denaturing gradient gel
electrophoreses (DGGE) analysis of polymerase chain reaction ( PCR)-amplified bacterial 16S rRNA genes. Each band
detected by Quantity One software was taken as an “operational taxonomic unit” (OTU). Genotypic diversity indexes based
on a comparison of combined PCR-DGGE fingerprint patterns were used to assess the bacterial community diversity. In
addition, soil property and water quality were analyzed in both wetlands. Multivariate statistical analyses were conducted to
compare the similarities between the bacterial communities in both wetlands and to examine the relationships between soil
characteristics and bacterial community diversity.

It was found that the rhizospheric bacterial community of Shijiuyang wetland at first one-year operation stage had a

close genotypic richness () in comparison with that of Baiyangdian Lake natural wetland. This reflected a rapid increase of
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bacteria species in Shijiuyang wetland. Nonetheless, the bacterial evenness index (J) and Shannon index (H') in
Shijiuyang wetland were significantly lower than those of natural wetland. It was suggested that Shijiuyang wetland would
take a long time to form a stable and balanced bacterial community structure pattern. One-way analysis of variance
(ANOVA) showed that both wetlands had significant difference in Shannon index ( P=0.003) and evenness index (P =
0.001), but not in genotypic diversity. Dendrogram was derived according to Ward's hierarchical cluster analysis to
classify the sampling stations in both wetlands. The dendrogram based on soil properties indicated that the sampling stations
from the same wetland were closer to each other, and the stations from different wetlands were separated distinctly. In spite
of that, the dendrogram based on soil bacterial genotypic diversity indexes showed a different grouping pattern. Sampling
stations with relatively better water quality in Baiyangdian Lake wetland exhibited the highest level of bacterial genotypic
diversity indexes, which was separated as a single branch, then followed by the other three stations in both wetlands.
Baiyangdian Lake is severely contaminated as opposed to Shijiuyang wetland. Even so, the bacterial genotypic diversity
showed a considerable degree of spatial variation in Baiyangdian Lake. Therefore the bacterial community diversity might be
subjected to the coupled effects of pollution gradients and wetland succession period. The complex determining mechanisms
need further studies.

Finally, the relationships between soil properties and bacterial community diversities were further examined by
multivariate statistical analyses. It was suggested that the genotypic diversity indexes of rhizospheric bacteria would increase
with the decrease of pollutant concentrations in Baiyangdian Lake. Regression analyses revealed that, of all soil variables
examined, the soil bacterial diversities were significantly related to soil total nitrogen ( STN). The corresponding linear
expressions were as follows, $=22.98+3. 11 xSTN (P=0.0993), J=0.78+0.066xSTN (P=0.0455), H' =2.44+
0.31xSTN (P =0.0334). However there was no clear relationship between the bacterial diversities and other soil

characteristics.

Key Words: Shijiuyang constructed wetland in Jiaxing City; Baiyangdian Lake; reed-dominated wetlands; genotypic
diversity indexes; PCR-DGGE

N b AR AE 7K U5 A A5 PR A8 B2 R/K AR T s il v 3z i P Tl B T PRI R S A T
FAR LBRT5 Y ST A RO A Y ) 5 A 0 R RS G e o AR R iV AT
Mo - ST E MR I A5 R SRR AT LB AT

FF R A WHE NV (polymerase chain reaction, PCR) 4% R 9 28 PR 45 i % % FEL K ( denaturing gradient gel
electrophoreses, DGGE ) 72—l i i it 5 A U/ E MU RE IS 45 H Z2 REIE 09 20 T SR 1S 7 vk o 10T IR 0 RN
TR, BB s o ot R R B 1 9% DAL R 0 E X TR [] A R4 B T v 5 A0 2 R A R AIE R 2 LU
ARALTT R, DGGE 43 T8 SUEI I il 76— 2 B e+ S0 i I 45 AR MR 22 5

BN T IR M AR R e W B A M SCRIFFE X TS [ 18 b 2R 96 L B 3 i 14 AR [ 3 8 o Bt 2
WIREVE S L 2 R AR A SC R M B Z ARG E IR 1 R Mot R AR Py 30 T A FE K /K T8 - 285 A i
HAI R O BOK AE A YR PR AN R Ve 2540 A I A P B R R DRI . R AR SE LASE 4T A
R ARl PR AP W 1 ( LA AT FR 5 24 A0 L BRI ) S ], 3 ] PCR-DGGE 4348 LB L B9 1 s 4101
e A R T b R SR L (3 D RFRT RT3, DA AT 9 D8 MR ) 2 25 AR P At TR A V% 45 4 2 R PR
AR
1 #REFZE
1.1 AR5

A FIRR IR T 5 4 T PEIE A, M FRAT Eh N30°467  E120°41'—120°42"  J& Ry fift P38 2% 1 A AR 7K K U
7K 5 [ A5 T A 14 1 A A TR K B AR IR M R 8, B T AL 108. 7 hm® , v il M T AR 45. 4 hm® |, K38 1T AR
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63.3 hm’, F&24AFFKIBHLT 2008 4 7 A FFIRIRETT, & 2009 4 6 HIEX AT, HErE Meh R 52
TR, TR N KA Y Z R R S DS I 3 LM 35 ( Phragmites australis Trin. ) VE A RS A0 s R AL HFp
BORE AL 5 5 7 K AR A ) A B BE R 62% 5 24T HL AL WS 23 KUK, AR 15,9 °C AR RE TR
& 1179 mm,

FIETE AL T b M1 jE , R A TR 5 09 0 B A8 v 3 o IR AR K 1 b, b A R N38°43'—
39°02',E115°38'—116°07", & X B HIFL 366 km® (/K IE AT =2 10.5 m) . ZERVEMEN, LU 36 ( Phragmites
australis var. baiyangdiansis) FERN FOAFIE R K BEASEET 20 5 36% o FITEVEAL T AR 02 KUIX e Tt A 2 T 5
DX, KBl PE AR A 3 AR 12,1 °C AR K i 522.7 mm,

1.2 Wk

F2009 49 A % 1 BE T b 2B ELBE PN A0 RFIATAT 1 3 DX 3 2 A PR 3 4% Th BB IX 1R 7K 0B £
KFESAT I E AR (¢) S ARE(DO) pH SEK AT IFE R . SRAE IS (7K A FH P AN 45 O 5 A 11 B 72 7
A, IS Pz IS % 7E 4 C R RTE, T 48 h NI S A& (TN) LSV (TP) .

2009 4E9 H 28 H , KA FAVETEIRHERAE S 450 ST IS5 B 25 MEPR 38, 1 PRI o7 B 25 1 RN ELA R
BE A5 WS 30k 2009 4F 9 H 21 H  RAEFE 2447 FIBEIE LI IX AR X RAE .45 543 31k X1 A JX2
FARE DR b ) P AR B 398 | 35 2 FR T b T A B S BAR o KOR BRI 1, BN R S em H
WY 2 FIR LSRR B LI 3 > 1A % IR )2 (0—10 em) (H1)2(20—30 em) FIJK)ZE (40—50 cm)
SRS R 3 A R KRGS B R SR A B 48P BT oK R R SR R AR A2 SR = AT
N s = i
[ | { !

100 250m

1 EXAHREMTEFENSRAEE

Fig. 1 Plan view and zoning diagram of Shijiuyang wetland in Jiaxing City
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3BT, BT R ISR ZE TR AP ALK ZETE R R 280 Kk B A 8% IRIHAS SO O )2 4 S it ik A 7
Y E TR S5 T Z FEPERT S AR 1 2R i T S il 4 LM A 5%
1.2.1  FEARHLIEPR I E

IKFEH IR FR R YST 38 [ 4E TR a8/ Hi 5 ) YST6600 570 2 S K0K i W At A7 Blsm i 2 . /K
X TN TP % JH i B R 484k - 28 P 43O RE VRN 5 A A (NH-N) SR AR O e . Hi4
Wk (STC) A% (STN) & & HH I R 4 M (15 [E Elementar 23 7)) W 52 ; + 3% pH B 10150 3 547 pH it
IR 38
1.2.2 13 DNA $2H

JH FastDNA Spin Kit for Soil 177 & ( Qbiogene, Carlsbad, CA) 2+ 1Y DNA , $2H A9 48 DNA a4t
FEFN = 5 F 1% B MR HHEE I VKRN . A JK 7R DNA R B 435 K F 20000 bp, A O RS8R A B +
SERAEY) DNA
1.2.3 16S rDNA 3 [H V6—V8 X 1

() HTE SR T 5/ 34 A 40-bp GC 32 ( GC-clamp ) (93 F 514 954f( GCA CAA GCG GTGGAG CAT
GTG G) Fl1 1369r( GCC CGG GAA CGT ATT CAC CG) ,GC KR4549(5'-CGC CCG CCG CGC GCG GCG GGC
GGG GCG GGG GCA CGG GGG G-3") , Hy =4 B Bk LR 456 bp' 7', ™4 B X8 M Bio-Rad i Cycle
LRI

(2) P 3 RARFR BT (50 pL) ZHAL: 1 xPCR ZZ#hif&, 1. 5 mmol/L MgCl, ,0. 8 mmol/L dNTPs 0. 4pmol/L
BIER a1 51 97,2. 5 U Taqg DNA A0, 1.0 pg/pl - 1% & A (Bovin serum albumin, BSA) ,1—10 ng +
3 DNA,

(3)PCR J Wi 5514 :94 CHiZE M 5 min; 10 PMEFRAY touchdown PCR(94 CZEPE 60 5,65 C F] 55 °C (HA>
PEFRIR IR EEREAR 1 °C )R K 60 5,72 CHEM 3 min) 515 DMEFRAFH L PCR (94 CZEME 1 min,55 ‘CIRK 60 s,
72 CHEA 3 min) ;72 CHEM 10 min, PCR SN 4 8 4[BE A1 ™ 5 1 1% BBl e i vk szl
1.2.4 EYEREEHLIK (DGGE)

AR PR 1 B8 I FL Uk U ES A DCode Universal Mutation Detection System ( Bio-Rad , Hercules, USA ) , fIf
RN IRTHE RIS ( PR TBE I < Y SOBUR 37.5:1) BRI 6% (i AE TARY) TR IR S5 A FRAF] ) | 28 M A
JEJEIE 2 35% —60% (100% FIZETEFR A5 A 40% 492585 7 W LA 7 mol/L BIJRER) , LA N PCR 4]
200 ng, DGGE a7 4044 1E 1 xTAE 25 b ,60 °C 545,100 V iz4T 8 h, HLIKSEMJE, I 1:10000 fY
SYBR Green Nucleic Acid Gel Stain ( Invitrogen, Eugene, USA) %% @ 30 min, F§ Gel Documentation System
(Syngene, Frederick, USA) WM yk 25 SR I A%

1.3 BdsibEmsit i

SCREARGET R ] SPSS 16.0 1 SAS 9. x AT, J7 220 AR T SCEAMAR AL (GLM) iy ANOVA I
S 2215 2 T R (Duncan 3% o BRAERRIIUEH , IrA et 2% i K P48 a=0.05, JEEAI 2R 20 AR
P DGGE 73 FH5 8L E i , H Quantity One( Bio-Rad, Hercules, USA ) #4: HbA o Uk 25t (IR B 3 K BE S 5%
B s|, HAACh . OILE A F 5 B (genotypic richness, S) JER MR AT AL (OTU) B H ; @ F R L HE
PEFEEL (Shannon index, H') :H' ==X p,In(p,) , HoH p, & H Quantity One FK{IAS (1) 257 AH XS 52 B s @ &) B
F8% (evenness index, J) :J=H'/H A H =InS, 415 BEV% S50 1) 201K ] The complete linkage -
%, B Quantity One {4 SE B, 35 T + 83 A0 48 b5 2 T8 B 7% 2 R 1 48 2000 43 )2 SR 2R B 22 °F- 5 ik
(Ward ) 153,

2 HRE5HW
2.1 FEARFALIERR
2.1.1  {RHb M FROK IR i
F 1 DL 2 AR S BB W Y AR IR K R W BRAL PR BE . AL e 7 1) 35 2 A F R b K IR 5
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HiAbIET7 B I PETEIRHEZ) 2 °C (P=0.0005) . FITETEIRHKAR pH (55 244 AR E 1 0. 6—0.8 P
{1 (P<0.0001) , HRHE oK IR T - A8 S I AR BLE (A7) ) (RN ZE [ 2004 172 5) R AGHL
FE , P VE B R RT3 1 DX B B e b X, R 3K PR35 o s b v ( GB 3838—2002) 45 V 28K ik,
HOKAMA TN TP NH-N 3% B 535 5 T3 2% A0 F RN b B05 Y R K 0% R 0L 3 B8 (P35 R TV 280K ) |, miT & 40 1
RJEHM 6.5 f5.5. 1 A5AN19. 4 544, AHJ& FHEEVENRH /KR DO MRS, fie/IMELH 4. 92 me/L, & T %
D PR B KK (4.70 mg/L) SEHA(E N 9. 12 mg/L(MANE 121% ) , e KAEILF] 14. 83 mg/L( 1A
FE197% ) , g% A F R IB A DO A8, Hg IR B8 1. 80 mg/L, IR 3. 45 me/L (M A1JE
47.3% ) . LA EREPIANE K A DO A pH (H Y255, X AT BB PR e IR oK b & K2 DK 77
TR A 5, SCSEAE A (1 6 VE T P2 SRR B TE TR b K K DO YR BE e v 3R A SR IR, AR A T AR 1
WFFE, RAF a5 ST BE B PR 8 W0 R IT ADE 11 c3E , A 95 Y 5 9] 1 X35, S5 50467 F v ] ok 8 2 v IX 3k,
23 YE DX PN K S 437 0 245 B K Bl 38 ST () A R e Ab SR AE A S5 UK BDIRBE I AR T ST, 58 %A FHERIE
HAG D FIRG X 2 AN SRAE A5 IXT AT JX2 ()23 (8] 85 BEAR XT8N (1 k), HIB 7K @ 305 e iliok , R, 2 A~ RAE

ST K T A 2B K
*1 MREEBEEKREIER
Table 1 Properties of water samples from study sites

5 X35, ZitHA KR H ey itz BA S HAER

Study sites Statistics value t/C P DO/ (mg/L) TN/ (mg/L) TP/ (mg/L) NH}-N/(mg/L)
I VE F-H){H Mean 30.13b 7.96a 9.12a 12.31a 0.81a 5.64a
Baiyangdian wetland H/IME Minimum 30.00 7.62 4.92 9.03 0.54 2.29
(n=4) e KAH Maximum 30.30 8.33 14.83 15.02 1.07 9.07
FA R L FHME 32.35a 7.31b 3.45h 1.89h 0.16b 0.29h
Shijiuyang wetland in W/ IME 31.50 7.00 1.80 1.64 0.12 0.17
Jiaxing City(n=51) WA 33.40 7.50 4.70 2.34 0.18 0.48

[Fl—F A LA BA IR TR 225 A8 3%

2.1.2 @b EbERR

FIFEVE IR AN 5 24 A A BRI P 2 FIEE b A R 2 5. FIPRIETE X LIR30 il 4 B
AT, JE R AR £, pH (E7E 8. 1 247, M Fa %A FER . e R, £, H g
WU & i im , 76 2 s S1.85 2 N SRbE S AR Ak a & Euhmﬂﬁﬁ%\iﬁamﬂﬂﬁ XA 57K AR AL A
—E, (HARE R IR TE N R RURIBR Y 4 X 1% i v T 5 2% A FL R b, i HL /N H 2
HA F R AR /D R )2 7 B AT U Y R )RR T B X ST nﬁ,*ﬁﬁ?fu%‘?ﬁ'ﬁm , AL ()
FER R A T I Y R

*2 HIRREHETE(20—30 cm) EREUER

Table 2 Properties of soil samples in the top 20 cm to 30 cm layer of study sites

FEHL 45 Plot pH 42k STC/ (g/kg) 48 STN/ (g/kg) C/N
sl 8.16 20.95 1.06 19.67
S5 8.09 18.55 1.45 12.83
X1 7.68 8.85 0.71 12.39
X2 7.69 3.24 0.50 6.53

2.2 YHRBEIE LS AR g
FAETE TR A 5 24 F R 2 S5 AR B AN B E V4 B9 DGGE 43 F-Ha st KIS an K 2 Fias , BEASREE AS 1

2 PAT . SRHTBER EUR 3 H RGEX DGGE 43 18 80 K11 i1k

T4 A IR AT 31 MORTE ) OTU (5%

IR | ST ER A RN T 5 A SRAE AU P 28 40 F AR PR BEAN S, HE b R 3 2l 2 B A R A o

P B (EA TR B A i 22 ) A A — 28 22 7
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TEARAS MR BESE R A, ELORFA AT WL, 17 R D SR MR AR ST A S5 1) 2R AR X 45 50 231 T B A AR PR JEE
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2 BFERMAENG HREM T IEAE A% DGGE 2 Fieg %
Fig. 2 DGGE banding patterns of PCR—-amplified bacterial 16S rRNA gene fragment in Baiyangdian wetland and Shijiuyang wetland in
Jiaxing City

T RN G RV S A B R R AR ZREVETR BORI S BEFR A0 ANOVA pHr &5 R W3R 3, 7= XA FTk
MG XA DX 2 A A P 25 AR PR - S A TR VR S R B T AR R Z ARV BRI &) e B 2 18] 44 J6
RS AR HEVEN D 2 AR SUZ ] BRI S BERR B0, oA 2 MR BT B 25 5% . S5 miAR by 11
YN RE TR SRR R 5 B AR SRR BRI S BERR B i T i THAR 3 M, BREER A W
Ah, I TE N AN 5 2 FI SR = B AR B T IR TR B I 2 M B M A 2 25 5

*3 EEFREEHMMEXAAREM T EARFEENERR SHE
Table 3  Genotypic diversity indexes based on DGGE banding patterns in Baiyangdian wetland and Shijiuyang wetland in Jiaxing City

FE RS B DR o B FAHEEL Ho) R AR
Plot Genotypic richness Shannon index Evenness index
S1 25.5+0.7 a 2.768+0.024 b 0.855+0.000 b
S5 28.0+0.0b 2.908+0.038 ¢ 0.873+0.011 b
JX1 25.0+0.0 a 2.621+0.025 a 0.814+0.008 a
X2 25.0+0.0 a 2.634+0.044 a 0.818+0.014 a

SIS E AR ERE AN R TR 2R b B ) 22 57 3 (P<0.05)

XA il 4 TR T A A B T A A B SRS T A R AN 3 5 %A BRI B 2 SRR T B A R A
BEZ BRI N 52% , AR TERR I 2 S RAE S AN TERETR BRI N 57% .
3 g
3.1 NG b A SR T R0 M - SR A R A 45 R AR LR

A ARSI (1—1.5 a) PEEAREs TN MR C 2800 B, 2RI E0E Bos . @
I, 5 EPETE R X R 2o N ) [ R B0 R SRR AT LU, 3 L AR VR 2 R AR U IR
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43% (FE 3) . AR AFEZERIA RS AL o043 o050 o060 070 080 090 100

I R o SRS R, — R R, B % P A e
1, R R B R Fierer F Jackson HYBF5T R, 0.80 o
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