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13.0% F12.9% ) JEREE ] ( Firmicutes, 433124 23. 6% 1 10. 1% ) FHTZE &[] ( Actinobacteria , 53314 27. 6%
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FEIPAIR DL o BRI N AR 22 B BRI B i oy AR L Fh A TE . A4 K X R A L2 PE B0 T A
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B S 0, Sy ) 36 A 0 22 A0 R VA0 5 25 7K E
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1.1 ##
111 EZF LA Hinf T % YIEE 0 A
TaKaRa 23 1 5 51 ) FIFE 51 45 B 2 i b i 2R T4 R
W5 5 K 5 A G 5 T 3 2 B AR 5t oo I %2 5 PCR
X (Biometra, &[5 ) .
112 Segpbkt 5 EORE 5 ik il R 3R A b st
W) R 52 el - A KB B X R H ot B R K e B
X, 2% DX P AR K E R B[] 24 2 4R AR 7KK IR R A 5T
T = B 5 KA T R A B OK, B KRS TR
JIE AL BRSO A B SR S N [ AT R
VEWE , HEWE K UL ER 1, 2005 4R 7 11 B, 76 M
DX 4% B A TR B IBORE A T DU 43 i) B B R AR PR
(PEARTA 2 mm) + HERE S, BAKE X M4 h
RW, FORKE X L FH DW,

£1 BHEAULEER

Table 1  Chemical properities of irrigation water
Item RW DW
pH 7.4 7.5
c¢(EC)/(ds/m) 1. 44 0. 866
c¢(TDS)/(mg/L) 836 574
¢(Cl”)/(mg/L) 192. 6 67.1
¢(NO*")/(mg/L) 41.1 n. a.
¢(NO'")/(mg/L) 81.4 53.5
¢(S0; )/ (mg/L) 94.8 102.7
¢(PO}" )/ (mg/L) 0.341 n.a
¢(B)/(mg/L) 0.099 0.073
c(Fe’* | Fe’* )/(mg/L) 0.0179 0.0031
e(Ca®* )/ (mg/L) 0. 0042 0. 0046
¢(Zn*" ) /(mg/L) 0.1017 0.3051
c(Na®)/(mg/L) 128.2 49.23
¢(Ca’*)/(mg/L) 93.15 105. 1
(Mg ")/ (mg/L) 36.98 42.07
¢(K")/(mg/L) 18.94 2.586
¢(Cd)/(mg/L) 0. 0007 n.a
c(As)/(mg/L) 0. 007 n. a.
c¢(Hg)/(mg/L) n. a. n. a.
c(Ag)/(mg/L) 0. 0074 0.0077

n. a. means not detected.
1.2 HEMERSG®

RPN R T = S P F
HERESL S o, KRR AR B, #4107 —10 " fY

Fis A ity HROAS [) o B2 S5 R I AR B 45 0. 1 mL U AR
T LB G FE TR b, BN EL 3 MR,
28°C B B TH IR 5 95 T B, MR RE AR AR LR VR AU
30 —300 i [l (% 7 B B, 8 BT A B0 TA 8 O3 ) e 1
RIZEAE LB B 32 3P i b, o B alifb . 4lifb s B
ool 28 HOIH A R A o

1.3 PCR &K & &

FHIC TR A 2 Pk /b TR AR H B T 20 L JC R 78
MK, B 7K ¥ 10 min, 57 BV E F UK B S min, #.0 )5
4CLRAF TR 2 L VS VEBIAR
1.4 16S rDNA ¥ i

41 8 51 ¥ F 4. 765f . 5'-GGAGCAAAC
AGGATTTGATA-3",1492r:5'-GGTTACCTTGTTACGA
CTT-3""" ., RJH 25 wL B4R R 9718 S 0 461 4 -
94°C 5 min;94°C 1 min,48°C 1 min,72°C 1 min,30
AEFR;72C 10 ming 1 % Byt g W Bk B A Tk A6 D
PCR ¥y,

1.5 ARDRA &#

PCR #2443 5 F Hinf I (Haelll \Alu T ¥E47 ]
4379520 pL PR R th & A 4U WAJREE, 1 x Buffer,
PCR j7¥J°}y 400 ng, 37CIHIRE K 4 h, 2 % Bifg
BEEE B HL Uk R mE DD M. mE DD RS R
SPSS13. 0 K H kAT 7 o
1.6 16S rDNA | FF #0485 BL 1% 43 #7

R4 SPSS J A 45 2Rt il U 141 3% AH L1 K T
95% (1) B Rk I — 25, I DI o B B Bk 38 — # oK I
P18 PCR =W alifb )5 3% LA T 3E4T DNA 7 41
JE o RAFHTHI R Clustal X 25 #4777 51 LL 4T,
AERIPEAR T 97 % 1 )7 51 % 53¢ GeneBank %45 1% .

2 %X

2.1 ARDRA Z&EMH#H

AR K BEPPAR BRRE b R4S 138 By, A
R AT BEAE dh rp AR AR 123 Bk B9, B bk PCR ™
Y145 Hinf 1 Hae Tl \Alu T 3547 Y0 4 %9, i )
Gy FUAS B (4 AE 43 25 B0 (OTU ) #E47 Dice #¢ &
BT, LABAS (9 AN 7] OTU A 26 22 500 516 B4
A g N [ BT [RD A B4 2R 5066 1, 73 Ao IR G 5
KT T AR A 1 AR AL PE 2R BOHE W R 4T SPSS 43 R 2K
GYHT AR TR 2 45 L B E X 261 BRI bR E— 2 S
IRk 26 NASTE OTU, Hrp 20 4~k OTU Wi 3 X 3t
AL, R RS BRA K OTU,
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M AN [6] B 5 1 OTU B % 73 B %L (isolate
number, IN) 7F iZ ¥ & B B AR 49 B %X (all isolate
numbers, AIN) o iy LG5, % TR PR ) 9 A 15 0 3647 T
Gt (1) o FRAE KRR 23 5 T Pk rh 0 o5 A 34 iy
3AFEEMAEYRBMRK H RW-0TUI4, RW-
OTU25 RW-OTU21, [ 3k /K ¥ 5 43 B 1R #k rh 450
AR 3 S A W R BRI O DW-0TU21
DW-OTU15 . DW-OTU11/23, 4 # [X I 3 fil A 4 26
FEXAE LA 1) 20 4> OTU 231, Horfr,OTU21 S P E

18

16 - oDW
14+ ®RW

(=) (i8]
T T

OTUs IN/AIN/%
oo
T

1 2 3 4 5 6 7

DXAAT 1 0 35 OTU, H 4%y 5 3 DX e A7 1) A0 35
OTU, Hk,5 A kKM XA A, P A K HE X6 F
AR IR A R U AR F4 2 B RW-0TU23 Ji5 2%, [] i}
5y A — SR A S K B 40 RW-0TU6 . RW-OTU9 \RW-
OTU13 Jz RW-OTU19 3 B 7E #E 7% o 1542 K I
AR XA S A W RS A X P AR A R
FEA S0 A W) 2 22 13 00 A8 Ak LA B o AR AL B 2 B
A T b ASHIEFE Z [ V) 43 A 45 L 5 i 91 50— il )
ST R A

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

OTU types

1 RW 71 DW # mk) ARDRA 54 R
Fig. 1 The analysis results by ARDRA of RW and DW samples.

2.2 BEARTH

2.2.1  4ATEZERE AT 43 AT 16S tDNA J3 51 73 Hr 3%
W, B kKRR il 43 85 15 21 1 20 T 0 4 JE T 6 R
FEHE 1S ANJE 19 20 ASFh, A2 2K E D23 B A B Y
138 thai e 2= /07 Jm T 6 KEHE 18 D E Ay 24 4> Fif
(F 2, B 1), FTEHMHEZEET o« I HF
( Alphaproteobacteria, 73518 9. 7% 1 13. 4% ) A2 IE
W] B W B ( Betaproteobacteria, 43 J] & 8. 1% #
12.3% ) A H ] v WA ( Gammaproteobacteria , 43
MR 17.9% F142.0% ) JUF 1] ( Bacteroidetes , 43
Wk 13.0% F1 2.9% ) JEEEE ] ( Firmicutes , 43 3l
1 23.6% 11 10. 1% ) FIFLZL T[] ( Actinobacteria, 73
R 27.6% F119. 6% ) . b, ZBIB W] v WAL
P A ZKHE DA T R T o5 B T B e v, T B TR T A
e AHE DA B rh B Y E R . k2B AR B
FRAE K RE LR U A W) BB B T &K
FELERE T P Y 2 B2 20 AR L o

2.2.2 YRR B9 3 A o3 BT DA TR TR Y 23 A1 D
A, AU JE (Bacillus sp. ) & 1 R K X FFAR
PRpG T g (23.6% ) , 1 A s #F i & (Acinetobacter
sp. ) s FHAE K HE AR BRIE S 8 (17.4% ) o i —

R AR RN A IR, ZIEET] o WHE,27
WA G Y 5 E & (Agrobacterium sp. ) 5 %
Y, AR T DI O Z SR R R R AR A K S
ok K HE X rb g i) G 2SR B B 88.9% \91.7%
IEW] B M AEH,20 MR ARG B S AR
(Variovorax sp. ) KR Y], A MHEXZILRF ] B
WA RSB R T AR K K A Sk K HE X b ) 5]
HIZERE A 64. 7% \90. 0% o fAFEITTH,9 #k
TR G % F 5B & ( Chryseobacterium sp. ) 5 5
YT, R P HE XA B T) rh R A3 R | 7R R AR K
K ARk X o i R R R A 75% .
56.3% . JEEEGETH,30 kR G LS AT R
J& (Bacillus sp. ) & Z B Y1, 1A W5 DX 5 BETE ]
AL TR AR A K S A R K X rh a3l o i 2k
HESEY 85. 7% (62. 1% o TR, 17 BRTE &R
Gi7¢ 15 Streptomyce J& & FR V), & H R K HE X AL
ATEE A AKHE D AR R | 7E A kK S iR
IRHE b oy 0 o E R SR 35.3% \18.5%
ICT T v WAE 5> B A5 B0 80 R 4N B, 78 542 K
HEMmTmREEkERSZEY LY 5 AR EE
(Aeromonas sp. ) . % B Bl 1 J& ( Pseudomonas sp. ) .
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W ¥ B J8& ( Enterobacte sp. ). ¥ i H J&@
( Xanthomonas sp. ) ./ # ¥ B J& (Acinetobacte sp. )
KAV, K RS w5 %8R 41.3% , 2
FRAKHE XA IE W] v SRS 3 A SR KFE &
S8 HRANE R Gy B 5 R R AT R
W 185  Stenotrophomonas sp. ) A 5 FF 1 3 5 5
I, Horh A R 5% 2R RE 20, 1%, 02 A R K
KA R vy R E . BHRFE , A K 3
XoF 240 AT JE 1 4 AT 5 ) 3 8 BLAE A KR AR T
NGB vy SR RO TR T Y i 1 20 B 45, [ B
W TARIE T y SR & UL A i R 2R AL,

2.2.3  AAEEFN AR AT ARREDZ IR B B K
THE T XOT 200 TR A Y 0 A S e BRI 3 FE R, 2B
—  FRA KR DX AR o3 2 A TR N SRR %, B R B
b 5B 2F MUAT 1 (Bacillus marisflavi) 5¢ 2 5% Y T8
R 50 PR AR K X BB 3 AT TR N R A W b
RYGik b 545 9K B (Aeromonas veronii) ¢ 28
BT TR R 5 5 = AR K RE DX B A R A R N )

Fir, & 58 2 b B W IR R 4B R ( Pseudomonas
resinovorans ) . 1= i IR 54 il B ( Pseudomonas alcalig-
enes) . 4l 5B A iU 1 ( Pseudomonas aeruginosa) . H
J& ¥ B M ( Xanthomonas campestris ) . Kocuria
palustris & F % YN HPE

IF Y 22 B2 5 A6 T, 15 A K IXURe AT 1Y 7 el
FATRLTA | B 2R Ak BN TR | Kocuria palustris | H g 8 8
BB A R T 2 o B TR AR K X
SEWER 5. 1% 4.3% 3.6% 2.2% 1.4% , M
60 A SR VE R 1 A2 7K DCRR AT Y 7 Bl Al S T
JEPLZBUR T, 7T 51RO A RS B A JL I AE | i
g R MR PIRG4S TR R T SR
O T, 7E N ARHHT ) R BRI, AT 5| R 4 B oA B R A7
(&G, , Kocuria palustrisshu J& 4 J8 GUvE A H . 1
W SR R U R R T O B, N AR R
Yfe . 4EX 9N RN R T B0 i fE
FIE AT REIR , 2 W R Az 7K K 5 b s I B A=
Ko 4w R ) TAR AT T 0E— 28 H%

2 ETFT16SrDNA FIHIRBEMNARRELE SN

Table 2 Phylogenetic analysis of the strains isolated from turfgrass rhizosphere based on 16S rDNA sequences

N o
Bacteroidetes Dyadobacter fermentans A54(DQ335125) 6 1 7
Flavobacterium degerlachei A58(DQ335110) 3 1 4
Chryseobacterium taeanense A111(DQ335111) 7 2 9
Betaproteobacteria Cupriavidus basilensis B75(DQ335123) 1 6 7
Variovorax paradoxus B80(DQ335122) 9 11 20
Gammaproteobacteria Aeromonas veronii B57(DQ335116) 0 2 2
Aeromonas hydrophila B130(DQ335117) 2 10 12
Pseudomonas alcaligenes B53(DQ335101) 0 7 7
Pseudomonas resinovorans B47(DQ335100) 0 1 1
Pseudomonas aeruginosa B84 (DQ335102) 0 6 6
Enterobacter ludwigii B8 (DQ335108) 10 4 14
Stenotrophomonas maltophilia B67(DQ335099) 2 1 3
Xanthomonas campestris B65(DQ335098) 0 3 3
Acinetobacter lwolffii A98(DQ335114) 8 24 32
Actinobacteria Streptomyces spororaveus B126 (DQ335115) 12 5 17
Microbacterium trichotecenolyticum B45(DQ335103) 9 3 12
Microbacterium oxydans B1(DQ335105) 8 2 10
Microbacterium kitamiense B14(DQ335104) 2 6 8
Kocuria palustris B77(DQ335109) 0 5 5
Micrococcus luteus B24(DQ335124) 3 6 9
Firmicutes Bacillus drentensis B9 (DQ335119) 18 12 30
Bacillus megaterium B150(DQ335118) 1 2 3
Bacillus marisflavi A70(DQ335120) 10 0 10
Alphaproteobacteria Agrobacterium rhizogenes A94(DQ335113) 2 3 5
Agrobacterium tumefaciens B111(DQ335112) 9 13 22
Rhizobium leguminosarum B69 (DQ335106) 1 2 3
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3 b

n] IR AN R A v B ST 4G R R W 2R T ARDRA Y
Tl A W) M5 5 T AR X 7 AN R 168 tDNA - B B K
Bk T T AT T I 2 P A BIR A 7 PR D R £ el 28 R
o PRSI B S LG VIS RAT R — 3L
45, B 2 m U) o> RASOCR WO T R — il U A6
S AR T O TRAN RS AR L

FEAE K P =R 6 1S R S R R R
M ARG N FRAE R E I E IR
RA M TARER A 09 A4 B0, BETIAR &2 8 57
JLFR I P M RE B U 2 0 0, b R AR AL
A M T AWM AR 5 —J7 A
JK R R R E A R 23 R AR R B A W S A
feo BRI O LA 1 e X T B PR RAR PR
2R BRI v LB S LA M e AR o AN TR R U A
Y KPR W) 97 78 A A A A S0 A T AR K
BERAE B4 SOV, T Rt 5 T 200 TR Aol A [ R R B o

AT TR IS, BT AT 8RR K rhoi S A=
(FLFE A 7K oK 5 S 0 H P R M T R 2 R M o A
N KB A A AR AR L 1 A BE B W A oK b i A
i SR A AR O o 5 K 1 e b o 4 R AR
e PR PR A 2K R — 25 T ol B DA R R T AR
IR AT AL 32 25 Bir B, P AR 7K XS A L2 1 2R
T R AR ) B0 R A B 4 T R A T A B B
Az K HE TR PP DG AE ) e R < AR R A i A
FaE— 25 A ) I R 2k S 0 A e A K 2 A PR Y
S il B9F 5 MR ATE 5T, 4 H A K B AR W) A R AR s
YIS 7 %

ARSCAUR ] LB 85 57 5 O B W B AR P 4 1,
Z W SRS, 1 AR GE 0 3 B 7 I 2 E 1 A

P RS BRI U B 0. 1% — 10% , JEH R R
il T PRSI 5T, R T A BT S 3 A7 A — 5 1 )R
BRAE o AELHy ) 5 57 59 77 95 T LAAS 21 RS, Y
L B A B U Y O A -5 R P i S RO G2 17
OFESEOR  AERERN R BE by B 8 R 9 T IR AT R O
AR Y T ZTTIEZ — , R 22 B 8 97 2 X R 2B AT
YRR SR A BT TR AR K E X R B AR B R]
B IR 40w AR SE RS R o
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Effects of recycled water irrigation on bacterial
community compositions in lawn soil

Xiaoyu Guo, Huili Gong, Wenji Zhao”
(Beijing Key Lab for Resources Environment and Geography Information System, Capital Normal University, Beijing

100037, China)

Abstract; [ Objective ] In order to obtain the information about how irrigations with recycled water affecting the cultivable
microbial population of the rhizosphere of turfgrasses. [ Methods ]| We isolated strains from two irrigated areas with
recycled water (RW) and drinking water ( DW ) in Taoranting Park in Beijing, China, by using diluting plate and
counting method, and analyzing the 16S rDNA sequence of the isolates. [ Results| We obtained 20 and 25 strains with
different morphological character of colonies from the area irrigated with DW and area irrigated with RW, respectively.
The sequence analysis of 16SrDNA showed that RW-irrigated system supported more complex communities of 18 genus and
24 species, whereas the DW-irrigated system only supported 15 genus and 20 species. Both samples had similar microbial
population. There were 9. 7% or 13.49% alphaproteobacteria, 8. 1% or 12.3% betaproteobacteria, 17.9% or 42. 0%
gammaproteobacteria, 13.0% or 2.9% bacteroidetes, 23.6% or 10.1% firmicutes, and 27.6% or 19.6%
actinobacteria at the rhizosphere of turfgrasses irrigated with DW or RW respectively. The dominant bacteria in DW area
were the genera Bacillus whereas that of RW area was the genera Acinetobacter. Other than the gammaproteobacteria, the
dominant genera in other groups of two areas were similar. [ Conclusion] The result showed that the bacterial community
composition of rhizosphere samples did not change, but the distribution of different types of bacteria does change after
irrigation by reclaimed water, which were determined by the abundance increasing of the dominant species and the
appearance or disappearance of non-dominant species. Finally, it is important that the control of the pathogen and metal
should be enforced when using RW for irrigation.

Keywords: recycled water; rhizosphere bacteria; amplifed ribosomal DNA restriction analysis ( ARDRA); sequence

analysis
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