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Structure and diversity of bacterial communities
in the rhizosphere soil of tea plantations
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" Institute of Applied Ecology, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China;
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Abstract; [ Background ] The structure and diversity of bacterial communities are closely related to the nutrient cycling in the rhizo-
sphere soil of tea plantations, which can be used as a biological basis for assessing the health status of tea plantations. [ Method]The
bacterial communities in the rhizosphere soil of tea plantations located at different altitudes in Anxi County, Fujian Province, were
detected and analyzed by the molecular fingerprinting technology of PCR-degeneration gradient gel electrophoresis ( PCR-DGGE).
The diversity of bacterial communities was measured using the Shannon diversity index. The distribution patterns of bacterial commu-
nities were clustered using the unweighted pair-group method with arithmetic means, and the effects of environmental variables on
the communities were tested using the method of Monte Carlo. The relationships between bacterial distributions and environmental
variables were examined by redundancy analysis. [ Result] Among 14 species of bacteria obtained from the rhizosphere soil of tea
plantations, 11 were unculturable species; the 3 culturable species were indentified as Rhizobium sp. , Sinorhizobium sp. and
Ochrobactrum sp. . The cluster analysis of DGGE profile revealed similar patterns of the bacterial communities isolated from tea plan-
tations at the same altitude. The bacterial community with the highest Shannon diversity (H' =3.27) appeared at the altitude of
400 m a.s.l.. The synergistic effects of environmental variables explained 59.6% of the variation of bacterial communities in the
rhizosphere soil. Redundancy analysis demonstrated that the bacterial communities in the rhizosphere soil were closely related to the
altitudes of tea plantations. [ Conclusion and significance] The structure and diversity of bacterial communities are significantly associ-
ated with the altitudes, which may affect the efficiency of nutrient cycling and tea production, and that, the total phosphorus was the

strongest environment variable factor influencing diversity of bacterial communities. Therefore, management of tea plantations should be
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carried out in terms of their locations taking the effect of different altitudes on patterns of bacterial communities into account.
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Table 1  Primers for PCR amplification

EILZER SIMFSI(5" -3")
Primer name Primer sequence(5' -3")
8F GAGAGTTTGATCCTGGCTCAG
1492R CTACGGCTACCTTGTTACGA
R534 ATTACCGCGGCTGCTGG
F341-GC GC J¢-CCTACGGGAGGCAGCAG

GC 3 :5"-CGCCCGCCGCGCGCGGLGGGCGGGGCGGGGGCACG
GGGGG-3',

GC clamp: 5'-CGCCCGCCGCGCGLCGGCGGGLGGGGCGGGGGE
ACGGGGGG-3'.
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2.1 +35 DNA g9IREUR PCR ¥4 R
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R BR/AIN S 2.30 kb (] 1) ; £80d PCR 473,15 3]
F/INZ3h 1500 bp (5 16S rDNA F-BEfi1230 bp (1) V3 J-
B(K2~3),

M12 3 456 7 8 9101112131415

E1 112 DNA ZEUEKE
Fig.1 Electrophoresis profiles of total DNA extracted from soil
M. DNA BrifEsr-F Bkt ;1 ~ 15 B s, W& 1,
M. DNA marker; 1 ~15. Samples name, as shown in additional table 1.
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CKk 1514131211109 8 7 6 54 3 2 1 M
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2 16S rDNA PCR ¥ 38 7= 4 B8 Kk &
Fig.2  Electrophoresis profiles of the
amplified 16S rDNA products
M. DNA BrifEsrJide ;1 ~ 15. BEfh 44, WLIHER 15
CK. FIMEXT IR, LAAKCH R 4
M. DNA marker; 1 ~15. Samples name, as shown
in additional table 1; CK. Negative control,

using water as the template for amplification.

2.2 FEMBRTFEMEF V3 Xy DGGE Eif
ZePEAR PR AR V3 XA DGGE [ 1E% ], 2%
PEAR PR LA TR 16S rDNA JBt2t DGGE 738 47
4%, Quantity One AR XS DGGE 54 %3
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YRS SR AR 600 m 2 R 2 1A 28
45,089 511 52 EERY 0 400 m( [ 4)

M12 345678 9101112131415 CK

230 bp

3 V3 X PCR =4 ik E
Fig.3 Electrophoresis profile of the
V3 fragment PCR products
M. DNA #rifEsr3 Bt ;1 ~ 15, BEdh 44, WIS 15
CK. BIMEXT R, DAAKCH RS
M. DNA marker; 1 ~15. Samples name, as shown
in additional table 1; CK. Negative control ,

using water as the template for amplification.
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Fig.4 DGGE profiles of the PCR products
1 ~15 FoRtedh 4, WL 1

1 ~15 stand for samples name, as shown in additional table 1.
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#13 =iztg)ll , 3003 , 7-8%F ( Huaichuan of Gande , 300 m , 7-8 years )
#12 R, 3002 , 4-55 ( Huaichuan of Gande , 300 m , 4-5 years )
#15 TEIFSEE | 2003 , 7-85F ( Yaoyang of xiping , 200 m , 8-10 years )
#14 PG , 2003 , 8-105F ( Yaoyang of Xiping , 200 m , 8-10 years )
#4  EEEE] , 6004 | 4-55F ( Huaichuan of Gande , 600 m |, 4-5 years )
054 ———— #5 I, 6004, 8105 ( Huaichuan of Gande , 600 m , 8-10 years )
T 057 #1 FI¥SEE, 760% , 105 ( Yaoyang of Xiping , 760 m , 10 years )

#3 PEFSERE , 760K , 8-10%F ( Yaoyang of Xiping , 760 m , 8-10 years )
#2 FaPFEFEIE | 7603 | 50 ( Yaoyang of Xiping , 760 m , 50 years )

#B FEEFSEH , 5002 , 305 ( Yaoyang of Xiping , 500 m , 30 years )

#7 FEIFFRIE , 50024, 8-10£E ( Yaoyang of Xiping , 500 m , 8-10 years )
#6 FEIFSEIR | s003% , 7-8%F ( Yaoyang of Xiping , 500 m , 7-8 years )

#9 PEIESEIH , 4003 , 305F ( Yaoyang of Xiping , 400 m , 30 Years )

#11 )|, 4003 |, 8-102F ( Huaichuan of Gande , 400 m , 8-10 years )

#10 PHEFEPE , 4003 , 204 ( Yaoyang of Xiping , 400 m , 8-10 years )

5 DGGE B R LS

Fig.5 Clustering analysis of DGGE profiles
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] EESRAA A, 0 0l S T AR R R Rhizobium | EY
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Ochrobactrum, . & 5 5 4y % & JN819573. 1,
JX133181.1 Fi1 KC252620.1,

x2 NEHEMNER

Table 2 Alignment of sequences

FA ARUE HARLF 7 ES VRN R
Band  Similarity Most similar sequence Phylogenetic affiliation Accession number
A 100% Uncultured Bacterium clone G16 168 ribosomal RNA gene Bacterium HQ121331.1

100% Uncultured soil Bacterium clone em_emp210 16S ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 168 ribosomal RNA gene Bacterium JN172788.1
B 100% Uncultured Bacterium clone G16 16S ribosomal RNA gene Bacterium HQ121331.1
100% Uncultured soil Bacterium clone em_emp210 168 ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 16S ribosomal RNA gene Bacterium JN172788.1
C 100% Uncultured Bacterium clone G16 168 ribosomal RNA gene Bacterium HQ121331.1
100% Uncultured soil Bacterium clone em_emp210 168 ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 168 ribosomal RNA gene Bacterium JN172788.1
D 100% Uncultured Proteobacterium clone Hmd02B56 16S ribosomal Proteobacterium EF196941.1
100% Uncultured Bacterium clone P2K19f 16S ribosomal RNA gene Bacterium GU127729.1
100% Uncultured Bacterium clone PW188 16S ribosomal RNA gene Bacterium GQ402681.1
E 100% Uncultured Bacterium clone LG70 16S ribosomal RNA gene Bacterium JX133525.1
100% Uncultured Bacterium partial 16S rRNA gene, clone SBD94 Bacterium HE819608. 1
100% Uncultured alpha Proteobacterium clone YZ52 168 ribosomal RNA gene Proteobacterium JQ957842.1
F 100% Rhizobium sp. PA22 16S ribosomal RNA gene Rhizobium JN819573.1
100% Rhizobium sp. PA14 16S ribosomal RNA gene Rhizobium IN819567.1
100% Rhizobium sp. 2396 168 ribosomal RNA gene Rhizobium JX174273.1
G 100% Uncultured Bacterium clone G16 16S ribosomal RNA gene Bacterium HQ121331.1
100% Uncultured soil Bacterium clone em_emp210 168 ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 16S ribosomal RNA gene Bacterium JN172788.1
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Fil AR IRARLT 51 ES 1RV BRY
Band  Similarity Most similar sequence Phylogenetic affiliation Accession number

H 79% Uncultured Bacterium clone G16 16S ribosomal RNA gene Bacterium HQ121331.1
79% Uncultured soil Bacterium clone em_emp210 16S ribosomal RNA gene Bacterium JN172809.1
79% Uncultured soil Bacterium clone em_emp208 16S ribosomal RNA gene Bacterium JN172788.1

1 100% Uncultured Bacterium clone G16 16S ribosomal RNA gene Bacterium HQ121331.1
100% Uncultured soil Bacterium clone em_emp210 168 ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 16S ribosomal RNA gene Bacterium JN172788.1

J 100% Uncultured Bacterium clone G16 168 ribosomal RNA gene Bacterium HQ121331.1
100% Uncultured soil Bacterium clone em_emp210 168 ribosomal RNA gene Bacterium JN172809.1
100% Uncultured soil Bacterium clone em_emp208 168 ribosomal RNA gene Bacterium JN172788.1

K 100% Uncultured Bacterium, partial 16S rRNA gene Bacterium CU914828.1
100% Sinorhizobium meliloti strain UT10 168 ribosomal RNA gene Sinorhizobium JX133181.1
100% Uncultured Bacterium clone WT14H75 16S ribosomal RNA gene Bacterium JX283609.1

L 100% Sinorhizobium meliloti strain UT10 168 ribosomal RNA gene Sinorhizobium JX133181.1
100% Uncultured Bacterium clone WT14H75 16S ribosomal RNA gene Bacterium JX283609.1
100% Ensifer adhaerens strain MM1-6 168 ribosomal RNA gene Sinorhizobium JX298811.1

M 100% Uncultured Bacterium clone LG70 16S ribosomal RNA gene Bacterium JX133525.1
100% Uncultured Bacterium partial 16S rRNA gene, clone SBD94 Bacterium HE819608.1
100% Uncultured alpha Proteobacterium clone YZ52 168 ribosomal RNA gene, Proteobacterium JQ957842.1

partial sequence

N 100% Ochrobactrum sp. DZQ2a 168 ribosomal RNA gene, partial sequence Ochrobactrum K(C252620.1
100% Ochrobactrum sp. THG-DT39 168 ribosomal RNA gene, partial sequence Ochrobactrum K(C252620.1
100% Ochrobactrum grignonense strain BU72 16S ribosomal RNA gene, Ochrobactrum KC153015.1

partial sequence

A5 AR P - S 20 BT A 9% Shannon-Wiener 2
FEPESE R (32 3) S5 Rk, i SR A 2 el AR B
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I A4 HREA Shannon-Wiener 2 HEFEf5 5CH 6

e Hh ik R 400 m 9 3 ANZSRE (9,10 . 11) 4R
B - HEAH 14 #F 7% Shannon-Wiener 2 A 14 15 $ICF1 3=
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Table 3 Genetic diversity index of bacterial communities

in the rhizosphere soil of tea plantations

FEAS Shannon-Wiener Z2F£ 145 4% FEE Sy
Sample Shannon-Wiener diversity index (H") Richness (S) Evenness (E)
1 3.12 25 0.969
2 2.99 22 0.967
3 2.98 22 0.964
4 2.96 21 0.972
5 2.82 19 0.958
6 2.97 21 0.976
7 2.98 22 0.964
8 3.04 23 0.970
9 3.27 28 0.981
10 3.20 26 0.982
11 3.32 29 0.986
12 3.08 23 0.982
13 3.13 26 0.961
14 3.01 23 0.960
15 2.90 21 0.953

2.3 FEWRIERTIEAEFEEOINEE

(i3 pH {H, C/NAE, APLUSAE) BRI, AR50

P — >

DI, o R S Al 2 s ¢ L BORH Canoco SRFFILATIRBEE REGTRAA ST
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A-P RIS 30 10.47% 3 HARFR ST AE R 2 el
RRBRAH A v o0 A I ST R (2 4) o ehattn]
R, LS B B B P RS2 B AR o A T R 7
MR BES IR IX — 45 AR T 2 B FH I PR B A
A P[RR B, A ST R MR X 2 el A

R - 2 R IR 2R AR 7 254 4 SRR 35 B 59.60%
(£4). Mp (EHKFE, BIR P LEFTA AL B 5Tk
FRRAEH: p (IR IR B BE K- (p <0.05) . T
AR PRI R B %, A AR PR + 585 JR 1630
(Rt e 2% ol DR 2R ) e 1), A S B AL P 7
TR PE, PR T R AEH], e S HAl R AL R P A
PR, 725 el AR Bk A G ER58 rh o0 Bl A 1 O R
SR BA —E B o
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Table 4 Result of Monte Carlo test

28 FHE(E AR PR I A S FH p1H
Parameters Eigenvalue Ariation rate explained by variables (% ) F value p value
P 0.1064 10.64 1.548 0.130
A-P 0.1047 10.47 1.520 0.164
K 0.0671 6.71 0.934 0.486
pH 0.0567 5.67 0.781 0.604
SOM 0.0548 5.48 0.754 0.638
N 0.0530 5.30 0.728 0.654
Ne 0.0527 5.27 0.723 0.688
A-K 0.0468 4.68 0.638 0.756
Total 0.5960 59.60 \ \

P S A-P AR08 s K SV SOML A HILBT; N BV Ne s B 205 A-K: BEALHT
P: Total phosphorus; A-P: Available phosphorus; K: Total potassium; SOM: The organic matter; N: Total

nitrogen; Ne: Effective nitrogen; A-K: Available kalium.

XF A el MR R - S 20 G R 7 RN IR B A8 B P kAT
TCRITHT (B 6) 452 &1 A6 3 14 25% Pl AR s 1=
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M1l TEEARER

Additional table 1  Information of samples

PR TR — o
Number of sample Sampling site Elevation (m) Age of cultivation (a)

1 PEEESEFH ( Yaoyang of Xiping) 760 10
2 PEEESERH ( Yaoyang of Xiping) 760 50
3 PEEESEFH ( Yaoyang of Xiping) 760 8 ~10
4 JE&AERR 1] ( Huaichuan of Gande) 600 4 ~5
5 JE&AEMR )1 ( Huaichuan of Gande) 600 8 ~10
6 VG352 A ( Yaoyang of Xiping) 500 7~8
7 PEEESEFH ( Yaoyang of Xiping) 500 8~10
8 PUEESE T ( Yaoyang of Xiping) 500 30
9 PEEESEFH ( Yaoyang of Xiping) 400 30

10 PEEESEFH ( Yaoyang of Xiping) 400 20

11 JEAERR )1 ( Huaichuan of Gande) 400 8 ~10

12 JE&AEME )1 ( Huaichuan of Gande) 300

13 J&AE MR 1] ( Huaichuan of Gande) 300 7~8

14 PG EESEFH ( Yaoyang of Xiping) 200 8 ~10

15 P EESEFH ( Yaoyang of Xiping) 200 7~8

PR 2 HEARIBUMER

Additional table 2 The physicochemical properties of samples

[ FHUR(SOM)  BA(N)  WBE(P)  BEI(K)  WEER(Ne) FABE(AP) HALH(AK)
Sample o (%) (%) (%) (%) (mgke)  (meke™)  (mgekg)
1 3.81 1.560 0.0740 0.0259 0.335 94.3 3.43 42.8
2 4.54 0.957 0.0527 0.0310 0.496 67.9 13.70 134.9
3 3.97 1.170 0.0645 0.0362 0.611 137.7 20.60 115.1
4 3.61 3.230 0.1680 0.1280 0.135 137.7 238.90 59.2
5 3.55 2.950 0.1460 0.0930 0.169 154.7 208.60 102.0
6 3.91 1.010 0.0543 0.0251 0.541 60.4 2.17 102.0
7 4.68 2.610 0.1200 0.0727 0.568 100.0 58.30 49.3
8 5.17 3.020 0.1210 0.0938 0.580 126.4 99.80 82.2
9 4.04 1.400 0.0882 0.0288 1.270 150.9 8.96 85.5
10 4.53 2.190 0.1200 0.0220 0.849 139.6 8.53 65.8
11 4.38 3.610 0.1730 0.0351 0.201 166.8 10.00 69.1
12 4.78 0.906 0.0422 0.0247 0.484 45.3 5.35 138.2
13 3.34 2.770 0.1390 0.0687 0.132 169.8 80.00 111.8
14 4.16 2.250 0.1160 0.0222 0.610 132.1 7.38 82.2
15 5.10 0.460 0.0338 0.0251 1.190 34.0 3.82 85.5

SOM: Soil organic matter; Ne: Effective nitrogen; A-P: Available phosphorus; A-K: Available kalium.

(wiEm#t.E %)
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