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Variation of nifH gene diversity of soil nitrogen-fixing bacteria in Moso
bamboo ( Phyllostachys pubescens ) plantation converted from broadleaf forest
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Abstract: [ Objectives] Nitrogen plays an important role in promoting the growth of Moso bamboo, the major
source of nitrogen in forest soil is derived from biological nitrogen fixation. However, little is known about the
impact of conversion of broadleaf forest to bamboo ( Phyllostachys pubescens) plantation on changes in soil nitrogen
contents and soil nitrogen-fixing bacterial community structure. [ Methods] Two plots of broadleaf forest and Moso
bamboo stands with the same site condition were selected. And 4 standard areas (10 m x 10 m) were chosen
randomly on the northeast slope in each plot. Soil samples were collected from the topsoil (0 -20 cm) and subsoil
(20-40 cm) layers separately. Soil pH, organic matter, available N, available P and readily available K were
analyzed. The structure and abundance of nitrogen-fixing bacterial community were measured with primers AQER
and PolF via denaturing gradient gel electrophoresis ( DGGE ) and qPCR based on nifH gene. Preliminary

identifying of soil nitrogen-fixing bacteria was sequenced by cloning. [ Results]The results showed that compared to
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the broadleaf forest, Moso bamboo stands had significant higher pH, moisture, contents of available N in both
topsoil and subsoil and readily available K in topsoil, while the soil available P was much lower. The DGGE
profiles indicated that Moso bamboo stands had lower numbers of band and Shannon-Wiener index (H). Both
cluster analysis and principal components analysis (PCA) of the DGGE profiles showed the separation of the two
soils clearly, and there was little difference between topsoil and subsoil for the same treatment. The real-time PCR
analysis revealed that copy number of nifH gene in Moso bamboo was higher than that in broadleaf forest.
Sequencing of 14 DGGE bands isolated revealed that 13 of them were affiliated with Bradyrhizobium and 1 with
Azohydromonas, with the similarities ranging from 93% to 98% in known species of Gene Bank. [ Conclusions ]
This results showed that the conversion of broadleaf forest to bamboo plantation decreased the diversity of nitrogen-

fixing bacterial community, but increased its abundance and nitrogen contents, indicating an enhanced nitrogen-

fixing ability of soil.
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1M 3K , M MRS A4 B2 Sy 2800 — 3200 #k/hm? , -3 g
#0930 em iy, BATAREZR A ZEREERAR T 2%
THE AN TRt I P Rk 22 B it , AR AL D R AR
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FEHBZEIR S A RAE AL, 73 ERAE 0—20 em (K2 ) FI



334

TRk 55 R AREFP BAT ( Phyllostachys pubescens ) J& -3 [E AN TH nifH F& N Z R0 R97E 1k

689
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Table 1 Primers used for the PCR amplification

HPCR IR 314 J¥31) 5" -3’ FERIR/N
Nested PCR Function gene Primer Sequence 5’ -3’ Product size(bp)
it FGPH19 TACGGCAARGGTGGNATHG 120
Step 1 4 PolR ATSGCCATCATYTCRCCGGA
o5k i PolF - GC TGCGAYCCSAARGCBGACTC 20
Step 2 AQER GACGATGTAGATYTCCTG

@ (Note) : R=A/G; N=A/G/C/T; H=T/C/A; Y=C/T; S=G/C.

1. 2.4 AR VERS B2 BE UK (DGGE ) 2 I/ Marcia
T Wartiainen %5 (195 3% , i RS 6 BIO -
RAD KL PN G AN R AT AR VAo J3E v J PRV, TN 4 T g
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EEFPWER) . 72 60°C 80 V 24T, MLk 14 h
J& , i Gelred (3£ [F Invitrogen /2y 5] ) (1: 10000 F %)
Yeft, 30 min, Je 55 5 Gel Docr'VMEQ( BIO — RAD)
BEIE AR F B8 R, 18 ] Quantity One 4.4 B {4
(BIO — RAD) #47 EUR 43 BT , 0 HL UK 57 40 52 B
FOCEE .
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PRV AR TN P, 0 e 45 2R AR NCBT | #E17 Blast
X o

1.2.6 FI RN H nifH H M2 i PCR DL H 3R
DNA N#Hz, AQER Fl PolF A51#¥ (51 WK 1),
RS2 526 € & PCR (Real-time PCR) 74 7€ [#]
RANTE nifH HEDHHE D%, 20 Wl SO 4 28 26 i 4
T : 2 xSYBR Premix Ex Taq 10 rL,50 pmol/L i
MR WFS14)4% 0.2 L, #itlk DNA 1 L, Jo i MK
8.6 pL, 7 B PCR P 1 fE CFX96™ Real-Time
System( BIO — RAD, USA){¥ %% F#b4T, B 1VRES 3
AN, POtER PCR BFS % ek o AnifEh
ZRAIAE - DI 45 2R b e I3 Y PRV Se B 7, 37
WA KRS G H IUSURL DNA | 28 4 B 15 ( 0D,/
OD,y, ) R v 13 , 5 20 TR0 E R B (107"~ 107°)
JEAER nifH B B)ZEOGE T RIARAERE 46 i 1 f
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SR LUAEL, BV P, = i/ N5 i SRR AR, A B
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F (3R 2) 5 BTN SRR R R SRR
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Table 2 Physical and chemical properties of two different forests

T2 , A B B A R AL BN
MR

Soil layer pH Organic C Alkal. N Avail. P Avail. K Moisture
Forest type

(em) (g /kg) (mg/kg) (mg/kg) (mg/kg) (%)

0—20 FEATH Bamboo forest 5. 11 aA 23.51 aA 32.24 aA 5.68 bA 59.45 aA 4.30 aA

[# Ak Broadleaf forest 4.62 bA 20.22 aA 22.14 bA 9.38 aA 45.40 bA 2.31 bB

20—40 EATHK Bamboo forest 4. 88 aB 20. 65 aA 16. 74 aB 2.94 bB 45.53 aB 3.99 aA

[{# P-#K Broadleaf forest 4.51 bA 21.91 aA 9.25 bB 4.06 aB 38.74 aA 2.01 bB

T (Note) « [FFVEEIS A [R)/NE AU Rl — o JZ AR Aoy 235 125 57 (P < 0. 05 ) , RS PRHUSR IR — ARt A 5] LR ) B8 P28 5 (P

<0.05) Values followed by different small letters are significantly different at the 0. 05 level between different forests in the same soil layer, and followed

by different capital letters are significant at the 0. 05 level between different layers in the same forest.
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MK P b b i 22 ) 1) 2% A B, P £33 DGGE
A7 25 5 W1, R AR S A BRI e A (e
JER) W2 T BATA, 16 AR IE I BE 21 A
BRI 2T, A AR BT AR B A 20 A%

17 252500 o [A)— MR AN ) £ 2 A 98 ] S0hR 22 57 A
i

OIHT BUBCRA R AE A B, 2T L1 D b 4
SEPR AT, AN BE fie T L AE A (7] 4 M8 ) 22 57 e
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DNA OD260 nm/OD2g0 nm

¥R Concentration (ng/uL)
r2 10.6  1.69
) 177 1.89
= 125 211
IR = 82 217
Broadleaf forest Sl 223 1.91
= 28.6 187
= 18.6  1.98
\on 225 185
(o0 167 2.02
=~ 163 2.07
° 216 201
iy BATHK " 251 189
0s0 bamboo forest | <« 56.2 191
« 455 188
N 343 185
M 351 192

M

1 DNA 1.2%IRRE#E SRS B ik B LR BT
I B OD,, nm 5 OD,, nm [bL{E
Fig.1 1.2%AGE of DNA, concentration and
OD,, nm/OD,g, nm
[ (Note) : M—Marker; 1 —4—FATH 0—20 cm £ JZFE 5 Soil of
Moso bamboo forest at 0 =20 c¢m layer; 5 — 8—FA7Hk 20—40 cm +-
JZ2#E i Moso bamboo forest at 20 =40 c¢m layer; 9 ~— 12—F[# i}k 0—
20 em +JZ#£ 5 Broadleaf forest at 0 =20 em layer; 13 ~ 16—[# I Ak
20—40 cm 1 J2#E 5 Broadleaf forest at 20 —40 cm layer.

Oy ST G AR T R R B R SR A 12
SRR, AN [ A ah R W 22 575 4575 20 .21
G35 A e P AR B PR 18 e 265, ) O - 3 3R 2
SERE TURIZ U W I 1 2% 7 X 17 14 18] 2 200 T
ERNERR T LR R BT L AR A
18 19 py5e BE R T R i, 1 2% 15,16 .17 W B i
RS

MR 220 1 DCGE [&] 3% Hh A% o7 B A 5 1
TR ZHPEIEECH MR E(K 3) o Rk
FEBCH UK, ULV A I AR TR s S5
TRBE FRUE e H i o AR, 25 B E W)
B BT, BB . S SR, R A R
PSR H T XS0 R B BATAR, T LA 2 5 i
R E WIELFA S (BB IR B B T2 5
2.4 TEERAE il ZENF

AR 2 bk o - AR dh AR nafH SR
DGGE 845 R, e 2 By 14 S 2870 (G5 73 3
H1.3.7.8.11.12.13.15.16 17,18 .19 .20 .21) it

B i R
Bamboo forest Broadleaf forest
A A

- ) - )

1 2 345 67 8 91011 1213 1415 16

2 nifH EHF DGGE Bk Ei&
Fig.2 DGGE fingerprinting of nitrogen-fixing bacteria
based on nifH gene
[ (Note) : M—Marker; 1 — 4—FATH 0—20 cm + 2L 5 0—20
cm soil layer in Moso bamboo forest; 5 —~8—FAT#£ 20—40 ecm + 2 FE
fih 20—40 cm soil layer in Moso bamboo forest; 9 —~ 12— M-k 0—20
cm 1 J2FE 4 0—20 cm soil layer in broadleaf forest; 13 —~ 16— H-#k
20—40 cm + )2 FE L 20—40 em soil layer in broadleaf forest . |

x3 ITRERERESHMLEN
Table 3 Diversity indices of nitrogen-fixing bacteria

community in soils

= (em P
0—20 Bk Bamboo 2.379 aA  2.238 aA
Rk Broadleaf  2.496 aA  2.182 aA

20—40  EA7Hk Bamboo 2.131 aA  2.251 aA
FEIHbK Broadleaf  2.382 aA  2.242 aA

¥ (Note) : H—Z#E 1438 % Shannon-wiener index; E—4%5]$8
# Pielou index; /NG TR A — L2 R Aot 9 (2 35 1 28 e (P
<0.05) , K5 FRACKE — Mty A7) 12 89 35122 57 (P < 0. 05)
The small letters mean significant difference at the 0. 05 level between
different forests in the same soil layer, and capital letters mean significant

difference at the 0. 05 level between different layers in the same forest.

T ISy o S5 RAEBT, 14 A B v R i) s
T2 AARBERE(F4), Hf 13 428N
Bradyrhizobium ,1 4~ >N Azohydromonas lata"*" ,1H 14
NGRS 45 E R S R ARBLRE S 93% ~ 98%
FELBEAR T 98% Ui B 5 O M W R AEAE — o 25 5%,
FRLBEAR T 96% R AT RE 2 BT A o o] bR - 398 A 45
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Table 4 Results of the BLAST analysis of DGGE sequenced bands

KA HXE GenBank %3¢ 5 AR
Band No. Relative bacterium GenBank Accession Number Similarity ( % )
1 Bradyrhizobium sp. IRBG 228 AB079616 96
3 Bradyrhizobium sp. IRBG 228 AB079616 97
7 Bradyrhizobium japonicum GU433547 98
8 Azohydromonas lata AB188122 93
11 Bradyrhizobtum sp. 1SA0901 KF859896 97
12 Bradyrhizobium sp. 523321 AP012279 96
13 Bradyrhizobium sp. ORS391 FJ347449 98
15 Bradyrhizobium sp. S23321 AP012279 96
16 Bradyrhizobium sp. IRBG 228 AB079616 95
17 Bradyrhizobium sp. IRBG 228 AB079616 96
18 Bradyrhizobium sp. 1SA0901 KF859896 98
19 Bradyrhizobium sp. AGA48 KF113072 96
20 Bradyrhizobium sp. ORS391 FJ347449 98
21 Bradyrhizobium sp. IRBG 228 AB079616 96
TEVESHF 20 FBATAK -+ HERHAEME 40 21 BTl o 19 #3
BR MW, RRWERE T B AREEE oss 097 o7 Z}E}Bg(o—zocm)
( Bradyrhizobium) AFA7 7E—7& 2 5 , i HLEATH £ ' #14
HEf 21 ST RE R sl oy i } BLO 20 em)
2.5 BESH — o040 080 4
IRASITIE L (B 3) 74 R BT L oo Gy o
B BIAL R IR T 0.4) 1 ~ 9 5 —41,10 LR R
~16 SR A2, R O 5 i Ak - B A, 0.46 -
i bl 22 2 0 i 4 J52 491 g — 2, 4 — 074 #7} BB(20—40 om)
Flvbh - 9 19 T AN TR S AP AE W 5 5 B S e #5

AR SR R JEAE S (#10 (11 12) FIR KR A i (#
13 .14 .16) 11 [E] 040 78 25 0 W A7 72 B 2 22 53 (R B
JEMLT0.6) o SR, BATARA- S5 A B 219 )2 4K
ZE SR

2.6 FEM I H(PCA)

Sh B — 2D AR 7 S O [ [ R R R A
A E IR XA AL i DGGE B3 | 2571 o7
SEIE AT BT AR AL BEE B F 843 43 B ( Principal
Component Analysis, PCA) 25 7, ks 1 i e
THEAR R 32.0% W28 5, B 2 R T REAR
17. 1% W28 5 ICRRE T REAR T 49. 1% IOREA RAZ
Se(El4) . £ PCL b, AARAR 3] 184 X,
BATARASERE T BR T 3 5 5b B0 A 75 Al b il A2
], FE AR A SRR S BR T 9 5 Ah B4 A AR AL bRl

#3
0.85 #1} BB(0—20 cm)

B3 TEERHEARETEIZHRES N
Fig. 3 Cluster analysis( UPGMA ) of soil
nitrogen-fixing bacteria
[ 7 (Note) : BB—F:ATHk Bamboo; BL—[#M-#K Broadleaf. ]

A, A Ta] A i 7] [ 560 200 1R A 9% A P I 2 5 5
BATMAE L2 E R AR A PCL_EAFAEZE 5, MR
AR S ] SR T J= ] A 22 5 R R AE PC2 L
TREE RN AN RIMR 3 14 (26 2040 1 A v 45 A AT AE —
TEMMZES+ o
2.7 FESH

SCue I A B P ngfH R DN JRORL W Dy 301
ng/ L, K JLHE LS DUECN 8. 18 x 107, 10 £ Fi B
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3 9
g O
2+ /A
4
6
1 o
_ & ,
x (o]
= 0
o~
i—l g 15
4 X
-2 5 16
-3 ‘j/ 3
o
74 1 1 L L 1 J

-4 -3 -2 -1 0 1 2 3 4
PC1 (32.0%)
O BB(0—20cm) A BB(20—40 cm)
OBL(0—20cm) X BL(20—40 cm)

B4 BERAHBHZFNERSTSH(PCA)

Fig. 4 PCA of nitrogen-fixing bacteria communities
[ 7 (Note) : BB—FEATHK Bamboo; BL—[i#M-#K Broadleaf. ]

JioREL, S BT 8 ANH AT AR i EAT OO E
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