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PCR ¥ 1%, H Y i Bty 550 bp, PCR ¥ 1§ Jz i 4
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FEG 1 PCR P20 & o — A KR it b A o B SC %8

“Bd& 7 PCR 4 BT . 94°C HIZEPE 5 min;94C
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H i35 & ( Wizard SV Gel and PCR clean-up Sys-
tems , Promega ) i 17 UJ & [l Wi 2 4k , I M4 158 BH , R
F pGEM-T % {4 i, 7 & ( Promega Corp, USA) % 4fi
ey B i R Beitk 47 s B, e Ak 2= KB AT ( DH-5a )
Ho Bkt B BE, FHAUA pGEM-T $5 R 518 T7 5
SP6 X v K P~ Wi AT PCR 471 , 28 v Uk 0 16 A 191 22
KN By v b, B A B 2R AL 45 70 ~ 80 A>T
RN Fr W 8 0 B 5 R AT 0 P (A S R e 8 D)
A0 BT A7 7 31 5 GenBank %45 % ( htp: / /
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(1. 83) BRAFHEAT Lo XS B AHBLEE KT 97 % 19 )7 41
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Fig. 1  Curve of clone libraries of ammonia-oxidizing bacteria amoA

in soils from ecosystems different in vegetation restoration stage
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F A LIBSHUFF %k {4 (http: //LIBSHUFF. mib.
uga. edu/) HHAN [F)AF B 25 #D o B2 SO ) o A ) 20
2% S5, ML) 95% R B F R, BN Y p <
0. 05, P> ST ] DR 20 1 B 3 Pk 25 5%, 2 p > 0. 05
) 2 B A1 S A () TN A R B 2 R
% Canoco 4. 5 A1 04253 7 ( redundancy anal-
ysis, RDA ) J7 1 %5 5 Wi 22 48040 40 T A v 20 i) 1 3
- #EATHE 938 FH AR ClustalX (1. 83 ) 47 7
FILERS SR JG R AR MEGA (4. 0) P <R 275 (Neigh-
bor-Joining ) G 37 Z AU amoAd FERIM RS LB,
AT RGER B 0T ABEFEIRAFF S 2E GenBank %
HEIE B 5 5% 5l HM346071-HM346159
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W R 1 W A2, HE SR gy AR B Y AR Ak
FHorb DR TS R B BN > FEARM > AR > TR
MG ES A T RN R > B > WAEM >
JE AR SR A R R R N HE R AR >
JRAAR > AR > B C/N R B Ry BN > AR BR
> AR > AR (E D)

FOC Ay B 2% B, + HE IR W U M5 NH[ N
SMBN SMBC ,SOM | TN 4 #4 5 # i 2 71 #H K (p <
0.01),5 C/N 2 IFMX(p<0.05),

F1 FAEAEWREMBESRESELE(0~15 cm) BIALE R & + & S AL AN B 2 1

Table 1  Physico-chemical properties and ammonia-oxidizing bacteria genetic diversity of soils (0 ~15 ¢m) from

lands different in vegetation restoration stage

2 LR e S A iR ity
Vegetation oM Total N C/N pH Ay LR SMBC 4R 4 it SMBN URE
type (gkg™") (gkg™") (mg kg™") (mg kg™") (mgg='d)
T 29.26¢ 2.53¢ 11.85a 6.82¢ 551.7¢ 60. 14d 0.50a
S 62.20b 6.67b 9.48b 6.76b 1 366a 140. 8a 0.41ab
SF 58.43hb 6.87b 8. 84c 7.18ab 699.2h 100. 6¢ 0.36ab
PF 82.39a 8.97a 9. 19be 7.22a 1 322a 120. 6b 0.18b
Bl SR SR JERE TR OTUs $tft SRS R (H) 35 I 5(E)
Vegetation NH," -N NO; -N Number of Number of Shannon Evenness
type (mg kg™") (mg kg™") clones OTUs index index
T 15. 89b 26.78¢ 82 15 2.71 0. 69
S 36.90a 26.78¢ 80 13 1.57 0.61
SF 10.67¢ 124. 4b 83 29 2.82 0.83
PF 9.11¢ 124.4b 83 42 3.42 0. 89

TE TS HEAMGSFYCAEM; PE AR T IR . b [ 50 AH 7] 5 B 7R 22 5 K38 B KT (p > 0. 05, X845 ) Note: T: tussock; S:

shrub; SF: secondary forest; and PF: primary forest and the same below. Values affixed with the same letter in the same column are insignificant in

difference (p >0. 05,Duncan’s method)
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SEENT - 2 A A AN T A SR oF R T W e
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Fig. 2 Dominant species of ammonia-oxidizing bacteria in soils from

ecosystems different in vegetation restoration stage
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L PF-OTU-9(HM346094) Cluster 3a
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51 S-OTU-11(HM346119)
S-OTU-12(HM346115)
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Nitrosospirasp. NpAV(AF016003)
PF-OTU-10(HM346097)
PF-OTU-11(HM346099)
PF-OTU-12(HM346093)
PF-OTU-13(HM346100)
PF-OTU-14(HM346084)
PF-OTU-15(HM346091)
PF-OTU-16(HM346105)
S-OTU-13(HM346118)
SF-OTU-21(HM346145)
SF-OTU-22(HM346127)
SF-OTU-23(HM346147)
SF-OTU-24(HM346142)
SF-OTU-25(HM346130)
T/S/SF/PF-OTU-1(HM346121)
T-OTU-4(HM346148)
PF-OTU-17(HM346101)
PF-OTU-18(HM346086)
99 LPF-OTU-19(HM346071)
SF-OTU-26(HM346135)
PF-OTU-20(HM346080)
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PF-OTU-21(HM346095)
PF-OTU-22(HM346087)
PF-OTU-23(HM346103)
PF-OTU-24(HM346075)
PF-OTU-25(HM346108)
PF-OTU-26(HM346077) \
PF-OTU-27(HM346079)
PF-OTU-28(HM346104)
PF-OTU-29(HM346072)
PF-OTU-30(HM346081)
PF-OTU-31(HM346088)
PF-OTU-32(HM346109)
PF-OTU-33(HM346092)
— PF-OTU-34(HM346096)
PF-OTU-35(HM346098)
Nitrosospirasp. Np39-19(AF042170)
PF-OTU-36(HM346085)
85 PF-OTU-37(HM346102)
64 PF-OTU-38(HM346074)
69" SF-OTU-27(HM346136)
PF-OTU-39(HM346083)
PF-OTU-40(HM346073)
SF-OTU-28(HM346133)
80 — SF-OTU-29(HM346128)

_|_— PF-OTU-41(HM346076) }
73 PF-OTU-42(HM346082)

Cluster 3b

Nitrosomonaseurooaee(AB024612)
0.02

K3 AEMEBAES RS LA RN EREREM T (355 NP5 )

Fig. 3 Phylogenetic tree of ammonia-oxidizing bacteria from ecosystems different in vegelation restoration stage

(HM + number represents accession numbers for the clones)
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Fig.4  Redundancy analysis ( RDA) of ammonia-oxidizing bacteria
community structure in soils from ecosystems different in vegetation resto-
ration stage ( arrow represents soil factor and circle ammonia-oxidizing

bacteria community composition in a quadrat)
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A [F)ABL R0 A2 I B, A 9 2 4R A A TR A s 4
FAER E 225 (18 3) o MR S R0 1 3 B 3 Uik
JE AR N B S A AL A1 T Nitrosospira 3a 5 1Y 26 ¢
J& , EE I T RS Nitrosospira 3a fRIE & A A7 TE 82
A5 UM W A ER B AR AR e S R e
B, A6 I 3] 52 S AL 40 T8 Nitrosospira3b 2 1 7% %
J& , W REJR K 2N Nitrosospira 3b % R Az 38 4L 4R 1E
A 5T Nitrosospira 3a f# , 1 BT (AR 82 25 AU B
b A, A WE ST R A WO o 0 K Bl & A 2
AR A R A A — A BB R, EE RN
) T o AT AL A o O S ) S U R A AR O
11T 40 25 R 4 A A R R v A

Yeager 45 Ay , -+ 398 v nl A1) B 25 ROk Y
Wi - 38 22 SR A 20 TR R T 2, R R IO A A
I [ Nitrosospira 3a f5 28 1F fi 4 B 25 R e & 55 19 2R
i i Nitrosospira 3b FEIETEIE T T 8 5 Ak FE A
HAR T DWW, A58 3 5 H—3
R 2 SR, AR B o v m] R R T RE S 2 A e A
PR A RE V& 45 1 o A, FRATTIE e B B A R A 4K
S, R E AL AN 2 A S 2 5 B Ok, 3
HEAMA Hb o X AGE R0 e 1 e A 0 T 3

Fr AR A K, Wk, -4 C/N A&,
PRk HIERFMAEYERAKT, Y LIEER TR AL
TR E KT 75 M4 YA T 55 G U0 5, mT g 4 i
I IR A K R AR TR 2R
TR A5 C/N 5 e A8 AUk BE 3y, i 2 S Ak
R A A R AR R IR P ME — R R fE SR S
R, 5 95 A W B 5 AR A TR SE A IR
Y, PR A AN T 2R AR R bRt
A A RS —EBRE LT DR a4,
AT Gy — Pl R SR < VHE R PR - 498 S S Ak 2 TR O S
FE (S-OTU-1 32 B 0 i B A se B SCPE Y 52.5% )
TEAEAFEVR o 2 60 I 5 kb Ao, 45 2R ] R 2P0 SR
FESa A PRI 1 3R 00 S50 B 00 A4 4 B, S Bl A
b 20 T 22 RE 4 ORN 3 50 BE g 0 T

4 pH SR U e A A A A B R T A T
HANTR pH X [B] 3 S22 48 A0 41 7 A S 5G] B 22
S AR X £ R b, pH JE R 6.76 ~
7.22 RS 0 A B AL A E amoA R K Y5 Nitrosospira
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GENETIC DIVERSITIES OF SOIL AMMONIA-OXIDIZING BACTERIA AT VARIOUS
VEGETATION ESTORATION STAGES IN SOUTHWEST GUANGXI, CHINA

*% Su Yirong'® Zhang Wei'"?  Chen Xiangbi'® Liu Shujuan'?’

Li Lei'"®? Feng Shuzhen'?’ He Xunyang'’'

(1Key Laboratory of Subtropical Agriculture Ecology, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
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Liang Yueming

(3Huanjiang Observation and Research Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang, Guangxi 547100, China)

Abstract Soil samples were collected from soils under different vegetations, i. e. T (tussock), S (shrub), SF
(secondary forest) and PF ( primary forest), representing different vegetation restoration stages in the Karst region in
Southwest Guangxi, China, for analysis of genetic diversity of ammonia-oxidizing bacteria (AOB) and their relationships
with urease activity and physico-chemical properties of the soil. Results show that with the advancement in vegetation res-
toration, genetic diversity and Shannon and Evenness indices of AOB in the soil increased except for under tussock, and
moreover, AOB community structure altered, with changes embodied in inconsistent distribution of Nitrosospira clusters 3a
and 3b populations as a result of variation of the sensitivity of Nitrosospira cluster 3 population to ammonium concentration.
Correlation analysis reveals that soil urease activity in the soil was positively related to ammonium content. Hence, soil u-
rease may alter AOB diversity by affecting ammonium content. However, at the late stage of vegetation restoration, the
lower ammonium content did not lead to any reduction in AOB diversity. LIBSHUFF and RDA analysis exposed that AOB
community structure was closely related to vegetation type, soil urease activity and soil pH, indicating that vegetation, soil
N availability and pH may possibly be the main factors affecting soil AOB diversity. These findings may serve as certain
scientific basis for further understanding of soil N cycling in Karst region.

Key words Ammonia-oxidizing bacteria; Karst region; Urease activity; Nitrogen; Vegetation restoration
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