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i X, AR 2 16,5 ~ 19,9 C AR i 1 389
mm , A7 S W Ry i 5. 7 2007 4 11 A e
FEDC I T AR £ K 1A I A R R R
R (KPF AR 154 WSTR[ 14 ]) & 3 A F A3
ARG RE . [ AR A e (KNR, 7 T 3570 2 3f 4
R ER - RE/EK - L8R A, BB

20 FELA b AR Z MW R B A > 99% KRR
HZEE 1 ~3 em, LREAEY) 195 15 ( Miscanthus flo-
ridulus) . J5 1% ( Neyraudia reynaudiana) .5 47 ( Micro-
stegium nodosum ) | 4 3¢ ( Imperata cylindrica) ) | #t
Ho (KMS 7 T3R8 A, T 4R R R i &
K - RE/EAR - LLE AR, BRI AE IR > 100 48 ) F1
BB+ & 2 kobg B (KGB, A 3 fi & WL Sk
[14]) . AR PP E 3 RN 10 m x 10
m [/NVEEH (3 S HE AR ) A /N b R T AR
BEERERIZ(0~20 cm) BHEA 1 kg, IRE), HIMY
ORI IZY 150 g+, K 8 T A0 4 A K AT
48, 7 RV VR AU O Al [ S e R TR
Mora s, 5T - T0°C R4 M T UE Y DNA 21
P L AF H AR R J5 ¥ 43 B — 3640 8 T 4°C T 1%
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FRAEPE O E o R, AR 23 S 45 S AR 4 4
AECREAE(0 ~20 em) , B ER 12 ~3 kg, A
By % e & Il 2 0 25, U 22 5 K 1 2 Oy A 4R
KR 20% I, iy R 3EAE R - RJT 2 10 ~ 12 mm
B RS K PR A SR R O 2k D S b A5 R AR
IKESEPE T R i, TR A BT LR 1,
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Table 1 Physico-chemical properties of the different soils

wwms  anm | T8 WA W Ot A 2R e CRE 57 )
i . Total  Alkai-hydrolyzable £ 49y it % ER7Ee: Aggregate (Wet sieving method) (g kg™")
Sample Organic matter pH
L N MBC MBN >5  5-2 2~1 1~0.5 0.5~0.25 <0.25
code (gkg™ ) . . . - (H,0)
(gkg™) (mg kg™") (mgkg™") (mgkg™") mm mm mm mm mm mm
KPF 94. 8a 5.9a 369. 3a 1 996a 343.0a 7.3a  345.4b 349.7a 84.3a 51.5b 32.5¢  136.5¢
KNR 26.3b 1.6b 72.0b 476.9b 58.7b 7.1a  665.7a 115.8b 35.0b 27.8¢ 25.5¢  130.2¢
KMS 12.3b 1.0b 20. 0b 171. 8b 23.4b 7.0a Oc 49.7¢ 50.6b 90.6a 183.5a  625.6a
KGB 18. 0b 1.2b 44.4b 390.9b 49. 8b 6.0b 341.0b 83.4b 70.7a 86.0a 120.1b  298.9b

KPP A B s KNR ;480 0 KMS s B 4 KGB U + 4 7 805 I, o I I 5 00 2 7 22 58 ik 6K 7 (p >
0. 05, X3 8 ) Note: KPF; Primeval forest soil; KNR: Naturally restored land; KMS: Cropland; KGB: Grazing grassland with annual burning in winter;

the same as below. Values within a column with the same letter are not significant in difference (p >0.05, Duncan’s method)

1.2 DNA REFIREHK N

KMk Y SDS-GITC-PEG 32 $12 Ht + e i A= 4
AL DNA AR D BRIE W SCHR [ 14 ] IR &5 A ) o
X ( Eppendorf ) £ Il FF 14 DNA () #¢ B Fl T & LA
Ao/ Ao i 12t B 1 BTG Qe R B (fHAE 1.7 ~ 1.8 Z )
AT ) Agge/ Agso B I FE FE R TS e 2 ((EAE 1.7 ~
2.0 Z M) o
1.3 16S rRNA R B R ¥ & & BN F

DL HERUE W . DNA S BA 32 FH 41 14 38 H 51

Wy 27F F1 1487R 314 16S rRNA LR A B (4 1.5
kb) . LA PGEM-T #Z{A ¥t 16S rRNA J& [H 5 Bt 5e &
2 RIHFFH 20 1 BE TR 2 |, %A S 3E 200 A BH
s FE %) PCR ™= ) F BRI N Y)  Hind T AT Hae T
HATEEY) e E L R PE WL SCiR [ 14 ] . FEMLIE R H A
AF ) U0 L 3% (A Sy J2 Tl — A T #8443 2K e,
OTU'™ ") By 35 B T~ 1 — > g AR Fe kA7 I
1.4 TEMEZHEEERITERE

DALY 77 A 1Y T35 S v B 1 B30 5 hy R il 2
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P, o0 B 40 R B V% Z FEPE . DL Shannon-Wiener 8 %k
(H) FRAFREVE ZHEVE LA Evenness 550 (E) FAEH#E
s AR H =~ 3 T
E=H/InS,
XA, S 4 16S tDNA [ OTU &4 n, A58 i Ff OTU
i 58 B T Hi s V O S e R T %K 200,
1.5 DNA FIINHMRRFZELAEMPMER E
M OTUs v B LAl B — A4S T B -, LL Sp6 FiI
T7 S5 | W47 45 R XU 0 e (BT 2E TR TR
HSERL) o FTAH ¥ 4155 ] DNAMAN 4. 0 2 i 17 F
e M % 4, R )5 5 GenBank % 4 FE ( htp://
www. ncbi. nlm. nih. gov/blast) I Ribosomal Database
Project 9. 0 #( 4% /% ( http ://rdp. cme. msu. edu ) H1J3
K #9168 rRNA JE [H P 51l (A7 B A, #3240 DL 1k
N 97% 95% .92% 91% F1 80% 43 | #4 & Fh . )& .
BECEFTT CRE) B9 H0 00 %) 5 ) 3k 47 345 43 260
¥ 75 5 GenBank wfAH P 55 i 19 2 H0 7 51 H]
Clustal X 1. 8 #4725 LX), 45 H] Mega 4. 0 4B 4%

A 16S rRNA SEH R & W, ASBIF 58 T 4k 15
) 16S rRNA 3t [H ¥ 51 E $2£ 5 GenBank %4l %, ¥
B %% 5k E ok : EUSS1088 ~ EUS81358
1.6 #HiEsE

iz ] SPSS 13. 0 FofA x5 45 11 - 48 KL A 3 Ak 14
Gl (R v e

2 4SR5

2.1 THEWMEYE DNA MENNRERAEEHE
ZREMED

AR H v B R 82 4 B DNAF BER /24
#7123 kb, DNA #23R) KPF FEHi e &, 0 17.54 +
2.04 pg g ', Il 3 ASREHE DNA 18512 ~2.6
f5(£2), M KPF B i R i 2,
B DNA ) A/ Asgo AT Ao/ AL IHFR B, DA 4 A i
$EULHY DNA JLF B s 4 B3 2 38— & B
(19 JE5 Bt R 5 e , Hirp L KPF 35 e,

F2 TEMEYEDNARIMERAHHFEZSHNE

Table 2 Extraction of total soil microbial DNA and diversity of bacterial community

B4 4 5 DNA & OTUs % fit LR R (H) WA AR (E)
) . Az Asgo Ase0/ Az - R . .
Sample code DNA concentration( g g~ ) Number of OTUs Diversity index Evenness index

KPF 17.54 £2.04 1.86 £0.01 1.55 £0.03 80 4.113 0.939
KNR 8.20+1.63 1.83 £0.01 1.08 £0.03 66 3.975 0. 949
KMS 8.62+1.63 1.87 £0.01 1.04 £0. 06 70 3.985 0.938
KGB 6.76 £0.95 1.85 +0.01 1.02 £0. 02 55 3.690 0.921

£ FEFEEE R OTUs % & Ml Shannon-Wiener £
PEFEEC(H) # UL KPF A M5 5 (80 (4. 113) ,KGB £
MK (55.3.690) ,KNR il KMS A #h & o, 73 590 ok
66 .3.975 F1 70 3. 938, 5] A K (E) 1 4 KL
P 225 AR K, R 0.921 ~0. 949,

2.2 ERERZLXESW

4 A e R I b Sk T g DD 3 B i 800 A TR
T 271 A OTUs, B IHZE R 12 A KHECTT) , Horbr 330
AN TERE T .102 4 OTUs J& T 28 JE B ( Proteobacte-
ria) 5 B TERE TR 41.3% . H AR A 2K N
i ( Acidobacteria , 28.0% ) , 1% % 1 ( Planctomycetes
10. 6% ) S AW HE (20. 1% ) (KHi R o) o W]
W, B R Z T 5T X rh g L S A e,
WL LL KPE RE 3 R A8 I R B 2, 5 1% v BE R )
58.0% ,H. ¥k & KMS(40.5% ) #1 KNR(36.0% ) ,
D) KGB(30.5% ) (&l 1) o B, 5 I Az bR AH LE

L Ny e O e S e o S VB A T
A H SRR IE M IO + 4 2R B8 T R A B b )
WA T 37.9% 47.4% F130.2% , Hi, o-28
W AR AR e — By, 4w T 31.3% |
40.3% F170. 1% ; B-7L L T Al 8-78 T W 7E B SRk &2
b RN + 46 25 K o R iy o S ek 2 e A T 7 R B
by e U] e e y-AR T TR AR 4 A FE ML g A 1
B AR H AR X 858 225 TR0 + & ZR KR+
e 4 AT B R AR B T AR AR D Ak
b L5, A AR A b 28 30 20 4F F AR WK B AR T, A8
T TR ASEL AT 3G 0, S 1T s Ao /b, 3k 2 R 7 H
SRR AL s RETh B-AETE TR R -8 T B A A i /b (43
W/ T 83.3% F138.2% ) ,H oL FH R F T 1R
R (BN T 130% ) . A8 LK, HRKE
M AR + 4% Z okORE B b R AR AR R AR T TR Y 4
MRS RR—BLIHH a->8->B->y-BEHE,
MARHEHLIY 8- > a- > B- > y-EIEH .
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Fig. 1  Proportion of the four subgroups of proteobacteria

in each soil sample

2.2.1 o-IBH SE L4 DR o TR T
7 T A 21, 4% S TR T R A0 A R I
ffo DL KPF R b o B IE R 2, 5% ve B T 6L 5E
BT 33.5% , KMS /> (10.0% ) , KNR f1 KGB
FEML 2% TR K, 40 9k 23.0% #120.0% (K1),
EATFEIX N 76.3% B "B I8 Bk — B A2
MR T (7O B 5 B 740 16.5% ), LAJE
A PRI R + kBRI LA £, 43 S0l o 4% SO RE T o
ARG B HY 88. 1% F190. 0% o HARJE T oI WY 5T
BEF 5 GenBank 4 b & A 1P S AT <91% ,
TEME R UM 2 (3R 3) , HAZELH B
A, A 2T SIS ¢ Unclassified o-28 1 3" 5
KR 2), 4 FEHT,56. 1% J& T HUE # H 1
TERETRIRZEN R 22 B B o LU KPE R KGB
Mot 2, o3 & 29 R 28 ASsabE T (R 3) . D ETkE
T2 ~T7 ) BIHE T AT R ZDIR R | A 4
RIS AR AUR R, BB O A H A — A a L
AFEHLP . AN FEARE B H LA 33.3% B SERE T
TOER E B LU B 528 eAb, &8 43 s ke 1 LA
15 B {5 FE (bootstrap ) A1 > 95% [ AHBI 4 ] 8 48 2
2 g M, G KPF s b, g5 118,069 (156 Al
131 43 5 5 Inquilinus sp. . Devosia sp. . A 22 1 & &
(Hyphomicrobium sp. ) Fl + i 1% J& ( Pedomicrobium
sp. ) ETE —L; KMS Ff b, g5 55y 026,163 (181
136 43 3] 5 vpore A MR 988 o J@ ( Mesorhizobium sp. ) |
H: R R 18 A AR IR B @ ( Bradyrhizobium sp. ) Fl4T.
173 B J& ( Rhodoplanes sp. ) 25 7E — i ; KGB 4 ih
i, 45k 180,106 4351 -5 H 3425 1 ( Methylosinus tri-
— B e AT ) 4037 ) R 8 ((Rho-
doplanes sp. ) BISE—E(E 2),
2.2.2 B-EBIEHE A vk ,5.9% )& T B-

chosporium

AETE W, UL KPE R KMS ¢ 5, 43 31 o5 45 58 B FE 11
8.5% F19.0% , ¥k N KGB(4.5% ) , 5% />y KNR
(1.5%) (K 1)

FiAT @ T B-Z2 1 T Y v B 1 5 UH 28 DR 1A e IR
W H A AL 5 B H A Unclassified B-22 JE 77
(£3). Kb ARSI B O # W, A5 04 T
4 DR, B 26 Incertae sedis 5 AR
MG RE 7 BT B R A e R R 4 SRR,
A1 ~2DFBEFIREME B 3K, KMS F
Mo A 10 A SOk B TS AL SRR T H T 0
TR Bt B AL Al B, KPE FEHL AR, 4 5
S 105,020 F1 190 43 5| J& T £F & % J& ( Leptothrix
sp. ) A B LR & ( Comamonas sp. ) F 7 v i [
B J& (Derxia sp. ) ; KMS £ /|, 45 5 o 209 (112 A
084 73 Wl J& T I\ & 5 M0 &5 /& . Ramlibacter sp. Fl
Paucimonas sp. ; 4 5 i KGB-078 [ 72 [ 7 )& T
Ramlibacter sp. (K] 3) .
2.2.3 3AIEW A DFEMUR SRR A R
TR 12.3% Mo DL KMS FEH IR £, 5 % o0 B T
A9 17.0% , Hyk & KPF Al KNR, 4351 5 45 50 b P B K
(9 15. 5% 1 10. 5% , 5z /L1 KGB(6.0% ) (& 1) o

S-S B B WY 23 2 S BB BRI R Bl 5 M v ), HG
HRRKTE HE &b i £ (R 3) o Fiskw
Hrb, K& sebe v )| T 2 AL, L 8-BIE W
1) 38. 8% , HL1E 4 FEHUH 4 70 A, L KMS #4 f5 F
w s KPF AR A 8 S ve b 7@ T/ A | R, T 7
HAbREH PR K IS0 . KMS FEHL AP A 2 o
BE7 )@ TERGE ML H o SR B (8 3) B, KPF-
056 ,KMS-144 . KMS-068 #1 KGB-089 /3 5l 5 Anaero-
myxobacter sp. AT 5 J& ( Geobacter sp. ) LF4EHEFE
( Polyangium cellulosum ) #1 Byssophaga sp. R ZETE—
o A -8 T 45.9% B v RE F, JC Tk o
CHZE, AR b EATRE N F L (K 3) o
2.2.4 ~BIEH KPF . KNR FlI KMS #F #h /7 43
A D RTIRE TR T v, e L KMS A M gL
%, LT 4. 5% , i KGB & M w2 46 i 2]
YR (E 1) .

KNR 1 KMS #3730 51 4 2 A4S F1 4 A>3 b1
J& T B T H T AY B0 B R R A ZE A e H
R T RRE (R 3) o HA - G E
“HY BT AL, WK 3 A i, KPF-019
KMS-169 #1 KNR-002 43 5l 5 Steroidobacter denitrifi-
cans D1 [ A B8 8 K ( Coxiella burnetii) . I H )&
( Lysobacter sp. ) BISHE—if
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Table 3  Distribution of bacteria sorted by order and family in classification in the four soils

7 H B 32 [+ %4 Number of clones
Sub-group Order Family KPF KNR KMS KGB
oI B MR i H AT T 6 .

a-Proteobacteria Rhizobiales Phyllobacteriaceae
A 22 R 29 8 9 28
Hyphomicrobiaceae
P B A 22 T . . 3
Methylocystaceae
A AR T R )
Bradyrhizobiaceae
Unclassified 23 13 3 5
TIREH IR R s 5
Rhodospirillales Rhodospirillaceae
Unclassified 3 25 4 2
B-AETE 1A (RN RE| )
Incertae sedis 5 1 1 4
B-Proteobacteria Burkholderiales
A R
3 2 5
Comamonadaceae
7T .
Alcaligenaceae
(EEANEE S |
Burkholderiaceae
Unclassified 8 2
V. fiFf 1 B v H SV A 20 i T 0
Nitrosomonadales Nitrosomonadaceae
Unclassified 1 2 1 2
8- I T FEkmw A L REFF A g
d-Proteobacteria Myxococcales Cystobacteraceae
EZ 31
8 4 21 5
Polyangiaceae
Unclassified 4 1
PRy US| H AT R )
Desulfuromonadales Geobacteraceae
Unclassified 15 13 10 7
v BB H B0 B T 5
vy-Proteobacteria Xanthomonadales Xanthomonadaceae
FERE A ol e 39 A .
Legionellales Coxiellaceae
Unclassified 1 5
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d-,y-,p-Proteobacteria

62 KPF-101
—%‘—%E Uncultured alpha proteobacterium (AY9219397)
KNR-087
KPF-072
54 96~ KPF-016
Uncultured alpha proteobacterium (AJ534619) :
i@ultumd Phyllobacteriaceae bacterium (EF019427) ; Fhyllebacieniaceae
59 KPF-179
Uncultured Rhizobiales bacterium (EF018185)
66 _99? KGB-142
97 Uncultured Rhizobiales bacterium (EF018177)
KGB-070
52 KPF-053

Rhizobiales

- 67 KMS-135

{ KNR-054 .
lassif -P

KNR-027 Unclassified a-Proteobacteria

61 96— KGB-025
499|__|_—Uncultured Rhodospirillaceae bacterium (EF019409)
75 Uncultured Rhodospirillaceae bacterium (AJ518774)

71 r KPF-118
99L1nquilinus sp. (DQ512800)

— KPF-084
79 Uncultured Rhodospirillaceae bacterium (AM935102)

99 — KPF-069 ) .
Devosia sp. (AY921736) ) Hyphomicrobiaceae
KNR-010

99— Nordella oligomobilis (AB272321)
KMS-026
99" Mesorhizobium sp. (AF409031) ] Phyllobacteriaceae
64 KNR-081

661 KPF-032
881 KNR-052
KPF-010
Uncultured Rhizobiales bacterium (AJ519654)
Uncultured Rhodobiaceae bacterium (EU386065)
KPF-059
KMS-064
99 = Uncultured Rhizobiales bacterium (AM116725)
— KPF-134

Rhodospirillaceae

Rhodospirillales

L 79

Rhizobiales

KMS-163
Hyphomicrobium facile sub sp. (Y14310)
KPF-156 Eohon erobs
Hyphomicrobium sp. (AY934488) yphomicroblaceae
Uncultured Hyphomicrobiaceae bacterium (FJ479379)
97 KPF-131

99 Pedomicrobium sp. (AJ534614)
H 99 Uncultured Rhizobiales bacterium (X97077) )
KGB-180
Methylosinus trichospoium (AB008108) Methylocystaceae
KPF-196
KMS-004
97 Uncultured Methylocystaceae bacterium (EF018669) ’

90 KPF-186

KNR-199
KPF-021 Unclassified a-Proteobacteria

KGB-124

69

64 KMS-147

KMS-181 ] Bradyrhizobiaceae
Bradyrhizobium sp. (AF408979)

([ KeB16

e Uncultured Hyphomicrobiaceae bacterium (AY921875)
KNR-007

L KPF-180

EUncultured Rhizobiales bacterium (AY326602)

50

64

Uncultured Hyphomicrobiaceae bacterium (AF407198)
KGB-153
. Uncultured Hyphomicrobiaceae bacterium (EF018490)
Rhodoplanes sp.(EF111055)

| Rhodoplanes sp.(AY326601)
L KGB-106

9292 Uncultured Hyphomicrobiaceae bacterium (AJ534617)
—E?hadoplanes sp.(EF020154)
KMS-136

52 KPF-045
69"__[ KPF-024
99 =Uncultured bacterium (FJ478658) J

Rhizobiales

524 Hyphomicrobiaceae

0.02

Pl 2 BE TS ie L HEAN B 16S rRNA JEMR F I 1Y o-BTR W I R KB M

Fig. 2 Phylogenetic trees of a-Proteobacteria plotted based on 16S rRNA gene sequences in the Karst soils
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94— KMS-161
Uncultured Burkholderiales bacterium (EU283391)
Eﬁtaogrsoteobactenum B4 (AF035050)

Comamonas sp. (AB066235)

KPF- 020 Comamonadaceae

] Alcaligenaceae

Burkholderiales

KMS- :
P. /emoignei (x92554) ] Rurkholdenaaeae

KGB-066
Uncultured beta proteobacterium (EF540370)
KPF-028

8 4 Uncultured Burkholderiales bacterium (FM253568)
KPF-146
KPF-158
Unlglll\}[tgrgg ‘})eta proteobacterium (FJ517106)
99| 51 | N .
99 Uncultured Nitrosomonadaceae bacterium (EF018627) Nitrosomonadales
9 KMS-053 Nitrosomonadaceae
5 Uncultured Nitrosomonadaceae bacterium (AM934971)
6999 KMS-070

KGB-043
Uncultured beta proteobacterium (AY326598)
KNR-092

94 69 Uncultured beta proteobacterium (EF019945)

KPF-070 Unclassified B-Proteobacteria

97 KMS-
Uncultured beta proteobacterium (DQ676285)

L. ysobacter yangpyeongensis (DQ191179) | ] Xanthomonadales

KNR-00 g
L. ysobacter ¢ Sp(ABOS3450) anthomonadaceae
5

99

Uncultured Coxzellaceae bacterium (AJ518784) Legionellales
Coxiella bugnitél (AY342037) Coxiellaceae

—EKMS -167
U

! ncultured famma proteobacterium (AY921959)
KM
96 Uncultured 8gamma proteobacterium (AY921812) Unclassified y-Proteobacteria
KMS-05

Steroidobacter deritrificanes (EF605262)
KPF

60

Uncultured delta proteobacterium (AY921695;
Kg%cillégred delta proteobacterium (AJ518793

99|—|:KPF-012 Unclassified 8-Proteobacteria

KMS-140

95r Uncultured delta proteobacterium (AJ532716)
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regulatory elements in the metal-reducing bacterial family

EFFECT OF HUMAN DISTURBANCE ON COMPOSITION OF THE DOMINANT
BACTERIAL GROUP PROTEOBACTERIA IN KARST SOIL ECOSYSTEMS

Chen Xiangbi"** Su Yirong"* He Xunyang''’ in Wengeng' Wei Yawei' >’
g ) yang geng
Liang Yueming'' > Wu Jinshui'
(1 Key Laboratory of Subtropical Agriculture Ecology, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Huanjiang Observation and Research Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang ,Guangxi 547100, China
yrang ) Y yrang 8

(4 Mulun National Nature Reserve of Guangxi, Huanjiang ,Guangxi 547100, China)

Abstract With a Karst primeval forest (KPF) set as check, effects of human disturbance on community structure of
soil bacteria were analyzed using the 16S rRNA genes PCR-RFLP and sequencing techniques. Results show that Proteobac-
teria were the dominant bacterial group in all the four soils subjected to different patterns of human disturbance, primeval
forest (KPF, free of disturbance), naturally restored land ( KNR) , cropland ( KMS) and grassland disturbed by long-
term grazing and burned annual in winter (KGB) , separately, accounting for 41.3% of the total clone libraries. As com-
pared to KPF, the proportions of Proteobacteria were decreased by 30.2% ~47.4% in disturbed soils ( KNR, KMS and
KGB). Similar distributions of the subgroups of Proteobacteria were found among KPF, KNR and KGB, being in the order
of a->3d->B- > y-Proteobacteria, but in KMS it was in the order of 8-> a- > B- > y-Proteobacteria, which indicate that
the effects of natural restoration and grazing and burning in winter were limited on recovery of soil Proteobacteria, but obvi-
ously positive on distribution sequence of the four subphyla. In KNR, the subphylum of a-Proteobacteria was well restored ,
being 130% higher than in KMS. In the four soils, 16. 5% of the total clones were sorted into Rhizobiales, which was the
highest in KPF, about 1. 6 to 3.7 times higher than in the other three soils. Based on the above-described findings, it is
concluded that planting of native nitrogen-fixing plants in combination with inoculation of native nitrogen-fixing microorgan-
isms may be considered as one of the measures in future to restore degraded Karst ecosystems.

Key words Karst; Human disturbance; 16S rRNA; Proteobacteria



