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WS KA ARl eA 28 e PRI R 010018

FEE IR PN S8 PO A b DX - S T Y 2o R R P SR il S IO -7 PR A S B IS FL VK PCR-DGGE ( polymerase chain reaction-
denaturing gradient gel electrophoresis) £ ARXT 170 £ L HERE i v 0 240 187 F B FUREVR S5 A0 2 LA T T 404, JFAISE T R HEAH 1R 24
PESEASENICHR . FERERW NS TEARHE X T SRAN R 1 2R R E a0, £ 8 UL T 4 3 60 Z 0], k6 B0k
T 1.38 3] 4.09 Z (8], A[E LIESERL HANEE 1 2R IR 25 5 . Horb AR e R4S b SRS RO A - v A A I 2 AR TR
B T I A A A3 i R L ) AR B AR . RS R R Oy s S X - A T 2 R i b R b - 4
TR R RE BRI I 2R AR AR AIR . AR 2L S T3 ) S8 A M A A 45 R /s — 38 Z IR IR0
FRAEM:, NS VG X A 3 (A A A $E Proteobacteria (AR JE B 17]) | Bacteroidetes (#AFF B [7]) | Firmicutes ( J5BE [
[7) . Actinobacteria( F{ZE E 1) . Acidobacteria( FRAT B ]) . Gemmatimonadetes ( ZF B FE []) | Nitrospira (FHALIRBER []) . B %
X 12382 2R RGEIA I G IR SRR Z L DR AR M TR T R R Al A 77 48 S5 3R it — T R 2R3

SRR AR VRS BEBEI HL UK 5 RN TR s AR NS U AR X BETR A

Analysis of bacterial diversity of soil in western Inner Mongolia using PCR-DGGE

WU Zhihua, XIA Dongshuang, WANG Xuehan, MA Qiang, TANG Kai, LIU Huirong *
College of Life Sciences of Inner Mongolia Agricultural University, Hohhot 010018, China

Abstract; The purpose of this study was to determine bacterial diversity of soil in the western region of Inner Mongolia. The
bacterial abundance and community structure of 170 soil samples collected from the western region of Inner Mongolia were
tested using polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) , and the correlation between
bacterial community and soil fertility parameters was analyzed. The results showed that the diversity of bacteria in the
western region of Inner Mongolia was relatively rich. The richness index was between 4 and 60 and the Shannon index was
between 1.38 and 4.09. There were significant differences in the diversity of bacteria among different soil types. The
bacterial diversity index of alluvial soil, brown calcic soil, chestnut soil, and sierozem were higher than that of other types
of soil. Furthermore, the manner of soil utilization also affected the diversity of bacteria. The Shannon index and richness of
cultivated land were the highest and that of unused soil were the lowest. The correlation analysis between bacterial diversity
and soil fertility parameters showed that there was no significant correlation between them. The dominant populations of
bacteria in soil in the western region of Inner Mongolia include Proteobacteria, Bacteroidetes, Firmicutes, Actinobacteria
Acinetobacter, Acidobacteria, Gemmatimonadetes, and Nitrospira. This study can provide a scientific basis for the

management and restoration of soil ecosystem and the development and utilization of microbial resources and agricultural
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production guidance in this region.

Key Words; PCR-DGGE; soil bacteria; diversity; western Inner Mongolia; community structure

MEFIR KL WG A Y A & 3 SO A, — S 20T B A s S5, 30T Bt X A 5 il
R MpRE ERLAIIBEE R, TEAEY) b A0 B0 SO KR I ZE TS, (H—SE AN AT DL R o S Al b 28
PR — R T REEEY, FIanyss w3 El B I ETE, AR 2 iR Fl SR
RV 45 25 TR ( Steptomyces ) JIT 3 WA I o 40 T 3 RE R fifk 22 Fh AT HILAL & 90, 3 BT R TE B ¥ e, G g FH o 7
(methanotroph) W] LAl =S LA FURA LM, FEAEYRHE S A &) Z s, 5 AW
A PR RV TE SC R BT, IR BIF ST Al o 22 RS TR BE R G800 B2 1 A P58 v (%) O 38 G R AR 0 e T
BARRMNIERE X, BEEIRGFAEYFERR LR A Kt 40w A g B0, X T4 e 5
AN &= | AT T

PR S it PG S DXt Sl ] A B SRR 22 (i R AL Sk 5 AT, AR AN Bl S
=L T AT A A R R, A LR BEL R, A DA A R Bl v 2 RS R L i X b B R A
A SRR 22 B TS SR B L K ELAKCSE R A i, K A R A T A P i X DL R
T DX AR R X O 3, R R AR L A FE 38 A IR BT S R JR £ 1 A b X Vb Ak
L, DAXD - FREREE A 32 5 A0k | E0 22 0 K R 2 Vg 1 DX %) 4 438 S 8 R 545+ ORAS 1 AR5 4, AT
KM, AR AR PR R SRS, T IR E SR E i AL R R R pH IR
N AR A R R ] 02 AN B A A IR R T REAE AR R AR R R 4T A

DGGE AR HA A S Bk 5 PR AR 0 R © 90 ] T 45 Fh R B N Tl ) 2 AP
WEFE, WP L ST W1 U0 e AR R HI4F . ARIFSE 1 UG i PCR-DGGE RO A 53 4 52 1l 74 i
DX SR AN TR ) 22 A, A AR R M DX ) A0 TR IR e R B A 28 R e i e P S B Al A58

1 #REFH*

1.1 #hK
111 HIERRS

MR N 520 P EBHb X 30 T + 38R 7 2, T 2014 4F5 2015 4FAY 7—8 A % 5 N IX f + 3 1k
A7 RUORAE o B2 38 1y (PR 287 32 1 | UK 45 17 i 14y A3k 41 6y, 2551 170 ) HFE 4%
H T -80°C VKA - A5 BARR A B 1,

F1 ITEERER

Table 1 Information of soil samples

(ETE R +- ek ISR G RE +4Em ISR (EITE R 3R 2SR

Sample No. Soil type Utilization type || Sample No. Soil type Utilization type || Sample No. Soil type Utilization type
WH-01 IR KA BT-12 YRR Hh it BM-29 A+ b+
WH-02 IR KA BT-13 i+ B BM-30 pik= et il
WH-03 HE+ ARFIH BT- 14 Py pN: BM-31 o+ AFIH
WH-04 il B BT-15 KA+ ARFH BM-32 AR L8]
WH-05 W+ B BT-16 YRR b1 BM-33 AT+ KA
WH-06 iht Bt BT-17 R Bt BM-34 A+ KA
WH-07 i+ b1 BT-18 B+ piS:! BM-35 Rt i
WH-08 TR - F i BT-19 A+ B BM-36 Rt Bl
WH-09 LR - Bt BT-20 Rk R BM-37 A Hrith
WH-10 A+ Ol BT-21 HEL PN BM-38 R+ B
WH-11 A+ oisi) BT-22 HEL oisi) BM-39 H Loisi)
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(e e R FI IR FEf RS RS FI IS FES RS RS FIFHZE A
Sample No. Soil type Utilization type || Sample No. Soil type Utilization type || Sample No. Soil type Utilization type
WH- 12 Kb+ b Si BT-23 W+ LX) BM-40 it B
WH- 13 eyt T BT-24 i HEHs BM-41 H+ T
WH- 14 R T BT-25 H+ L= BM-42 H+ HkHs
ERDS-01 SRAT 4 HFHs BT-26 H+ HFHs BM-43 i+ T
ERDS-02 DA - S BT-27 i+ i BM-44 st B
ERDS-03 T4 - B BT-28 il B BM-45 FREE L boimi)
ERDS-04 R B BT-29 Wb+ B AL-1 o+ L)
ERDS-05 Kb+ B BT-30 Kb+ B AL-2 o+ Bl
ERDS-06 A5 - Eoimi) BT-31 Kb+ it AL-3 i+ ARFIH
ERDS-07 TR - i BT-32 H A 1 Bl AL-4 Hfi] 1 R
ERDS-08 Tt it BT-33 H A 1 i AL-5 PR L B
ERDS-09 TG+ Hi i BT-34 #H+ boisi) AL-6 PR+ i
ERDS-10 L B BT-35 it At AL-7 i+ A H
ERDS-11 iht B BT-36 it i AL-8 Hht KA H
ERDS-12 &+ b BT-37 Fifg + Il AL-9 &+ KA
ERDS- 13 A+ B BT-38 Fif + boiEi) AL-10 AR 110N KA
ERDS- 14 Kb+ Ml BT-39 ARt Ol AL-11 RS KA
ERDS-15 i+ B BT-40 AT, - Fiih AL-12 PR+ it
ERDS- 16 i+ Fiih BT-41 AT, - B AL-13 LEEAZIN W
ERDS-17 i+ B BM- 1 H boiRi) AL-14 KA+ B[00}
ERDS- 18 W+ LX) BM-2 eIl LX) AL-15 YRR it
ERDS- 19 A+ B BM-3 W+ boisi) AL-16 YRR i)
ERDS-20 A+ i) BM-4 W+ boisi) AL-17 FrRas + boisi)
ERDS-21 A+ it BM-5 W+ KA AL-18 FrAs + it
ERDS-22 A+ Ol BM-6 DRAT A+ Ol AL-19 YR X T
ERDS-23 PG 1 HhHs BM-7 A 4 B AL-20 A+ Bk
ERDS-24 FrRE5 + L0 BM-8 YRk KFH AL-21 Aib+ KA
ERDS-25 HE+ KAH BM-9 BRAE 4 LX) AL-22 Wb+ bis: )
ERDS-26 RS+ B BM- 10 SR+ il AL-23 K+ A
ERDS-27 Fre5 + Ol BM-11 e+ KAH AL-24 YR = He X
ERDS-28 TAS O BM-12 At B AL-25 YRR X
ERDS-29 S+ B BM-13 PNyl b:) AL-26 ra)rita HIX
ERDS-30 WA+ Mt BM- 14 JLgs A+ i AL-27 )it HIX
ERDS-31 WS+ b BM-15 T4 1 boimi) AL-28 yapsitan ARFH
ERDS-32 A5+ B BM-16 FrRE5 £ L8] AL-29 Kb+ KA
BT-01 AT, - it BM-17 S 4 boisi) AL-30 AT+ RHAH
BT-02 T boiSi) BM-18 el b AL-31 b+ KA
BT-03 TEA + boiSi) BM-19 ali W AL-32 AT+ KA
BT-04 TG i BM-20 eI boiRiA AL-33 TRASE A KA
BT-05 [P B BM-21 [F i AL-34 AR A KFIH
BT-06 FrAs + i) BM-22 Fras + i) AL-35 YR KA
BT-07 FrAs + Ol BM-24 R b Si AL-36 K+ boisi)
BT-08 Fras + oisi) BM-25 YR KA AL-37 YR X
BT-09 Fras + b BM-26 b+ Eoisi) AL-38 K+ X
BT-10 TEAT + HEH BM-27 A+ i
BT-11 BRLAT 4 Bl BM-28 TS+ B

AL F[H7 351X, Alashan region ; ERDS : 5R/R 311X | Ordos region; WH ; S35 [X. | Wuhai region; BM ; [ I /K 1 [X |, Bayan Nur region; BT £1,
Sk X, Baotou region
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1.1.2 PCRE|Y
MR T 257 B )7 Bk IS S 40 PCR-DGGE Y V3 XA SEMES1Wr, 24k TAEW T8 ( Bl I A
FRAFIE R, TERFE 2,

x2 FHARANSY
Table 2 The primers used in this study

3144k FFH1(5'-3") 1A
Primers Sequences Amplify the gene
GC-F341 CGCCCGCLCGLGLGLGGLGGGLEGGGGLGGGGGLCACGGGGGGCCTACGGGAGGCAGCAG T 16S rRNA
F341 CCTACGGGAGGCAGCAG 4T 16S rRNA
R518 ATTACCGCGGCTGCTGG AT 16S rRNA

1.2 LTk

1.2.1  HR TS50 E

IR SR A S B I R R LT IE T pH(E RO B 2 WA S SRR R ik SR A e
R 52 2R NaHCO, 32 4 —EH AT H k' | Ul 50 72 R I NaNO, =4 — PUZR AN Feph 7 K i U
52 R F AR 50k ), A WL A0 SR FH B R 2 Bk (R BRI 17
1.2.2 1 HEE DNA $2HK

T Y B L H A A R Ry R GE S AE ) B AT BB PCR R H I SC Y BT Taq
DNA A B TE 1, e 22 i 23S0 A 25 5, Bk 368 DNA A9 #2305 & 2 A PCR-DGGE AR5
TAE Y ZAEPE R GRS, BT T8 R DNA B4R EU 5T LAy AR AN, 43 02 B AR S 4R U s, A
5% 2 B2 = N vk R ERS ekt | 3o+ SR A T35 Y ) R BRI T T AL EE KA Leff' ™ 2 A4RE L
HE DNA A7 4k 2RI TR B 2 BTIDA ELAR 1 mm BOBEESER IR IEA RN 5E 37 , LA il DNA (7= &,

1.2.3 PCR [ %A%

FJH 50 L W AKZ . 10xPCRBuffer 5 L, dNTPs(2.5 mmol/L)4 wL, 5%/ (20 wmol/L) 4% 0.4 wL,ExTaq
(5U/pL) 0.4 pL, B (80 ng/pL) 1 pL, #MNE KKK E 50 pL, PCR ¥ 3E554.94C 5 min;94°C 35 s,
65—55°C 40 s,72°C 50 s, 10 NMEI (BN IEHIR KIEJEFEAL 1 °C) ;94°C 35 5,55°C 40 s,72°C 50 s,72C
1 min,20 MEFF, PSS9 GC-F341/R518 5 F341/R518 MY WK R Bz PCR ¥ 14 4 {34 A [

1.2.4 DGGE Jrik:

K JH Bio—Rad HLIK RGE, ARVEF RS FEAE 40%—60% 1 8% S N M e Be e . FH 50 L 1 S 2 bsk -
J&, T 60°C £ 120 V 1H)E 5 min J7, 75 V150 W 1HJE 14 h, FEEREEYL (A 15 min J5 , 228 T/KBERG 10
min""* | OBE I B RS BRI AR R G A R Quantity One 4.6.2 BEAT20Hr, FIHERIEE FEEE
DA K345 FE A AR R LA [R) - A A R A R R I ) SR R B 25 S 1B N Ok R R FE B H = ‘é PInP;EHE
FER=S;¥5)8 E=H/H,, =H/InS, HH P ER— e (B ENKGE ) J& T2 | R AR F ], Qe a6
AMEECK NS i FRAMEBCH n. B4 P.=n./N; S B —AFER b (BN TKGE ) BT 4545 10 5
1.2.5 DGGE Y[l

F 75 %R AR T AR T R I RS AT K958, R R A5 4 B 9 50 WBERE VTR, 8 T 1.5 mL B0
M T mL £ B oK BRI 2571, 3000 1/min #5000 1 min J5 34025 B 7K, EEZ AL BMIE, A 50
pL B9 IXTE i, DA BV W AR, AN GC I B 51 Wy kA7 40 [R) 32 77 AR R 434, ir i3 PCR 721 5
pMD19-T ZRARE 12 5 7 A KT, SR S5 PR s PR T V8 PCR ek db st B R A FIIIT |
1.2.6 J¥II0HT

HE AR P45 5 T NCBI B 219 Blast F2 75 64750 M SRR L, IF T 4R )M B A% R P 91, )
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74 GG 45 HH PCR-DGGE AR 7T PN 5l 4 it X - S 200 1 1) 2 A 5

H ClustalX 2.0 F2F#E47 XTI, FIH MEGA 5.0 3K R G L B W, T R G K F 00T,
1.2.7 B 5 o br

f#fi ] Quantity One 4.6.2 X DGGE E3EZEAT 43T, 5K FH SPSS 18.0 Ge i 14Xt -k i (1) £ T S B T4
P b P I X)L 55 20 T 22 R AR B AR M A T 4 AT

2 HR545%

2.1 BRI SHIE

XTI ST AR X P HRHL X SR AR 1Y 170 - 58FE 5 i 5 /K B pH (. A AT AR08 7K A 8D B s 8 s 1
FrE AT T A5 A A R e A A5 G IR A AR T AT B, g 3 R REEM £
HERE AL 27.06% Jrp e 3 66.47 % F it + 45 ; 88.24% I HAE S K AR T 16% , Ab T 51k 2% 575.38%
F) - B A BILT & B A T 2 RS AR 1Y A A B A B E Y i A — 1 L, 2 41,
77 % 1) FAEAD T 38 B AR K- 5 USR8 75 £ 43 A AR R, 52.94% 1 R AL 7E — AN T8 B K, R 2005
44.70% 1) T AEAE T 2 RAS 5 K A U & BB AR AL T — Ak = BRAS L 2 51.18% 11 HAE K Al A1) 7 Ak
FARER=Z K,

£3 EMBRIEFRS SRR

Table 3 Soil nutrient grading scale in the western part of Inner Mmongolia

BHAT L HEER Ratio/ % I II | \Y v VI
A ML Organic matter 3.53 2.94 18.24 47.06 24.12 4.12
F 58 Effective phosphorus 15.88 18.24 24.12 25.29 8.24 8.24
K%, Hydrolytic nitroge 1.76 2.35 3.53 11.18 30.00 51.18
AN Available potassium 0 2.35 52.94 33.53 5.29 5.88
£ K Water content 0 6.47 5.29 14.71 27.06 46.47
pH 5.29 66.47 27.06 0.58 0.58 0

WG LRI HEAT ST 04, 3R 4 B AR LR RS 280, B+ 508 £ ks ot
FIORE AR Ry o 8 AR 2R e Dy e 3 5 SR 1) 35 7K i i g, LR 2R 8 1 R SR R A ] 2
JE T SRR TR K A S R =l 134.80 mg/kg, A0 F & WK, JwE 40 F o= piRAS KA+
AL TAR B = b B B = HOIRAS s TR L RO DL B AR R iR S 19, 39.00 g/kg Ak T2 5 B OKF, K
b 5w B A LR AL TR R KE LR B SRS AR TR Z BRI A T i = AR
SO E B LB R AR, (HHA RO & sy, O 31.61 mg/kg, it Eh A SRS AR AR A £
PYLE TR B TR CURRAR L T b RS e SRR A TR R i = RS A A T i = AR
Z PR A L ) AR SR 5 T A RO A TS KR A R T = BRE

AR L A7 A& S AT G0, 18 1 B, SRR TRIA AT 75 300 pH(ELAY 52 1 I A W]
3 A M AT 18 5 7 e 2 g T M R AR -, SRR 3 5 K e 0 s X T/ ) 5 i, B
EARHBAR ZE AN, (EENAR I S o AR AR et S50 4 5 F UL A5 AR 22 0 o i BIMER O 5 > B b > Bt > R
AU 3 RANHT L85 B35 R B A7 LB 25 0] S0 22 5 bk s B9 A3 ML Jo % D 48 v 1 AR AR AT O 5K
XA B R T A AR 7 I S SR L ) 5 i LA s A R T 5 A 3 5 SRR 8 5 0t A 200l 5+
JoW 2% 5, H e T HARR 7 3, S bk A LR 5 e i i A AT S, 2R D7 3 S i B A O 5
ik,
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x4 FRTEXRBEHSHHE
Table 4 Fertility parameters of different types of soils

Skt IR A HHL AR B
et &3] - Hydrolytic Organic Effective Available
R Water pH ! K
Soil types tent,/ % nitrogen/ matter phosphorus potassium/
conten (@
(mg/kg) /(g/kg) /(mg/kg) (mg/kg)
JKEE L Gray desert soil 4.67de 7.73be 31.84cd 17.47he 15.72ab 83.66hcd
HMLH £ Skeletal soil 2.47de 7.47bc 24.59¢d 8.11¢c 31.59a 83.43bed
# + Moisture soil 14.92b 7.90ab 36.92cd 16.04bc 29.14ab 106.36ab
£+ Saline 8.52bed 7.94a 29.17cd 16.40bc 23.32ab 109.31ab
TEAE+ Chestnut soil 8.25bede 7.85be 51.43bced 16.00bc 25.60ab 95.79abce
Kb+ Aeolian sandy soil 6.97bcde 7.84ab 29.11cd 13.48¢ 19.04ab 96.42abc
A Jii L Chisley soi 3.38de 7.76ab 58.04bc 18.30bc 13.57ab 98.37abc
Hitk 1 Cinnamon soil 26.28a 7.39bc 16.57d 11.99¢ 2.12ab 101.69ab
F45 1 Brown calcic soil 6.19bcde 7.66ab 38.24bcd 17.46bc 29.54ab 108.80a
K55+ Sierozem 2.13e 7.67ab 20.18cd 8.21c 5.73ab 80.04bcd
Byt Gray cinnamon soil 8.29bcde 7.40bc 67.90b 28.61b 16.91ab 113.43a
H L Alluvial soil 11.12bc 7.87bc 16.04d 15.55bc 10.35ab 49.81e
i)+ Meadow soil 3.67cde 7.07d 53.13bc 20.02bc 22.76ab 65.34cd
IREFRM L Gray forest soil 12.92he 7.04c¢ 14.18d 18.91be 0.24b 52.11d
B+ Bog soil 13.38bc 7.58abc 134.80a 39.00a 5.21ab 108.56ab
/NG FERAER 0.05 2257 8 3 PEKE
» oMM et =R ok
£ 120 a
£ bR
g 100 Sk ab
=3 b i
g2 st i
oy ik
bl III
ws 0O O
R2 a_aa I
2T 407 a 38
5 o N
5 207 o n
2 (! W
< [y Ay
0 o I HA R
IK G by Cal
/(mg/kg) /(mg/kg) /(g/kg) /(mg/kg)

A EFI T LA 2%

Fertility parameters of different utilization types of soils

B 1 +TEARFAFANEHRMESHBIRN
Fig.1 Impact of different utilization types of soil on environment parameters

P /NS PR 0.05 225 BE MK

2.2 YR ZHMER T
221 THES DNA $2HU

ATIFGE R B BU %, 76 SDS-BEE4S G A4 Al L X -+ R RO 85 Ab B, 280 WS g, W R BRI 9+
HER DNA SEA TSI e F VKA | B 25 S B 5 el 2 B,

ARG R Y A 2E S AR, G 0 SE 30 T, SRR E S v 100 38 214 18 4 8 () v Bk, S A i B i i) 1 458
. DNA 0 W, aniel 3 B, Hop 1 SRR R R Sh B AV £ R AT R R sh I M
i T REE FEULL S FEEUY DNA ST 1 R
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2000 bp —>

100 bp —>

B3 FHEUELES DNARBER

B2 FAMART LS DNA REUAR Fig. 3 DNA extraction of soil samples after the method
Fig.2 DNA extraction of soil samples before the method was optimized
was optimized M:DNA Marker; ¥k 1—7 434 % + £ BM33,BT40,BT27 ,BT16,
M:DNA Marker; 3kifi 1—7 43524 1-#: BM33 BT40,BT27 ,BT16, BT32 AL12 BMO {45 DNA

BT32.AL12 .BM9 [#) 5 DNA

2.2.2 16S rRNA FB:AY PCR ¥4

DLBRET) 38 5 DNA 9B, & B 4058 16S rRNA LK Bt i ToIWaiA — B =R 1 GC 741,
PIHEXT PCR 4 HE 45 EERAR T 21, 3l ok 2R B e &0 T AR A9 PCR A5 44 , A5 BT M, Jo 4% 9 15 2%
I 4 R 978 R BOR/ N R 220 bp
2.2.3 PCR =¥ DGGE ¥+ M 1 2 3 456 7 8 91011 12

BB A4 16S fRNA HE K A Br 4tk )5 g 47
DGGE HLyk Al &l 5 70 # 5 B 4 I DGGE HLIK
K, FH Quantity One 4.6.2 X5 DGGE K175 T e e e e e - - ————
Mo G553 on, S VR X R i ) 4 5 DGGE
N R P S ST TR e I i -y G B S A B i
ST

Kl 6 Frs i) A H Quantity one #K{4EHT 1R 5 J5 153
B Mo B R B R, 14104 1 T#KE TR 5 ) 4 40 16S rRNA B PCR =4 Bk G R E
TR B bl A0 1 FE45 + 1040 KA £, 1148 Il\jlig;NAPI\(/I:I:kp:-o;j:l;: 1of tlhze ;a;e:'a; TIISBrTl:N;fng:TeES .
-E HPEL 6 PR 10# VK 19 Aty SOV 022 T 117k B’l:8\B'l‘17?B'[E‘31;§\B’l‘19\BT20\ B’l‘;;BTZ; Js ;JNA %;Tﬁ*)il;’ﬂ PCI;
FT#PKIE , H 1#0KGE R 251 20 D BABAMIRRU T 2 ey,
PR A (] - SRR G e () Z AR PR I B 5e ), 7 2 [
W A4 S# THUKIE AR £ HERA (R HSO R 5 AN I R 4445 24 5K, 5 32 AR, T
THIKIEA 34 D550, H THUKIE FE MR E2E30 00 485 S# B AAE TR 8051 445 S#r L ssaly
KR —2, 7T#IKE S 4# S#A MR ERST WA ARSI, UL A 74 LI ERE D 5 44 S#0 5
AL, L b 442 AR IS IS 1, S#8 bk s KA - 7R B bR A | SRS [R) R 7 0] T8
FERY S B 52, O#5) THUKIE JyAH 2SR 1338 | 580 7 SR B b, S 805 A 350l JE AR (R
FE—20, PRI AR B R] 0T P 552 vty W 50 s DX G At - 438 1) 43 Bt S A AT ik — R
224 ZHHERREUMT

P 16S rRNA B2 DGGE B3 A TR ME A5 38 3 22 FE PR 48 B0 1155 DA 20 B A ) A 498 218 70 1 48 R
I3 AR R AR R (H) , & BE(S) A (Eh) =AM60R, 13 5 s, B ECZHAE Y 21
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FREC" BB A BT R R AR — 14 2% 3% 48 SH 6F TH 8% O 108 11# 124
KA AR B 5 FE AR BB T 1, RUIRETR | 1EF &P
SR SRR AT BT AR IR R AR T 2
RSP IMEG HOAE, A W5 50k = BB AR KA
S 7 L R ST S/ T T E R e R ol = e w2 1
+ Kb+ EA At R S KRR RS
FMECA BT A S+ RS+ I L KA
S S0 SN S 2 = e e N 1 e o
d KA AT AR R = BV K A RES K
G 7 L 10 W M = e W X 13 T S S5 N
+ EA A KD+ EE L R R AR, it
AR BT TR A AR B SO, RES 1 AR
T 5T A YA A Bk W e K I
TR PR AL H b, HoA IR A b A 2R
- S S EFR B AR T 1, UL LIS 45 44 241 A
HB LGS 1 ST 20 R 7 A5 A A B 3 5 52
W B 65 B 5 o LiERMMAE 16S rRNA # PCR =4 DGGE Eif
ST BT R K A v Z:.ial zﬁffmj;ge of PCR products of bacterial 165 rRNA of
SRR F R UL 5] = A P (R L, b 1 #—124# 43 5 4 1 K¢ BT4, %5 [, BT14, BT15, BT16, BT8 |
mEe6 Pin, FWIEH SFEEEH BRI > pr17.8T18, BT19, BT20, BT23, BI22 DNA 5 PCR 74 DGGE
R A > A >R FH L3, BBk b S A g
FEM BB RIE B S & A2 A 2 (HAT A 5 = T R A
FH AR B HRAR B A5 B Uk = R I S 40 A D Ao H 2] B LR R 3 B . 456 A
I7] 3] FH 7 20 4 S50 52 i mT 8, R R 7K i U i 5 A v R S T B I S A ] 4

£S5 TRLTEXRBBES MR

Table 5 Bacterial diversity index of different soil types

F g AR E(H) FEE(S) WARE(E)
Soil types Shannon diversity Richness Evenness
K+ Gray desert soil 2.4356d 13.2857¢ 0.9975a
HLF + Skeletal soil 3.1142bc 23.2500cde 0.9936ab
il 1+ Moisture soil 3.2126abc 25.9286bed 0.9955ab
b+ Saline 2.8441cd 18.0909de 0.9897ab
B4+ Chestnut soil 3.3303ab 31.0476bc 0.9916ab
KP4 Aeolian sandy soil 3.0625bc 24.4118bcde 0.9879ab
AF+ Chisley soi 3.0798bc 23.0000cde 0.9943ab
ZE4 1= Cinnamon soil 2.8115¢d 17.6667de 0.9930ab
1245 + Brown calcic soil 3.3617ab 31.2000bc 0.9964a
JRES + Sierozem 3.3987ab 30.3333bc 0.9966a
JEAB + Gray cinnamon soil 3.2904abc 28.3750bed 0.9964a
Bt Alluvial soil 3.6863a 43.0000a 0.9801b
Hifa) + Meadow soil 2.9949bc 21.2500cde 0.9879ab
KAAFRMR L Gray forest soil 3.4330ab 35.0000ab 0.9656¢
HPE L Bog soil 3.2902abc 30.0000bc 0.9825ab

ING FRHR R 0.05 225 B F K
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Fig.6 DGGE electron image of PCR products of bacterial 16S rRNA of partial soil samples ( corresponding to figure 5)

TEPRE SO KA 000 5 8 AT RE B A 40 B A e A B R 5 B2 A D 3K A R R O s 2 20 9
S0k BV R > B b > BF > M - (FCH BRI R T 1, B R v 4 A 2 BB LU B2 2T, £

S A7 Ok 20 BRI S A ALY 2 S B AN A

®6 ARTEMNAAXBESHMEREY

Table 6 Bacterial diversity index of different utilization patterns of soils

+HER A ERIE(S) B (E)
Soil types Shannon diversity Richness Evenness
ARA Unused soil 2.7402b 17.4667b 0.9961a
#HiHb Cultivated land 3.2341a 28.0000a 0.9923a
FLH Grassland 3.1834a 26.2564a 0.9935a
Mt Woodland 3.1002a 25.4286a 0.9838b

INGFERURR 0.05 225 WEEAKP

225 REKBEWRIME

H N 52 U AR M DX AT RIS 1Y DGGE $8 80 B1E A AR Sy #EAT YR i, 0 e | ol T — 3840t
FAN R DNA 2 57 A 30 20K, 30 7 26 I, HAS B R 43 DL 3 245 B 0y 25 5 B3 38 43 e 371
TE NCBI b S5HRUETR AR HOXE , 85 RTE I 2 0 TR AR AT RGO ARGl . D032 e [ ey s 45 31 1
35 MR 16S rRNA SEP 41, 20K 27 A FEIRPEARL ROPSER RIS S R AW, I 7 o, i RREA T
BT PSR R 3 S W | G o — B 49 5 DR A % SR B v B AR [ AR T | 53 b — 1 25085 T B 3R 1
FE AR IR PEARE  AEF LRI 530 7 4511 19 N8, 2058 Proteobacteria (Z2JE 1] ) | Bacteroidetes ( #
FFETT) Firmicutes (JEBERE | ]) (Actinobacteria( JRZE i1 ]) . Acidobacteria( FRFT# [ ]) .Gemmatimonadetes ( Zf Ff.
JELTRIT]) \Nitrospira (i fLIRBER1]) . Hrh Proteobacteria( ZEJE 1) | Firmicutes ( JEERE PR []) by Z2 500FE i 046
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PEERE, 19 NE 0N Corynebacterium (BERATER ) | Sunxiuginia Paracoccus ( WIEKE JE ) . Sorangium ( HEE H
J&) . Alicyclobacillus ( i ¥ TR 25 46 ¥T B J& ) . Reyranalla ( K 43 25 W2 i€ & H ) . Prallserella . Phreatobacter |
Stenotrophobacter . Hankyongella . Enhydrobacter ( Wi K # s ) . Termodesnlfovibrio . Sphingomonadceae ( 5 N AR R
J&) . Oxalicibacterium .Rhodococcus ( ZLER 1 J& ) . Pesulfotomaculum ( A % AT 18 J& ) . Paenibacillus ( 25 25 T 18
J&) . Burkholderia (1A % [C ¥ J& ) | Pasteurella ( B 5 5 J& ) , 5 A P11 Bacteloidets ( A& 43 ST & 1) A1
Alphaproteobacteria( R 7P KAL) , R T8 mpy ZFE0E, Horb 5 RS IR IR R SO R BOE A
10 Bk, 5 OEHETERERY 28.6% , Hor i /AR AR AR Th e K B AR Y []— 52 || 367R IX SR W 8 37 W D0 34 R P 2% K
R,
2.3 W AR IR A OC R

W AR EKEE pH A HLBT K AR A SO A RO Y B AN R A TR R T B D S B A EE A
FH SPSS FEATHA SIS, AR AN 7 PR, USSR T W LA SIS pH KR KRR IEA G, 5
A HLIBT LA K SR 8 B B AR DG L H A DG R B A B X B, U BT T Z A AR DG IR A 2%

x7 TERNSHEEESHEERNEXRL(n=109)

Table 7 Correlation coefficient between soil fertility parameters and bacterial diversity index

MR AR 8 (1) FEIE(S) K5 (Eh)
Pearson correlation Shannon diversity Richness Evenness
pH 0.026 0.022 0.078
7K & Water content 0.123 0.117 0.053
HHLET Organic matte -0.121 -0.059 -0.347""
A5 %W Available phosphorus 0.032 -0.036 0.099
AT Available potassium -0.027 -0.073 -0.045
JK A Hydrolytic nitrogen 0.127 0.134 0.043

3 i

Xof PN Sy PG P DX ) L R SR AT A e, T A DA AR A Oy P B, EL AR S KR K
fift 8 A BILITORIA S5 1) 5 R AR AR T3E B LA AR A RO 94 5 e DDA S A v, A A L 9 K- L
—TCR IS FIF AN REBGEIR AR R A AE TR F B 620 X BTG 480G rh b X 398 5% 43 4 7 14 43 BT il
I XA HILIBT HRASCR B B T B o A T R i AR MERISE 5.4 3.2 9, RIBRAHLBAL T
B Z AR HA & A T8 T BGE FL L, 7K, A5 B 2 A ] 1 A A M TR 6 S b Y - U
PO AT A T AR SRR T A BRI S RS HA SR A S AR L M AT A St PR X
TR RIEAE T AU th et T LRz DX R b A BOR AL AR — R I A IR
AL

TEXS LA A0 T AR PR 3 TR AR b A0 15 SRS b 1) e e A8 I b 4 it BE R s, S
IR = WAR X AR o 39 AR 2 Fh Al S K DA sl L e T 250 A R AR R A B 2 5 T i, 22 B0 HE
JIARVE i AR 3, TR b AR SR e A R A6 5 A Yo A g e i A AR it | R P AR M X
Aty - R BN TR | 5] I A8 e s DO PR BT = g S B AT BB 20 B 20 A1 B0 2 1 2, 5848
b BEFURRAE B R, R U R P RS ORI A S Y il A B i G A - W B b R R
A TRACHIBRAL A BR AT TX 0] BRI I - AR B A R 1R BB AR A S

FEABEFE R o T 3R FH 5 XA A 8] 1 AR 5] 4 DX A4 AR ] 280+ S rh S B 2 RE v L T — 8 i 25 5
P, L HEAH 7 O R T RE 2 5o B L SR E M EE F 55 22 A, PN 58ty 74 0 X e v 3l B 5 e
SR 2 R B AR X AT RN [ X A ) -3 A A 2 22 AR R, ST R L AR
(RIS AR 14 - 398 1) AT E Wy S5 A8 rh R A B W L BE b B 2, QAR ST 5 o 4y o TR MRS A
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31*
32%
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Paracoccus kocurii (NR113865)
2*
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66'12%*
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7313*

g
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7 V23
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6*
77
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85
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20%

57 U 82 Thermodesulfovibrio yellowstonii (NR074345)
43] 14%

Rhodococcus kyotonensis (AB920569)
67 64119*

Desulfotomaculum nigrificans (LC127105)
22%
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o0 | | Pasteurella pneumotropica (HG315693)
48 26*
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{_{ Uncultured Alphaproteobacteria (DQ263344)
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83| LI 34
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25135%
21 Uncultured bacterium (KM091243)
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B 7 +3EEHE 16S rRNA-DGGE B &4 R

Fig.7 The phylogenetic tree of soil bacterial 16S rRNA-DGGE dominant bands

+-, SHEER A AR IS L THA RIS KRS L THUK B (AR AR RO R 2 T 445 SHIKIE . T NS
VYR X L ], R AR L, PR DT e N 7 AR A 2 22 S R AR 22, A4 4 R 5
e JREE EREESEIIEOT R S AN T SRR 22 5

2533 16S rRNA KA F 500 Fe Xt 5 s 3845 20 7 7 AT TR 4 G #2547, 4353 4 Proteobacteria ( Z8 E T8
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1) .Bacteroidetes (FAFT & 1) . Firmicutes ( JEBEE []) . Actinobacteria ( BLZE T []) . Acidobacteria ( BRFF & 1) |
Gemmatimonadetes ( LI FE ] ) | Nitrospira ( ASFLIEEE 1) , 3438 T 19 &, Ho Proteobacteria (22 1 1
I'1) .Bacteroidetes (FLFF I ]) Firmicutes( JEBEF ) 5 Actinobacteria( BUZE R 1) MY FP Ry 280 5 09 O 3V
T, DIEgEREA G R R JRE R A AIBETE A — 3, SRS X S S R AR B B 5
VLB [ AT 90 R I VB R I e - SR A W A B e 22 0 R AR, R AR S TR E A Proteobacteria (28 T
I'1) \Bacteroidetes (fEIFF R 1) Fl Firmicutes (JERER ) , LR /DT AR & BB A R REFN IS, diE AL
A7 IS T EUCE TSI AR A5, T Proteobacteria (ZE IR TR 1]) Y BARN A TR 5% 1 A W LA ] T Is R i bL A= 3=
G 7= A S BRI A )T 5 Nitrospira (AHALIRBERR 1) mh (8 Tk 40 B AR ARl A 7= DR RIS e R B8y
VTR LA T B T A R R 04 43 A o T P 5 o T X SRR BT AR A T LA R & R
A=Wt IS A BRI

AW R IR S K pH A HLET KR A RO RN AR B 5 B S A R R R R R DL
5] B Z IR AR DG AN 3 Ay A5 1) R 305 Wi e 5 28 A T S8 R S A TR TR 45 ) N 40 O 2 R 1) 2 2
TP FBR T pH (B A LT Sb, 30 A WK A0 22 1 S A T, T 3 79 002 BT i 9 i O R S . 2R G
U FERIFFE KRR AT 5 FE s )Xo - 198 B TR RER 7 114 45 A 5 M s 2 B - A BILE L pHL RIS 25 2 5 ) o A 5 4
T 22 Bt A S R DR 28 BT E R A R U Tttt U ) S IR R T G R A A R
SRR SE R A RO A B R 5K ER LR U O ST A R R B R AR N IR RUE Y ZRE R R
HY AT S A LT R B PR AE TR R R Y 2R B R R X S ASSCRI RS R A AN
5, AT RESE H T2 W A i 2 R IR R AR 22 | 38280 5 - 3 A1 FH O At 206 7 AR 52l T 3R F 58 N 1
Y2 2 R AT e HoR IO T 3ERE i 2 R [R) — A7 X oAb, o mT BRI A A BR 58 R - A 5200, FE A i
JUR &R B A AR M A HAE A A

4 %t

ARSI YO 52 3y U ER L X I b Y A TR AR VEREAT 140, NS TU I X R A £, K
ZREVEZ ) A K SR O A0 B B S, 12 X A 3 T A R AL 45 Proteobacteria (ZEFERITT) o
Bacteroidetes ( #{#T B 1) . Firmicutes ( & BE & []) . Actinobacteria ( FTZE T 1) . Acidobacteria ( BRAT B []) .
Gemmatimonadetes ( ZF HUII B[] ) | Nitrospira (FEALIRGERE 1) o AHFSE R4 I 12 8 X 14 20 B 5 5 % ) FH A &
HE— LR 2 FE R A T AR .
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