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Soil Bacterial Communities of Grasslands with Different

Desertification Degrees in Northwest Sichuan

YANG Bingxun, LIU Quan, DONG Tingxu

(School o f Resource and Environmental Engineering , Mianyang Normal University , Mianyang, Sichuan 621000, China)

Abstract: To elucidate soil bacterial communities, especially in desertification grasslands, we explored soil
bacterial communities by the method of high throughput sequencing technique (MiSeq). The sequence region
was 16 STRNA V;—V, variable region. « diversity, community composition and the relative abundance of
soil bacterial groups were analyzed in order to explore the effects of soil nutrients on bacterial community
structure in different desertification grasslands including non-desertification grassland, light-desertification
grassland, middle-desertification grassland and heavy-desertification grassland in northwest Sichuan. The
results showed that: (1) there was a large difference in soil nutrients in different desertification grasslands,
with the desertification in grassland, soil pH increased, while soil organic carbon, total nitrogen, total
potassium, alkali-nitrogen and available phosphorus gradually decreased; (2) the structure and diversity of
the microbial communities differed from different desertification grasslands; at the phylum level, the domi-
nant phyla were Proteobacteria, Actinobacteria, Acidobacteria, Chloro flexi, Gemmatimonadetes and Firm-
icutes, at the class level, a-Proteobacteria Actinobacteria , Acidobacteria, §-Proteobacteria, Thermoleophil-
ia, Gemmatimonadetes, Bacilli, 5-Proteobacteria were predominant; compared with desertification grass-
lands, the dominant phyla in non-desertification grassland was Proteobacteria and Actinobacteria; (3) with
the increase of the desertification degree of grassland, OUTs, Chao., Ace and Shannon gradually decreased,

while there were no significant difference in coverage and Simpson index; (4) the results from the canonical
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correspondence and Pearson correlation analysis showed that soil organic carbon and total nitrogen were the

main factors that significantly affected the soil bacterial community composition and alpha diversity in deserti-

fication grasslands in northwest Sichuan.

Keywords: northwest Sichuan; desertification; grassland; soil bacterial communities

AR W 2 L M A 3 R G B A Ry AR W)
Z 5k R A VLGP0 i LA K g A4 a8 ik
S5 PP FERG AESORE L RIS R R EA
A A TR B R A AR 2 R
TS R GRS L T BE VAR O L AR 4k £ I
3 0 A S A 25 v e A 3 T AR A LA Al A Dy g
Xt T Ji] B B0 058 2% P o R i - AR AR A F B R
2= AR AR i e R R R Y
R E S RIERUEY I 7000 ~900% A Bk F
AL 2R BE A ST E A LT % L E IR W T
MR 2 5Bk ASF Y BG4 55 TAE S RS
AE LSl R STOR BR L AR R A R e A R
A7 B R BILY SRR ) 1 D SRR R o) i
S ] LB TCAL » R] IR 3 S8 T AL SR AR 7 A 1 E SR
M. L HERANE 2 FEVEE A R R R R
HZIRIE 7 TR 7N S P/ N S8 L N E A B a4
22 HARF K K R A 520 ) an e w3 R
AT A e e I R AR D B AR R T i
H T G A A e I L AE I A L T R L BE A Y A T
S e - SR B A W AR 9 O3 A R AR AR A B L L 2 i U
g i Iy Ty

H 20 fHad 90 AEAR IR L Bl 35 3 [ 552t 14 R AL
Az SRS TR S PG b Ml DX A v Al R AL A 2 5B
i SR TN R B 5T R R L R A s v A A
M TAES R AEAL 7 + 5 o 5 X 200 1 % vy
b DX s VD AR S L NP L e E R R 4
TRHIX 22— o Ml AR 77 8 T2 S o A 2 il A6 B A
FOE B, E I U e & ™ E R X 20
(19942013 4F) 4F ] Y0 Ak 8w AU Jn 1 28. 1%, H
i B T BRI A 820 5 hm? B Ax BRI AZ AL AN
N3t 2r Uk i Gl B ANALAZ) » 5 B0 X A i AR
YR S AR T R AR A IR AR B AL 1B
el T AL TR AR R T A [ A R SR A
I X E R H R %X GG n] 2 A R A
A A ) R TR MR 2 XA [R] U0 P Tt B8 o 3 1) 3 B
WL E i 7EJa BED . BOE BT R X R Y
W58 KR53 B rh 72 WA 36 30 K 3 B it 1) 328 BB S
T o 7 V0 A IR Al i B rp 4 R 40 SR B A, 2 2L
AV I RERRAR . R A D58 o 3R BT L 5 4 VDAL R AR
T SRR W RO R L O [ VD AR N U

WIRE v 095 R A [R]  GAE W Fh 2 e 22 58 02 1 Sl B i 1)
HEAR AR AT PR S B O SR SO K A B Y S
BRw TAESREMZ WS MAEYRRE S
KIFO B ARG P A Y R 5K E DI REZ 18] 1)
Wk 22 O0F A R e K AT SR A AR BT HAT
BEXS A [ R B v Al B b 38 2R W e v R AR 22 AR
Y BRSO B0 o AN A o 45 T ke L AR SC A M R 1T
JUA [l v A 8 2 s Ml D W 50 R 3z e k0 4
AR WG AN TR 2 R A SO A R O S
S TR IR S SR 0 A R A K 45 R A R IR R X
P ST AENE 7 LT e A S AR B 52 B0 XA B
(19 48 B 55 ] 35 S0 A 2 L

1 M55k

1.1 HEXHHER

5% DX A 20 J5 B (DY )1 48 PG L) Hi Ak Bap 491
T JE E EIE M e (31°517—33°19' N, 101°51"—
103°23"E) . J& T )11 VG b 75 B v DA 0 45 7K 26 0 I e
Mo X R RN IX . 1% X R IR M X VD AR
M S AR R 6 915, 4 hm® L4k 3 210~4 857 m, &%
KEKTH, LEF, HET L, BL T, LHN
40~60 d, BRI 2R B0 1. 1C, F K
I 753.0 mm, T AF B S R AR R 26 °C A g A
RSN —36C, HIRE 2 417.9 h, HIE Jy 55%.,
A LA vy Ll ) o L VR B S A . 2 e g
G R 32 X DA e ) I e L A
STARE e oy e SR € £ S B ol 11 A e o L1 57 34 e o<
TEREIANWIY K. ARAIE ST 1 BURE 55 20 A 40 R & 45K
N S5 2 XA [ VA 38 A T R
1.2 RIigit

2017 4 8—10 J1, %W 5% X il 47 40 25 1) 9 Rk
LEFNPHAT , T IF5T X V0 Akt Hb o3 A3 4% Jm) R #F B[]
SR R AR K i B L AR R A Y DX B 2 AN R v Ak
T 1 R M O U Ak 0 1l 8 B 0 Ak B P B D b
Mo EE VML R ) . GPS SRR 2 4 R R
B TR S RE b LRl 2R BT R A A FR AR (R D)
Ty AL B b 43 HIE B 3 > 500 m X 500 m B AE 4, 45
AFEHFE AL 1 m>X 1 m FEJ5 15 A, AT Y B
TERE DT IR . AE B D 4 R BURE 3 IR 500 g
Ze At 4 B 3t 2 mm B bR 25 K B BR A FIAR &R L B



% 6 3]

A e 0 2 < N PG AL S ] 0 A B8 W s 39 400 B8 3 7 i AIE 47

FETRIE Sy 0—10 em R4 B AE (BR £ R JZ BRI 9 Al
BZWMRAR) SR 2R WA ARAT (—80°C) Ly [n] 512

902 N H T 00 % R 2 REYE s 5 — 3R A AR KLt
15 d JAid 80 HfiJ5 il + 33740 & .

F1 TEBEDUEMEE

FE H W /m o M BEE/C) Ml BV BRI 3 B 4%
3498 2 10 2
kol ) . , CTHERIE 95U Bl R R R, RRER O TR AN T
(ND) S BEAE 32 em T WA
3468 5 6 1
L T e ° S R 65 %L MR
ik 3467 6 6 g L mETOTA AR R A RO
(LD) WP EETE 25 em
3408 7 9 2
3421 2 13 1
TREREE ; o L PRI S0 LLE A RO TR AT R T
(MD) WP EEAE 20 em &5
3450 4 5 3
3406 3 8 2 o
EEWLEL X i o PHEE 0% R R, MRS TR DR A T
(HD) sa ) . | THEEAE 12 em P L A

TERP LR AL 2 RF DAL 3 AT IAL . I I 152 5% ) FA 12 o e om (LRI AR Sl o, S 07) W A 457 — A48 4, R Ak i

16 0~8 Z I BTk 7 B F 4 1020
1.3 TEHKNNE
1.3.1 X3 Aoem oz —Hr HIERER 4 BRI
T 20 d J5 LERAEY IR R Gk 2 mm G, % pH
{ER HEAR LA 5 (2. 5 ¢+ 1 /K H IR BRI s A LR Al 4
Rk ot R 90 A B e R NaHCO, &
PE—4HBEPLLL 8 15 Bl A AR H NaOH-H; BO; %
SR SRR R SO THEN
1.3.2 XgEméan 5

(1) 13 DNA F2IBCH 7, 13 DNA fy 42 5t
i b 9 26 55 2 W R AEAY DNA 3K %] £ (Omega Bio-
tek,Inc,Doravilla, GA,USA) F) FH 1 % Z5 I8 B 5% I8 =,
RIEAT I 241 DNA R I il 2 . 2 B ik w0 26
B4R, {#i ] Promega 2 F 8 QuantiFluorTM-ST
WYL RGNS PCR 7= Yy 347 5 5 Al 22 )5 AR 4l
ARG M 7 o 2R AT AR B LB TR A . I
Wik 2lifk J5 19 PCR =9 % H 19 i Bt (16 SrRNA
Vo — VORI . R 1L AW A m AR
MiSeq I J5~F- &  F T 40 T8 19 45 5 1 51 9 (338 F_806
R)i#4T 16 STRNA JE K1 . i | AXYGEN 24wl iy
AxyPrepDNA #E i 71 50328 571 & U1 g Bl PCR 7= 4,
Tris-HCL 6B ; 2 20 S W s Uk A U . HIL A 5 1 4K
P Lz 2 g L AR T i O A5 3 T (5 B L AR
PRLI S EL AR

(2) JPo e fl K 2 2% . v 3l o Iy o AR o iE
o I 2 A R 34 SR A Y L B
IR BE B N 3 BT B AR i ) IO A Ry T A
) T R o e e TR E R AR WA B A A A L W XA
ROF H HE AT 2 2% FE 55 A5 B0 4k BoHE . 1 FROpE

Trimmomatic, FLSAH %} #iE #ef7 =44 .

(3) HEYE B b S B ab 3, MR 4R Barcode
¥ B R 53 45 FE b K » SR )5 B Barcode #1519 19 17
FfdH] FLASH X #E47 B 45 5 =i i e 9 B i ) Q
Il ME 3475 %45 4k 3 . # J§ UPARSE ${F ) 484
BOF A HEAT B2 BRI L 99 %6 B AH ) B %) 41 B
2318 OTUs (operational taxonomic units, # /E 4
FKH o) s N OTUs 3 B — AR R 5 51 . L
Greengenes 50 & & 7 2 2%, i Bl RDP Classifier %}
OUT 479 i B, B A5 KV 80 % ; fie 5 X B i
Bl ) — AL AL 2R DUAE S b B e D o bR UE L S —
U IBCA 0T 5 R W 58 AN o R VR A R . i TSR ) A
F R (OTUs) - e RS 2 HEAE .

8 40 # F B (Community richness) 1935 2% 4
T Chao #5 $UE ] Chaol Sk Al T HEY &% OTU
K H B4R %L Chaol 7EAEZS 2 HIRAG THRIUEEL
Chao e 42 . Ace 8B HDRAGIHHEVE H & A OTU
BH MR H Chao 2 1, J2 A &% h Al ) A A
By T8 50> — . 5 Chaol BB AR,

M £ FE M Ccommunity diversity) [ 38 £t U0
T Simpson $8 £ e il B AR S b R B 2 R
PEFR B Z — . ih Simpson #7242 2527 i R E
A IR — A XY AR W) 2 FE 1 Simpson 48 £ B
KL UL REVR ZREMEBG . Shannon AL AL 5
MAY R Z IRz — . B5 Simpson Z K45
B R H ok I it o 22 FEPE Y 45 %0, Shannon {H K
K UL RETR Z AR

DN PR B 4R A < Coverage S48 45 B i SCE Y



48 /S o T S T

%25 &

7 %, LSO e DR A e e 3 A B S 1 A 2R
BRI, AR B B T AR U 25 R AR A B
SEBL. X OTU IR PIRB A5 8 5 FEiFTE
BELLET TR 3 28K B 08 RE S EA TRl = B Ge i E K
TUA AT (RDA) , T A5 2R 5 o B 75 41 0 25 4 L A AL
PLL R BEIE S5 S A F IR .

2 iS50

2.1 AREDHEM LIRS SEE

H1 2 AU NP AU [R) v A e it 38 57 73 BAT W]
B2 MRUGRI Dy - B U AR B A4, 13 pH
TN S T AT AU | 4 R A B Lk iR R S A
WAL s b 1 pH(E ARV 7. 56~8. 63, 5 {EH A

8. 03, Vb pH A 1 2 & T R VDA 5 (p<<0. 05) 5
TIPS ANy 9. 04~13. 2 g/kg S{E K 11. 25
g/kg,ND fil LD 2254 5.3 (p>>0. 05),MD fl HD 24
FARE(p=>0.05); TSR AAMAEFEN 1. 01~1. 23
g/ kg BIMEA 1. 11 g/kg, b ybfb s i + 2R W& &
TARAF L (p<C0. 05) , MD Fl HD 25 57 A 5 3 (p=>
0.05); HHERF A E Y 9. 87~13. 56 g/kg. H{H N
11. 76 g/kg,ND Fll LD 22 RA i 3 (p=>0. 05) , HD g 3
T B M (p << 0. 05) ;5 - 48 B A% A A 1k T B
18.74~29. 85 mg/kg, ¥J{H N 24. 24 mg/kg, /A [F]
Hh A R R 25 5 2 B3 (p<T0. 05) 5 4 B A AR
LG 18, 74~29. 85 mg/kg, ¥ (E H 29. 19 mg/kg,
AN [R] R b A 9 ARG 2 S 44 3 (p<<0. 05)

R2 FRDAEM TSR DT

5 DH fi AL SOC/ 4% TN/ 4248 TK/ B R A AN/ W AP/
(g kg™ (g kg™ (g+ kg™ (mg * kg™ ") (mg * kg™ ")
UL L (ND) 7.5640.12¢  13.2541.69a  1.2340.06a  13.5641.25a 29.85+3.02a  38.0342.16a
IRV LR (LD)  7.6940.16¢  12.4741.23a  1.1640.15b  12.0140.98ab 25.18=+2.15b  32.154+3.02b
hEEYME B MD)  8.2540.08b  10.2340.98b  1.0520. 08¢ 11.5941.65b  23.17+2.02c  26.47+2.18¢
FEEFLEH (HD)  8.63+0. 15a 9.0441.14b  1.0140.23¢c 9.87+1.24c  18.74+3.78d  20.12+1.97d
BIE 8.03 11.25 1.11 11.76 24. 24 29.19
F 96.17 165. 23 106. 58 132. 64 115. 97 187. 23
P <0.05 <0.05 <<0. 05 <0.05 <<0. 05 <0.05

WA RNG FRER IR 22 5 W3 (p<<0. 05) . T [,
2.2 AEDHEMTBEAESFSE

N 3 From . BT A R b ST 8 35 %k 9800, 3k
B P SO R B . FE 30 A KT L AN RV AL
Hh A 3 4 7 Chao, Ace, Simpson 1§ (. Shannon 1§
B.OTU $g A2 5. OUT # H. Chao 45 %K.

Ace 521 .Shannon 8% £ N . ND>LD>MD>
HD, A [R] V0 4k B Hb A 18 20 147 2 55 % Fll Simpson
BEER AL FE (p=>0.05); A IF ik 5 #h + 35
Chao.Ace.Simpson $§%%.Shannon #§4%.0OTU # i
Him T AR R,

£3 ARADVHEMTIEAFEFIIGITRSEEEY

0. 97 432K F

WH 541 ” . ” " ; "
OTU Ace 8%t  Chao #5 %% = Shannon 5 %% Simpson 5 %%
RV AL H HL(ND) 10569 2895 4159 3956 0. 9906 7.56 0.0016
1% BEUP AL B (1LD) 9853 2786 3856 3721 0.9901 7.32 0.0015
Hh 2 YDAk B MD) 8692 2531 3625 3614 0. 9865 7.15 0.0015
VLR (HD) 7698 2304 3302 3289 0.9813 7.01 0.0014
¥i{E 9203 2629 3736 3645 0.9871 7.26 0.0015
F 123. 36 98. 56 165. 42 136. 97 56. 14 99, 23 34.12
p <0.05 <0.05 <0.05 <0.05 =0, 05 <0.05 =>0.05

2.3 A[E) b4k bt g 4 T 60 B T 4R AR AR AE

e 8 £ O 4 R S s O [R) VD R B A A A
mn R ARG DU B A B Y 32 ASTT,65 L, 169 N H . BT
ARG — R4S 756 234 A RUF A L Hod i b R
65 231 Sk B Z )T HIR 70 218 . XL I
99. 1% AJ LAy 2 B K 8] (4 4l B 11 25, 0. 9 %0 5 B dig 1%
X288 B 1128, niE 1A fios i MiSeq 5

I P R AN [ U b B b A 48 b R I B Y 322 )
A A H ] (Proteobacteria) (29. 8% ~35. 2%) .jik
LW 1] (Actinobacteria) (11. 3% ~19. 8%0) TR ¥T B
Il CAcidobacteria) (11, 3% ~ 19. 8%) . &% 25 1 ']
(Chloro flexi)(8.3% ~12. 6 %) . 2 BA KU B [ ] (Gem-
matimonadetes) (3. 2% ~7.5%) . JEBEHE ] (Firmi-
cutes) (3. 2% ~ 7. 2%) , A AF B '] ( Bacteroidetes)



% 6 3]

A e 0 2 < N PG AL S ] 0 A B8 W s 39 400 B8 3 7 i AIE

49

(1.6%~4.1%) . T 1k "2 JiE & ] ( Nitrospirae )
(1.2%~3. 9004 8 AT, Horr |5 6 A~1717E - 4erh
o7 B AL 2 BT AN ) 89 % ~95% . B4
WRB TR FEEANT L0 H AL 41 MFAT 3,
BATE EIFE 5. 4%,

G 1B FiR il it MiSeq 5 3 5 & 3R [F]
A A N w3 A 12 1 S e S P A A
(ar Proteobacteria) (21. 9% ~ 26. 9%0) . i £k 1 24X (Acti-

* 100

~

i A

fg 80 |

EZ

E 60 B [NONDNL

B i

% R s S

g 40 r o HHH,

@ IIII:II

-

i\ 20 [

=

iﬁ‘ 0 e mmmml

ND LD MD HD
71 ZREI] BRI
RN E=E BRI
B 1

2.4 TEFRHSERAEBFRLEHHEXN

SR TT LA BEAR AR 7 A K SR A TR 5 TS [
FIR) R e 21 P 30 o 372 A ) P 5 () 2 5 ) 1 - S
FIRFTE LSRR 4L . - S 1 I R 40 8 T 5 25 1Y)
FH % F Mantel #5577 1 (Mantel tests) 4308, M35 4
LA AN R P 45 5 1 pH (A IS K
I PR AR AR W A OC (p<T0.05) ., MK
43 B 2 W] , Proteobacteria, Acidobacteria, Firmi-
cutes, Nitrospirae WA FEE S5+ pHEE B
ZAN M OC L Actinobacteria WA XT £ & JE 5 14 pH

nobacteria) (18. 3% ~29. 3%) .8 ¥ B8 4 (Acidobacteria)
(15. 3% ~ 20. 5%) . B-7E & W 4 (B Proteobacteria )
(12.1%~13.5%) . W # 3l B 4N ( Thermoleophilia)
(6.3% ~9. 8%) . % Bl # 4N (Gemmatimonadetes)
(5.4%~8.3%) FFH M (Bacilli) (2.3%~T7.2%) Fl
-2 i 4N (5-Proteobacteria) (1. 7% ~4. 5% ) 3 8
A Hd 6 NNTE R ED S S AL, 25 B R
A AT WM 89% ~95% .

2100

o]
(=]
T

(=)
(=]
T

'S
=3
T

[
(=]
T

il

BB ] 5 KK R AR R/ %

ND

ECTd ERATRITT
E=3 #lF®T)

LD MD
= #%W)
MDA R 1)

AR EM T AR TN EKETRENT FE

fH5 B 3% 1IE M ;s Actinobacteria WM XT £ 8 E 5
SOC & B #F 7 # %, Proteobacteria, Acidobacteria ,
Chloro flexi,Firmicutes FIFI X £ HE 5 SOC £ §
FIEA G s Actinobacteria WX 5 E S TN £ 1§
E M M &, Proteobacteria, Acidobacteria, Chlo-
roflexiFirmicutes WX} £ & F 5 TN £ i 3 IFE 4
K 3Chloroflexi WAIXT & S TK 2 2 15X
Chloro flexi, Gemmatimonadetes B X £ & & 5
AN £ B 3 1F M 5% Acidobacteria BN E & E S5
AP B BFIEMK.

x4 IEFHESTEABTEEENEEBEXYE

i H pH & Pk SOC 244 TN 24 TK e A AN BB AP
Proteobacteria —0.513" 0.527" 0.639" " 0. 265 0. 069 0. 362
Actinobacteria 0.789"" —0.689" " —0.501" —0.316 0. 365 —0. 245
Acidobacteria —0.710"" 0.723"" 0.715" " 0. 405 —0.214 0.623""

Chloroflexi 0.325 0.556" 0.638" " 0.536" 0.698"" 0. 327
Gemmatimonadetes —0.056 0.316 0. 320 0.382 0.523" —0.421
Firmicutes —0.423" 0.589" 0.651" " —0.156 —0.231 0. 265
Bacteroidetes —0.231 0.106 0. 036 0.233 0.310 0.325
Nitrospirae —0.528" —0. 382 —0.541 —0.358 —0.169 —0.189

TE: % o % % PHIFRIRTE 0. 05,0, 01 K b 22 57 35
2.5 WERFIXNHEYEEH R

R T AR o S PR X (ol A W A K AR R L A
S o s H AR R 500 0 S 49 M o 2K K T
2R TR BT TR AL R AT IC AR . R R RS

bioENV i 1% H f5c B8 1K BH 1 5 41 B 5 V% 245 /) AR L 11 6
AN 4R 5 Mantel tests 775k — 201
28 3L U o 1) 1 1 B Ak PR 7 5 40 A RE VR 4 R R AT T
AHTRDA) s RDA - 4 HE 77 & AT L LWL b 25 3 A



50 /e o S R 1

%25 %

FER G5 PR B AR i 2 H] O &R HE Y 5 Sk ik L
Je R BB R 5 HE Y b0 A DG L e A Bk R
YOG 2 0% ) i A Sk 1 e RN R B I T 5 ST X
SR OCTR BE B K /N o % 2 M A DG PR BN R 2
Ko A FE o PER B8 DR 2R 0 AN [R) 170 2R 28 B8040 25 1 1%
.54 R 2K I (Monte Carlo test) & B, 5# 1iF 4R
W) F=2.76,% 1,%h 2, %l 3 Flfh 4 19 FRAFAR (4 41 5
2059k 0.953,0.967,0. 853,0. 981, £ 4h 4 Ay &
&R R 87. 36 % . it RDA 3 #7 HE ¥ 45
AIAE . PR AR ] e A I AR % R s A AR Gk
Z.ND fil HD 1 88 4f 18 2H il 22 5 % K. MD il HD
1.0

Actinobacteria

s

cidobficteria

SOC

Gemmatimonadetes\ Chloroflexi

RDA223.58%
=)

0O HD

-1.0 0 1.0
RDA163.25%

fi F = ZMRGND A LD £ F— R . SOC il
pH R A 5 28 0K 3R B HE X 40 T R i 20 5 ) A
R AP B 5 42 85 5. 150 W] JHC X6 44 B 7 T 2 5
M 45/ 5 78 £ 3% pH (i, SOC, TN 3 -+ 3 41 14 #f % 45
Fy ELA B M [) A AN [ 01 el 4 398 240 B 5
AR5 ND RSN RS AL T R pH (E
B DI M HD SR R T RS K
e AR 1 DX A [ V0 v A 8 00 TR VR A5 A R
Ay Eom Actinobacteria s Acidobacteria BEV& 5 pH
{8 ZE M A, Proteobacteria #7555 SOC, TN £

FIEMK.
1.0
B Proteobacteria
Gemmatimonadetes 4 SOC
cidobacteria
X
= AN
8 0 /\ Proteobacteria
N
2 |
2
O Pigteobacteria V
O
Thermoleophilia
A ND
v LD
pH o MD
O HD
-1.0
-1.0 0 1.0

RDA158.97%

2 ETMNWHRBKETHIERAAIBERREEFHXE

3 Wihsiw

3.1 AEADHEMTIEAHSHEEREEAR
VG b 50 A 25 2R Gt e 4 BR AR b B4 0% X 3k, L
Tl 25 W 21 1l R T R B2 i A A R G Ak 1 ) R E
PR ARWEIE o, AR VDA TR S T UMb
FHlL L XR] B S K B A O T K A R
PHAT A R G AR W TG Ak i S RN T YAk
Bl K ARG B IR B O T 2 TR A
i R G R o B AR, L E VD R b
B K B B AR, A A T R A S R W 0 A
53 o 26K 22 B0 1 R 4 20 R P 2 AR A ] L 32 A
& 10 N EA AN E 28, Chu &0 78 35 5 5 JL 7Y
6B 5% 2 )25 - M A TR R Vi 25 0 R IR TR T T o AR
TETETT RRFFIA T AR T TR ZE IR 1] 5 RIT2K
R X R LA 2R, JERER ]y AR 1] A8
R OBIE W] UFFR T IR &) 6 KITT2EN
SRS EEANF SU KT 1 Al 28, 5 AW
FEIEAR—F, M Yuan U A B NP wTS G
TR B BORE I 9 w8 L0 5 D5 - 45 240 57 B U R B IR T B

(1SR 1T 28 50 M B 1) o F 9 Y BN e R 289 3
ANE T2 . Zhang S 5 55 8w AL R TR0 48043
e e ) e JE RS VB A DA 9 A0 R K A A 2 S R
FERHTERE N BIL ] LR ] R T
BT 4 T2 X Al BE 5 25 M i U L7k SC . 1 A
WEARAFATRAT S AT B PR L6 55 58 2 — B it
AWIRETR AR . ARWTSE D RN TR P H AR S AT
FUM LOJREBE G TR 2 BE A e X T BE 55 R BE TR ] T A
T PGV A w0t A S5 3R S5 RUR A R ) 4 5857 73
AT VDAL TR T CER TR T AT = 4 8 o ik £k
PR3 AR K PRI S p LA i 0 DR 0 A
M - SRR B T R A BN AR G

PN e RS R C N 7 N e VA Gt o
SR A AT ) AR K 20 R e R K Al i T R A
A S AT 4R i 8 10 R A L A R B UK A A 2 3R
SO 75 T A R AR O T R AN R K
FRZ R EA Y S RN TR R . AN TR L
b A O 2 A HEAS B T ) A (], o 3 A 5 Y
SRV AEAR R 2 J31) 0 e S 240 TR THE Vi 45 40 1) 52 Mt A
Al o SRR My 2 A 8 TR R A W P B el



% 6 3]

A e 0 2 < N PG AL S ] 0 A B8 W s 39 400 B8 3 7 i AIE 51

EZ W SN NNk ) e G N
YRV IO S B 28 1 L 2L D AR I 2 N 2 R AR
HEleESHEEdREEE MR ERR . RIEE
3 AL AR VDb M - A T 2 AR R RO & Tk
FH 5 TR T 45 R — 2 U RV AR BRI T
ISR 2R YR R b, R A T A B
T AT B AT T 4 T X 5 3 1 W s R P R A
Mgz T e B R K

3.2 AEDHEMTIEAFREEARSTESRSN

x&

WFoE X - e BE VA S5 MR o ZREPE S 1
pHE . A HLIR A2 A B E M C., 3 pH HE
5 - 198 200 TR R VR 0 A R B 2B T, Rousk
U R pH (RSB MR B 43 180 m FEE ()
RUBE) N = HE A= W HE 95 445 #0 R 22 B 1 SR v 3
JF 0BT . 45 SR I A DR RE T A5 R A R 2 AR
43 pH E2 YA ¢, Fierer 25100 F) F oK uifs B 1 14
B R Z M B T 35 U R Bt A B e 4 g A 1R
FE & 22 BE 1 0 A 0 b 2L A S, R IR A R TR
FEEMErEES 5 pH {HA 3, Shen PV FEK
F LB SE 6 Fh B 7R AR Bl 20 8, R P o 3t B R 5 1
S 2 TR A 9 2 BURN 22 R T TR AR I A R L R R
¢ pH {H 2 5K 3 - 40 0 43 A 1 52 e IR 5 AR R
ghis—2, [FmF SOC Fl TN 2 -+ 18 40 3 BE v 45 44
MZFEPER EZ R N T, 1 Chu 207 76 X0 7 85
TG I R B AT 93 36 2 R 35 2 4 HE A1 R B A )
A1 B IR e RIS 0 B 2 R e D G R ) 2R ) 3
Sy A B P . R B SR T B A R R P
R 3 106 490 552 T = 48 3k 0 355 - I o b o 8 T 4 HE 40
I BEVE S5 Z R0 . TRV R b, A % 5K
AR &, M LA & 45 i 5 1 3 B U b R b R
T T G, e HUAR B RS G, R ROR B Y
ERZES ARSI AR R A ZFEE. Y
TIEHE YA S B E SR B 5 pH E M R4
KSR AR T MR R KRR T,
TR 1 20 B8 BF V& 415 118 pHE RN 35 K B %
YIS . 1024 + 4 pH A AH U . 4 58 37 43 7T BB J2 40
BRI 45 ) 1) T L5 i TR

B 32 AE Ty K R BE AR B AR L R A ) R R
oW S AR E 20 . AR5 AN FE b
Tz E] IR RN IR N
& WA, B I E R TR & R AR
BOT A TR Y 2 S VR SR R AR k. Al TR Y P

W 14 Proteobacteria, Actinobacteria , Acidobac-

teria, Chloro flexi, Gemmatimonadetes, Firmicutes,

SRS [R) V0 A el 22 18] - 358 A0 TR R T ) o 2L S AR AR

- BEATE 1] A9 A A XS = BER [ L 7T B8 PR o A

YRR DL R CH: ) + 3 52 A i 8 e ) e U

ERAEIE X . Actinobacteria BERE IR 2% 1t K i

ELOHE AT ] 1 T, Proteobac-

teria iy FEMMLHE ], H45 B F£ 8 Proteobacte-

ria JURE A 85 b 32 SO0 T R A WF 5T 0 B

Proteobacteria |1 ,a-Proteobacteria & ¢ F 3% ¥ IV

7, H k& B Proteobacteria , SR )5 & &5 Proteobacte-

ria 5 Zhang % W5 45 RN — B0, 6 LW 5T 45 R

H, 8 Proteobacteria 5% Proteobacteria |1 F 8 JE it

e ARSI 1T 5 33K AT RE 2 PR Ay T 3 BB ) A 9 DX B — A

Ho A2 B KRR AE A R 2R 22 R, R AN 1Y

eV 2H Bt A — A0 AR 3 B 1T AN A TR

RDA 43 #7 % ¥ o= Proteobacteria 3% 52 pH {H SOC H)

2, Acidobacteria 5 SOC g 25 #H 5 , 158 B %L b b £k B

WHGE T R BT BT, 2 T SN T Y R R 4H

e ABEFEFRI SOC F1 TN Sz 058 DX I8l 5 i -+ 3 4

DRI RS Z MR 1 S ZE A P o R 2%, B b v

AEW] B BU% T S AN R TS A

S 30k

[1] Simon J, Dannenmann M, Pena R, et al. Nitrogen nutrition
of beech forests in a changing climate; importance of plant-
soil-microbe water, carbon, and nitrogen interactions [ ] .
Plant and Soil, 2017,418(1/2) :89-114.

[2] Chen Z, Wei K, Chen L, et al. Effects of the consecu-
tive cultivation and periodic residue incorporation of Ba-
cillus thuringiensis (Bt) cotton on soil microbe-mediated
enzymatic properties [ J]. Agriculture, Ecosystems &
Environment, 2017,239:154-160.

[3] Hartmann M, Frey B, Mayer J, et al. Distinct soil microbial
diversity under long-term organic and conventional farming
[J]. Isme Journal, 2015,9(5).:1177-1194.

[4] Carini P, Marsden P J, Leff ] W, et al. Relic DNA is
abundant in soil and obscures estimates of soil microbial
diversity[J]. Nature Microbiology, 2017,2(3):16242.

[5] Maestre F T, Delgado-Baquerizo M, Jeffries T C, et al.
Increasing aridity reduces soil microbial diversity and abun-
dance in global drylands[J]. Proceedings of the National
Academy of Sciences, 2015,112(51) :15684-15689.

[6] Tedersoo L. Correspondence: Analytical flaws in a con-
tinental-scale forest soil microbial diversity study[]].

Nature Communications, 2017,8:15572.



52

/N P S O/ T

%25 %

7]

[8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

Zhalnina K, Dias R, de Quadros P D, et al. Soil pH de-
termines microbial diversity and composition in the park
grass experiment[ J ]. Microbial Ecology, 2015,69(2);
395-406.
Lange M, Eisenhauer N, Sierra C A, et al. Plant diver-
sity increases soil microbial activity and soil carbon stor-
age[J]. Nature Communications, 2015,6:6707.
Leff ] W, Jones S E, Prober S M, et al. Consistent re-
sponses of soil microbial communities to elevated nutri-
ent inputs in grasslands across the globe[J]. Proceed-
ings of the National Academy of Sciences, 2015, 112
(35):10967-10972.
EER, T AR RIE S NPEIC R HOb B TR X
AT AR B K A AROCR B9 B L 1. BRI RL A4, 2008, 25
(10) :15-19.
AN, RT BME. N VUL 0l R ) AR A A VR 4
g K A e ok i B T s g Rz [T 0. AR AR AR, 2008,
28(11):5286-5293.
XA F5 5 5K 2 AL W A 1] 94 It R S8 B ) 4 3 BT R
f s L) ] 1l 2 31 . 2006, 24 (3) 1 357-365
B L HL IR A AT LML AU Bha i e, 2006
Steinauer K, Tilman D, Wragg P D, et al. Plant di-
versity effects on soil microbial functions and enzymes
are stronger than warming in a grassland experiment
[JJ. Ecology. 2015,96(1):99-112
Tardy V. Spor A, Mathieu O, et al. Shifts in microbi-
al diversity through land use intensity as drivers of car-
bon mineralization in soil[J]. Soil Biology and Bio-
chemistry, 2015,90:204-213.
McDaniel M D, Tiemann L K, Grandy A S. Does agri-
cultural crop diversity enhance soil microbial biomass
and organic matter dynamics? A meta-analysis [ J].
Ecological Applications, 2014,24(3) :560-570.
Chu H, Sun H, Tripathi B M, et al. Bacterial commu-
nity dissimilarity between the surface and subsurface
soils equals horizontal differences over several kilome-
ters in the western Tibetan Plateau[]J]. Environmental
Microbiology, 2016,18(5):1523-1533.
Yuan Y, Si G, Wang J, et al. Bacterial community in
alpine grasslands along an altitudinal gradient on the
Tibetan Plateau [ J ].
2014,87(1):121-132.
Zhang X F, Zhao L, Xu SJ, et al. Soil moisture effect

Fems Microbiology Ecology,

on bacterial and fungal community in Beilu River

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(Tibetan Plateau) permafrost soils with different vege-
tation types [ J]. Journal of Applied Microbiology,
2013,114(4):1054-1065.

Yergeau E, Hogues H, Whyte L. G, et al. The func-
tional potential of high Arctic permafrost revealed by
metagenomic sequencing, qPCR and microarray analy-
ses[J]. Isme Journal, 2010,4(9):1206.

Zhalnina K, Dias R, de Quadros P D, et al. Soil pH
determines microbial diversity and composition in the
park grass experiment[ J]. Microbial Ecology, 2015,69
(2):395-406.

Wang ] T, Cao P, Hu H W, et al. Altitudinal distri-
bution patterns of soil bacterial and archaeal communi-
ties along Mt. Shegyla on the Tibetan Plateau[ J]. Mi-
crobial Ecology, 2015,69(1):135-145.

Jeanbille M, Buée M, Bach C, et al. Soil parameters
drive the structure, diversity and metabolic potentials
of the bacterial communities across temperate beech
forest soil sequences[ J]. Microbial Ecology, 2016, 71
(2):482-493.

Rousk J, B, Brookes P C, et al. Soil bacterial and fun-
gal communities across a pHgradient in an arable soil
[J]. Isme Journal, 2010,4(10):1340

Fierer N, Jackson R B. The diversity and biogeogra-
phy of soil bacterial communities[ J]. Proceedings of
the National Academy of Sciences of the United States
of America, 2006,103(3):626-631.

Shen C, Xiong J, Zhang H, et al. Soil pH drives the
spatial distribution of bacterial communities along ele-
vation on Changbai Mountain[ J]. Soil Biology and Bio-
chemistry, 2013,57:204-211.

Leff ] W, Jones S E, Prober S M, et al. Consistent
responses of soil microbial communities to elevated nu-
trient inputs in grasslands across the globe[ J]. Pro-
ceedings of the National Academy of Sciences, 2015,
112(35):10967-10972.

Ansola G, Arroyo P, de Miera L. E S. Characterisation
of the soil bacterial community structure and composi-
tion of natural and constructed wetlands[ J]. Science of
the Total Environment, 2014,473:63-71.

Gao Y, Wang J, Guo S, et al. Effects of salinization
and crude oil contamination on soil bacterial community
structure in the Yellow River Delta region, Chinal]].

Applied Soil Ecology, 2015,86:165-173.



