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Table 1 Basic information of the plots under study

it REVE A [6%2 bR AP Fh el w5

Plot Community type Altitude (m) Geographical position Dominant species Coverage (%)

YH PN SN 1 045 40°19.096' N, 109°59.557' E iliE drtemisia ordosica 80

Natural shrubbery
NT N TN 1043 40°19.243’' N, 109°59. 684’ E a5 L Caragana intermedia 65
Artificial shrubbery
LS sl 1041 40°19.232' N, 109°59.499' E H b Artemisia sphaerocephala 10
Moving sand
F2 AR IEAERIBNER
Table 2 Physico-chemical properties of the soils in the plots
i AU ) A A AR i S0/ s
D 25 20k L -
5 Organic Readily Readily Readily Soil water
Total N Total P Total K pH
Sample  matter » . » available N available P available K content
. (mgkg™) (mg kg™ ) (gkg") B . .

code (gkg") (mgkg™) (mg kg™ ) (mg kg™ ) (%)

YH_R 528 +0.10a 331.80+8.22a 328.60+9.70a 22.35+4.08a 70.20+5.93a 2.79+0.15a 318.50+8.30a 7.81 +0.12b 3.82+0.17a

YH S 2.71+0.11c 243.10+11.39b 280.50 + 18.10b 22.10 +3.18a
NT_R 4.73+0.19b 260.50 +7.48b 260.10 +7.56b 22.94 + 6.42a
NT_S 2.34+0.16d 202.00 £ 12.70c 280.20 + 8.66b 23.05 +3.95a

LS 0.17+0.09¢ 62.30+11.11d 259.10 + 12.37b 21.59 +3.27a

59.30+7.21ab 1.60+0.27¢ 119.50+9.58d 8.11 +0.09a 2.68 +0.22b

63.50£6.79ab 1.27+0.09d 192.00 +6.30b 7.57 +0.20b 2.84 +0.18b

5320+4.37b 1.31£0.12¢d 150.00 + 12.26¢ 7.74 +0.12b 2.36 +0.17¢

40.00£4.19¢ 2.32+0.18b 56.25+6.52¢ 7.75+0.13b 2.10 +0.04c

H: RV EAR/NG FRERRZEFEE (p<0.05) Note: Different lowercase letters in the same column indicate significant

difference at 0.05 level

(GACTACHVGGGTATCTAATCC ) , 4734 &%
B 94 CHZZPES min, 94 C7ZEME30 s, 45 CiBk
20 s, 65 CHEMI30 s, SAEH; 94 CHEMHI20 s,
55 CiE k20 s, 72 CHEH30 s, 20 1EFF, dE—
AR H VB I lumina ) 57 42 3k FARZE 51 914, R
FHA: T3 BEAE MG & (cat: SK8131) XFDNA
FEAT I [T M) FH Qubit2. 0 &, AR I 45
MIDNAMREE , K B A7 B S 3 B - 10 LU R A7 TR
A, ZIREFES T HF RS MMy, g & i
LR

16S rRNA V3-V4X &iE &7 : 16S rRNAKE
HPCRF=Y) iR A: T AW T AR AR IR 55 A BR 2
FSE RN, WA A T lumina 23 B Miseq, )7
REY A %Fﬁprinseqﬁiﬁlﬁ‘readsl . reads2 1% 3%
HEAT A, WP EAR A S, DAY S S 2 8 Rl
A A il Flash BFRLG BOR P, I L
— %75 o KM prinseq A XS 2 HE S AT L5 19
FEol . B, RE BRI TERA

1.4 HBESH

ia Huclust XX SR T RS, T 51 A L
FEN0.97, FAERPITHIN AT REEIE TR . K
FHAERDP classifieriZB iR 025 . R FHmothurfX
PF 4T Alpha Z2 #6053 T FAY EEvenn & .

K FHSPSS 18.0%F + 58 B AV B8 47 J7 22 43
r. ZE LR, FHRIES A% 2 815
Wi, 18 FH Canoco® 143 B BRBE A X (26 W A s 245
FA 1500
2 45 B
AR Wk 8 R EIRBR 5 FE AR PR 1R 40 B AF
EEMEES SN
WX V3-VADI T, A4 1l A SR i R4S
ARITHIS5T 31455, PR K427 bp, WP HE &
FERYH_R., NT_RFESFE6S% ~ 68%, HAbKE: N
FORIFET8 %L Lo ET LIS AE9T % AR ALl BE T

2.1
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WE3FR, ChaoldEEL. Shannond§EH = 2]
R F % . YH_R>NT_R>YH_S>NT_S >
LS, Chaol #88/E & kE M A 22 55 B %, Shannon#§
B R R B K A AR bR . JEAR PR 1R JC B
FHRR ACEFR B m 2R HES 45 5 . YH_
R>NT_R>NT_S>YH_S>LS, &rEHE 275

%, LA, LSHChaolE%. Shannonts ZUAl
ACEFRE N Ak, B EFMTHAF M, YH_RWY
Chao lFE A MIACEFR BN B &, NT_RIKZ . YH_
R5NT_R. YH_S5NT_SHJShannonf& 5T i % 2%
So SERERW, SRV REA L, PR E K E 2
RSN ARV F I . SRRy A B B Y
Jin, o, I AR PR AN R R R A
Er TR JLRES , fEAEMRES B3, AP RE
VBRI E & T RS L, AR S
JE I v (R ER XS L s o AEAN B REVE 2Rk
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Table 3 Diversity and richness of soil bacteria in soil sample

FEHLS S Chao l#5%K ACESE% Shannont& 4 R
Sample code Chaol index ACE index Shannon index Coverage
YH_R 15 184.029 4 +322.210 4a 29 343.816 9 +309.443 0Oa 7.428 7+0.074 2a 0.654 6
YH_S 11 768.222 6 + 171.255 8¢ 17 277.546 7 +321.168 4d 7.0345+0.091 5b 0.820 7
NT_R 14 620.305 1 +226.957 3b 26 789.705 5 + 448.763 2h 7.382 2 +0.071 0a 0.680 2
NT_S 10 116.753 8 +210.232 0d 18 216.531 0 +215.610 8¢ 6.938 3 +0.083 9b 0.788 9

LS 6 238.083 3 £228.913 Se 9968.956 8 + 103.326 Oe 5.080 4 +0.132 6¢ 0.797 5

e WA R ANRNG FREFROR E R B (p<0.05) Note: Different lowercase letters in the same column indicate significant

difference at 0.05 level

22 FWMEERE LBIRRSIERRTIBEMEE

BERIHE X1

R oy BT A TRV AE b+ e AN B BE IS AL 22 5, DA
KREHD A BERE T A B OTURCNARYE ., Fmothurik
AT 45 0 1, - 98 240 A1 D R 1 SRR PR R AT AR AT
FE T RE CE1) o AR H 4 38 41 7 Fh 2
ZHMEMMHERRE, £ RS IEAOTU
FEAY M 10.6% ~ 14.5% , 5 FhoA 90K 52 25 %0 + 38
AT H R 79.7% ~ 84.4% O UTHELS 4 3 rh 3%
A S BT R B 5 28T - R SR M
KIMYH_RA 66%MOTULE HAEE 5 op A 13,
NT_R3X —#{f }63.6%, YH_S. NT_Six —%¥k{i4
WH54.3% . 57.2%. [Al—FREBEEAIN, YH_R,
NT_RZF 94 68.6% . 66.8%1OTU 5 H ALK i 113
oK o AR X SO BT, A5 b - 98 20 TR B o 22
FEVE 22 5 LU AT I, DU R P R A Ik A2 SIS 8 - U
A B R AR S D X I 25 O I . A

B VR 52 25 RURR B R AR B (] - HE 40 TR B A Y OTU A
AR RE, (HERRI Y25 W3, Hf,
RS HIEA R 2L 5 HAB IR 22 S W W . 45 2R K
WA IR S 5, R T TR P Y 2 A ] e
JCHEAR PR -8 AR B 1 52 2 BUAR B AR AR B
(] - e P B A A — o RO AL, EER R 22
L ATE
2.3 EMIER RS KBIRPR 5 IE R PR T IE 0 B 2 RE
FENT 2K b, &M A0 T 259
ANEBE (MM EES>1%) , Al 2B ET]
( Proteobacteria ) . A& ( Acidobacteria ) .
T H ] (Actinobacteria) . FFHE ] ( Bacteroi-
detes) . ZFHINE ] ( Gemmatimonadetes ) . 7%
W] (Planctomycetes ) . JEth# ] ( Verrucomi-
crobia) . JBEREW ] ( Firmicutes ) . S5 5[]
( Chloroflexi) , (5452188.67% ~94.19% ., if+
BHHALIRBERE 1] ( Nitrospirae ) . E%EITTM7

http: //pedologica. issas. ac. cn



34

R A48 Tt e 1) PRI AR PR O S AR AR s 1 S 200 7 2 R TS 739

F1l S A OTUs venn &l

Fig. 1 OTUs venn of soil bacteria in the soil samples from different plots

e NT_R: ®PHEXSILRER; NT_S: HESJLIERER; YH_R: MERR; YH_S: MEERRE; LS: Wb ®, FHE. K
PR RS EEAR T AJOTUSL I Note: NT_R: Rhizosphere soil of Caragana intermedia; NT_S: Non-rhizosphere soil of Caragana

intermedia; YH_R: Rhizosphere soil of Artemisia ordosica; YH_S: Non-rhizosphere soil of Artemisia ordosica; LS: Untreated sandy

land. The same as below. The number in each figure is the OTU amount in different samples

( Candidate division TM7 ) |, 3E17OD1 ( Candidate G, MXTEERME (M FEE<1%) (K2) . It
division OD1) | 2HE ] (Armatimonadetes ) . A, BRESTIE A 3.96% ~ 8.19% M, HKIE B i
KJFARTT ( Chlamydiae ) . #¢H 1] ( Chlorobi) AT TR R A BT A R T T

FHXF 3 Relative abundance (%)
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m unclassified
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m Verrucomicrobia
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YH R YH. S NT R NT S LS
FEHE Plot
(12 A5 20 PR RV A T T KT (9 2 RN A X = )

Fig. 2 Composition at the phylum level and relative abundance of the bacterial communities in the soil samples from different plots
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60 a-Z5JE B Alphaproteobacteria
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| l
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Distribution of proteobacterial subgroups (%)
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FEHE Plot
K3 2 A TR AT o LA
Fig. 3 Proportions of proteobacteria subgroups in the soil

samples from different plots
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MWK, FRAT TR 238 A0, o a4 e L
IR AR T RATE AR, Hoams
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PG, XS EAI42.07% . 13.5% . 23.94%F1
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Gp6 ZNT_RIYILH A (K4) o fEAFF L
BErhia s~ EEAAERESANE, MARH
5 wAG Y E YR AR B Sphingomonas |
Sphingosinicellafr i AR 1 18 rpr i 2 i T HALFE
M, VDR B A AR . HkoT R E A
KW Porphyrobacter, TEilE M PR i 3w T A
FEMLL. 645 222 8565, % Jm AT FEARA HLTS B2 . b
JB T Z M E ) Chondromyces . PhaselicystisTr il
MRBR B, AR LR BRIk Z, b Xf B
B, RAMEBA AN (4% . L
TR, JRSE) EET); Gp6. Gpd. SBELSIAHC
ZF MRS ( Gemmatimonas ) | W& BEFE AR 2T
Yt K W Ktedonobacter & T HF7E H ] 3 X L v AH
XA, ME R IRZ, WX e A
Wikl i & ( Hydrogenophaga ) 1EU 0% I + 3 v
AEXT B B S T AR A o 8 A TR T R R 2
FA LIS ey, JUH XS 5 I 2505 e W A AR G 1)
fEVER, (BRI BROK LG Y RE 155, BEE R B IR
KW, Escherichia, Enterococcus—#%
AR e TP O TE , DX AL (1.86%
F10.16% ) BIFEBE IR )55 00 K o AR 4 £ (B 4
Wr, Pseudomonas .
Sphingomonas . Hydrogenophaga®s Wi J& 1E A8 # Pk
R ERR N, FEERMERE, FHmok
TREECHIIR

AP 258 & &k W] — 2 B B A D e
B, TEWFFE XA [R) R b 4 458 v [ 2040 TR RV AN [
sl b EE LRI S ( Pseudomonas )
WiAFE ( Thiobacillus ) . [HAF)& ( Azotobacter )
SRR (Bacillus) J&2; il R R g rp A R

Gp6. Gp4. Gemmatimonas .
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Fig. 4 Composition at genus level and relative abundance of the bacteria communities in the soil samples from different plots
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Table 4 Correlation matrix between soil quality factors
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Fig. 5 Cononical correspondence analysis ( CCA ) of sampling

sites, soil factors and bacterial community
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Soil Bacteria Diversity in Rhizosphere under Two Types of Vegetation
Restoration Based on High Throughput Sequencing

DAI Yating"" > YAN Zhijian' XIE Jihong' WU Hongxin' XU Linbo' HOU Xiangyang' >
GAO Li"* CUI Yanwei'
(1 Grassland Research Institute, Chinese Academy of Agricultural Sciences, Huhhot 010010, China )

(2 Key Laboratory of Grassland Ecology and Restovation, Ministry of Agriculture, Huhhot 010010, China )

Abstract  [Objectivel Artemisia ordosica and Caragana intermedia are the two widely-distributed
and efficient sand-fixing shrubs in the Hobq Desert that have received considerable attention because of
the roles they may play in the vegetation restoration. Soil bacteria diversity is an important indicator of the
state of soil microbial communities and one indicating progress of ecological restoration. This project is
oriented to study changes in community structure and diversity of soil bacteria in the process of vegetation
and ecological restoration in the Hobq Desert relative to type of vegetation. [Method] In this study, two
types of vegetations, naturally restored Artemisia ordosica and artificially planted Caragana intermedia,
were chosen for comparison to see effects of the vegetations on community structure and diversity of soil
bacteria with a tract of moving sand land as control. The sample plots were set up in 1995 and soil samples
were collected from the rhizospheres of 4. ordosica and C. intermedia and bulk soil in the 0 ~ 20 cm soil layer
and CK in August 2014 for analysis of soil bacteria diversity using the high throughput sequencing method.
And relationship between soil bacterial diversity and soil physic-chemical properties, and the effect of soil
physical and chemical properties on distribution of bacterial community were also studied through canonical
correlation analysis and cononical correspondence analysis. [Result] (1) Chaol index, Shannon index
and ACE index are important indicators of soil bacterial diversity and richness. In terms of Chaol index and
Shannon index, the sample plots displayed an order of rhizosphere soil of A. ordosica > rhizosphere soil of
C. intermedia > non-rhizosphere soil of 4. ordosica > non-rhizosphere soil of C. intermedia > soil of CK,
while in terms of ACE index, they followed another order: rhizosphere soil of A. ordosica > rhizosphere
soil of C. intermedia > non-rhizosphere soil of C. intermedia > non-rhizosphere soil of A. ordosica > soil
of CK. (2) Classification at the phylum level shows the bacterial communities in the samples were mainly
composed of Proteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, Gemmatimonadetes,
Planctomycetes, Verrucomicrobia, Firmicutes and Chloroflexi, accounting for 88.67% ~ 94.19%.
Proteobacteria, Acidobacteria and Actinobacteria were the dominant bacterial groups in the samples, and
Proteobacteria was the highest in abundance. The four subgroups under Proteobacteria followed a similar
trend in variation. Relative abundance of a-proteobacteria in the rhizosphere and bulk soils under either
vegetation exhibited a sharply rising trend, increasing in the rhizosphere of A. ordosica and C. intermedia
increased by 106.46% and 70.60% respectively. ( 3) Soil organic matter, total N, total K, readily available
N, readily available K, and soil water are the main soil factors affecting abundance and diversity of soil
bacteria communities. Correlation analysis of soil physic-chemical properties with relative abundance of
dominant soil bacteria groups shows that the abundance of Proteobacteria was significantly related to soil
organic matter, total N, readily available N, readily available P, and readily available K, while the

abundance of Acidobacteria was to soil organic matter, total N, readily available N, readily available P and
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readily available K. Intrestingly, the abundance of Actinobacteria was not so much related to soil factors.
Cononical correspondence analysis indicates that soil organic matter, total N, total K, readily available
K and readily available N play an important role in triggering variation of genetic diversity of the bacterial
communities in the soils. [Conclusion] Results show that compared to moving sand land, the two tracts of
lands with vegetation restored have demonstrated positive effects on community structure and diversity of soil
bacteria, whose abundance, diversity and evenness have been significantlt improved. Between the two types
of vegetation restoration, the naturally restored A. ordosica vegetation was higher than the artificially plated C.
intermedia vegetation in effect increasing abundance of soil bacterial community. Bacterial community in the
untreated soil is quite simple in structure. The restoration of vegetation enriches soil microbial groups, making
the community of soil bacteria diversified in the rhizosphere and non-rhizosphere soils. Relative abundance of
a-proteobacteria under the vegetation of A. ordosica and C. intermedia significantly increased, especially
under the vegetation of A. ordosica.

Key words Rhizosphere soil; Bacterial community diversity; High throughput sequencing
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