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Abstract

Aims  Vegetation in Inner Mongolia grassland has changed due to overgrazing and climate change. Our objective
was to explore the effects of plant species on soil microbial communities in an Inner Mongolia grassland to
understand the ecological consequences of vegetation changes in this region.

Methods We investigated the sizes and community structures of bacteria and fungi in the rhizosphere and
non-rhizosphere soils of several typical plant species in a degradation-restoration site in Xilin Gol Grassland using
real-time PCR and terminal restriction fragment length polymorphism (T-RFLP) analysis.

Important findings Different plant species have significant effects on the sizes of bacterial communities in both
rhizosphere and non-rhizosphere soils and size of fungal communities in rhizosphere soil. The abundances of bac-
teria and fungi in the rhizosphere soil were generally higher than those in non-rhizosphere soils, particularly for
fungi. Multi-response permutation procedures and principal component analysis of T-RFLP data showed sig-
nificant differences of the bacterial and fungal community structure between rhizosphere and non-rhizosphere
soil for most species, and the fungal community structures of all samples can be divided into the rhizosphere
and non-rhizosphere soils. In addition, the community structure clustered by plant species is more evident for
bacteria. These results revealed important effects of plant species on microbial community composition as well
as significant differences of microbial community between rhizosphere and non-rhizosphere soils. Findings are
helpful for understanding plants-soil-microbe interactions and mechanisms involved in the Inner Mongolia
grassland region.

Key words plant-microbe interaction, real time-PCR, rhizosphere microorganisms, terminal restriction fragment
length polymorphism analysis
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(IS0 o BEAL, AT S U M FR A Ak R W B e R b
B TR PII sEm, ARE TR PR
FEHLRAE, B T8 WIS JUMORARHED S, BT
IR AL Hi ) S 7R Fh v & (Fringed sagebrush), 7347
T AR PR B A ) R A EAR s ok A= P 1 B
FBERE AL %, VAR CL R RRFE I (DA FRA D)
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11 #HEbR SHEmEE
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RRWURIF 5 3ty 1t Ak P 5 ol v SR R TRTV , 1i e
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FRSAR. HTR2A BE R Hu TS Hb
FAK 5 R 7K A AAE AR S5 R 2R 1 AL A2, B
BT AL S ) bR, 2 Vb LAk R .
%M IX 6 5 2 R 30-45 em, A7 ML B 2.0%—
4.0%. YK AT MY R 5 b 1 AR S S R R
1E, PRI oy DL AR SRR T, B gy
fife ) V2 1 =F i (Leymus chinensis) i 7% F1 K 155
(Stipa grandis) #f ¥ . K £ Hb X A7 T 116°40'30"-
116°41'10" E, 43°37'40"-43°37'50" N, ¥#F#k1 186 m
(PEARA-V A, 2T 19834F EAT Fl 3, 1A
900 m x 300 m, FHIEfAFRM T, Al IR AR
LT 201148 H, TaJRR L 1 K BEALE & 34 RAFE X AF
HB3ANTER . AEREASRAE X A6 ML Pl (R AR
AW br L3, PR dEE R ORE P KR
(Agropyron cristatum). PE{/1AI P 5 (Achnatherum
sibiricum). ¥ B& 7 5 (Cleistogenes squarrosa) fl1v4
o TEREEREIMNE, T 9D AR R T,
BAT LR — P 22 BRAE AR SR A2 AR K i 7 E 9 X
FE S, BURETIIARZ)30 cm x 30 cmo /NOHLEHEHR
S R AR 2R 2 TRl ) 38, WOARAE A AR b 3.
INTB R 4 PRI B A AR R b 0 i - S AR e b
TAEAMER T SRS AR B IR EAR B s
i1 mmffi, T-20 CORAFLAESEIDNA,
1.2 DNARJIRER 5 oA B8 & 4% &2 [ (real-time
PCR)

T EY) EIDNAK I Fast DNA® SPIN Kit
for Soil (MP Biomedi-cals, USA)IRF &2, HAk
A B IR AR G B AT .



a1 1R K FH B4 75: (Tagman  probe) i3t 4T real-time
PCR. PCRY™ MG, ¢ 7 1 2¢ D6 484 4 TM1389F
(5'-CTTGTACACACCGCCCGTC-3"), Z K4 N —
SRR, 5 A il — AR 5 98O0 3 B FAM
(6-carboxy-fluorescein), 3'¥iij b it — /N ¥4 K 9% )t It
4] TAMRA (6-carboxy-tetra-menthylrhodamine), 7|
¥k 1369F (5'-CGGTGAATACGTTCCCGG-3") Al
1492R (5'-ACGGCTACCTTGTTACGACT-3’), PCR
VAR AR H Premix Ex-Tagq™ (TaKaRa), PCR %
A 494 CTAEYE2 min; 94 “CAEPELS s, 56 “CiB K
1 min, 72 “C#EfH1 min, 40 MG

R 2% Y k5 N7E(SYBR  green) 34T
real-time PCR. fEPCR MW AR Z 1, I i&E & 1
SYBR % )t 4+ ¥}, PCRi 7% SYBR® Premix Ex-
Taq™ (TaKaRa), 5|4 ANSI (5-GTAGTCATATGC-
TTGTCC-3") #il Fung (5'-CATTCCCCGTTACCCGT-
TG-3"). Real-time PCR X W FE/F 494 C Az #E2
min; 94 ‘CAEE30 s, 55 ‘CiE k30 s, 72 ‘CLEfH1 min,
4OMIEHR, N T 971k N B 5 1) SR AR e A
SRR ZE, HAEIES3 CIIERILE 5.

Pt I SE I 585058 B4 AR5 hiQ5  (Bio-rad,
Hercules, USA), VL3 A AH I J PRI ) T0RE by A UE i
3K 4% b ok i 22, FURL (f DNA Y J i1 Nanodrop”
ND-1000 UV-Vis
Technologies, Wilmington, USA)ll 3E .

1.3 FKimPRHIM R BAKE 2 S5 H#7(T-RFLP)

K@M 51 ¥27F (5'-AGAGTTTGATCMTG-
GCTCAG-3") M1 519R (5-ATTACCGCGGCTGCTG-
G-3)4 4 41 16S tDNAF B, L 5#)27F 5" 5
T76-FAMZEthRt » ¥ 3K Hi#: 9% PCR (touch- down
PCR)HEAT, M MAKZR25 uL, f05: 10 x PCR buffer
(¥rMg*") 2.5 uL; dNTP 2 uL; BSA 0.75 uL; 514(10
umol-L )#%0.5 uL; Ex-Taql#(TaKaRa) 0.2 pL; HiHR
2 uL; In/KAME25 uL. TD-PCR W 46 1F: 94 °C 1Az
P£3 min; 96 ‘CAEME30 s; 55 ‘CiE-K30 s; B FR#
0.5 'C, HEIS0 C, RAUREIEIR2IK, 72 ‘CHEM45
s; TEIR10IK, RJ5E96 CAPE30 s; 50 ‘CIR K30 s; 72
CIEA45 s; HEAT25AMIEER, 72 “CLEH10 min. #71
45005, PCRy™ 4 H R il ¥ A D15 Hhal M1 Haelll 7]
N BEATEEY) . WD) 4K 220 uL: ddH,0 6 pL; M-buffer
2 pL; Hhal#Haelll %1 pL; PCR™“#10 uL. 37 ‘Cii
H3he

Spectrophotometer (NanoDrop
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X i 1 51 ¥ ITSIF  (5-CTTGGTCATTT-
AGAGGAAGTAA-3)HIITS4 (5-TCCTCCGCTTAT-
TGATATGC-3")J Hi ELIEHITSIX A B, Hrp 51 41TS4
() 5" 5 17 6-FAM % Y6 bRic « 3741 K Fl TD-PCRIEAT,
NNAKZ AN # . TD-PCRY 45 W5, PCR ) H
B P Py D) B HinfT 2k 47 B V), B D) /& 220 ulL:
ddH,0 7 pL; M-buffer 2 pL; Hinfl 1 uL; PCR;=#10
uL. 37 CiLH3 he

H4 b3 40 TR FH IR 1Y) D) 77 %) B Easy  Pure
PCR Purification Kit (Trans Gen)if#| & dE4T40l1k,
EARUHE FRIE A7 AT SE R A A . 7
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TED R AR B, JF DL B 31 TMRPP 2
i) 187 B 4 o 2 AT RTPC A 3 850 40 #T
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AR 22 0 B e R A, 8 43 A1 H SigmaPlot
10.0 75 &l o 9% 9% % 8 PCRIf) 45 3 15 4 K ] SAS
Version 8.0 (SAS Institute, Cary, USA)BEAT XA 277
2T (two-way ANOVA), 4R 5K HSPSS 11.58k 44
HEAT FLRI 3R 7 72 53 W (one-way  ANOVA, Duncanfi
k&8N EREENE (p < 0.05), HExcel
20071E K.
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BRI ZE T 2200 M. AU R AR I PR R 3 5 2 e b
W T AR B 5 AR B B 3 2 (W LU Hh, XK
ZHAHPIFIR UL, HR BRI B A K T AR bR 1
5, X A Lo al RARLLOE E 954, 2001;
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Table 1 Effects of plant species and rhizosphere environment on numbers of bacteria and fungi

TAEHIZEIE Microbial group Ap kY5 Source of variation df F p
ZT# Bacteria YiFl Species 5 2.16 0.095 7
HFRIAEE Rhizosphere environment 1 11.89 0.002 3
YA R L Species x rhizosphere environment 5 2.55 0.057 4
FLIA Fungi YiFh Species 5 2.46 0.064 7
MEFR¥3% Rhizosphere environment 1 136.02 <0.000 1
PyFP<FRFRIFEE Species x rhizosphere environment 5 0.50 0.7713
9.8
A
s 97 AB
37 AB I AB
Q
22 96 T L ; T .
R : . T B
5 %95
e} 72}
g2 ab
g
oW 2 T
@93
“
Y
9.1
FH INIE T VKHL [ ERRINIARES SR A
Leymus Stipa Agropyron Achnatherum Cleistogenes Fringed
chinensis grandis cristatum sibiricum squarrosa Sagebrush

B RBF+E Rhizosphere soil

3 FEtRFR+t Non-rhizosphere soil

BEL A FAE R B AN AR B 0 P 4 G RO CP AR E IR ZE ) o A BRI AN AT AR B - 8 18] 22 57 15 2 (p < 0.05);

a~ bRISAN AT ARAR B 8 0] 22 57 2.2 (p < 0.05).

Fig. 1 Numbers of bacteria in rhizosphere and non-rhizosphere soils of different plant species (mean = SE). A and B indicate sig-
nificant difference among rhizosphere soils of different species (p < 0.05); a and b indicate significant difference among

non-rhizosphere soils of different species (p < 0.05).

Mt E AN [ AL ot 0 8 50 1 2 T AN ) PR AE AR X
RE& FRUNOAR BRI, AH AR PR R ERR PR+
BRI A DX o A TR, A REHERR ARRR PR L3R AR
AT AT RES MR R A A 5% X 50K &5 2200 Wt
H Tl ot 41 e R R A B A R ANTR], AL
ORI GE vl 7 VR4S a6 Rn] Be A7 48— & 1 2% 57,
DL, R AE SR 22 B 2 98T B 56 41 . SR
Ff bt &5 AR R A AT

FARE )P LR EE S 1R AR B 40 7 40 IR A,
X2 AT 5T ah R — B(FRAAE, 2012). BUR
KEZFWITCN A, HRFR T LU sk 2k ol LLAE A 1)
WIS, MR A AR K (ARt TR,
AR 2R 43 WA mT et 4 1 A 40 7E FH (Muarry et
al., 1996; P4, 2010). KEFFAR R L HE b 41 i3 &
RS SRR WA K, AR
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WA D TRERR T 5 AN, MR A AT
XA DRI, 3K P oA A R o 440 1 (1 B A1 T
AE-5 AU A R /D T B AR 20 v P R A 5t v ) 5
T EBURA K,

FUR BRI N 37 2 A A R LRI 2. 5 4
FRATHBL, 8 AR W ot s - 8 o 1) 3 e B
ey TARMR B 3%, 2 mik 10045 . X —J7 A e
TR R W& A KERAHER, 2R b 155
FIpHLE AR B - S AR(ERAK D7 A BT A, 1998), M
1117 A 38 Y R R A B 0 R R 2 () AR,
2008). T34k, FHER KT TN TR, I
U AT T A0 R 2R A0 L ) ) LR TR AR B
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Fig. 2 Numbers of fungi in rhizosphere and non-rhizosphere soils of different plant species (mean + SE). A and B indicate signifi-
cant difference among rhizosphere soils of different species (p < 0.05).
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Table 2 Multi-response permutation procedures analysis of bacteria and fungi community structure in rhizosphere and
non-rhizosphere soils of different species
AR IreH ME TiyHE T A p
Microbial group Group Observed value Expected value
i) [ TRSE| & RIS 0.457 0.500 -5.014  0.086  <0.001
Bacteria Rhizosphere and non-rhizosphere
TR FAR b - 0.233 0.500 -5518  0.533  <0.001
Rhizosphere soils of different species
ANE R AR B 415 0.284 0.500 -4250 0430  <0.001
Non-rhizosphere soils of different species
i=4:) HE B3 5 AEAR bR 0.405 0.500 -10.832  0.190  <0.001
Fungi Rhizosphere and non-rhizosphere
AR YT by A 458 0.307 0.500 -4.341 0385  <0.001
Rhizosphere soils of different species
AN FE P AR By 14 0.268 0.500 4969  0.462  <0.001

Non-rhizosphere soils of different species

A, —BEGHE T, RIS A
A, agreement statistic; T, test statistic.

e KE . SRR, 5 1 5 i I A
T B, X5 AR ST T 4 TR S
A B K ZERE, o IR B B 1 70%—
90% LA — B (B L BESE, 2009) . A [A]FE ) %) #
B B0 BT 1) 50 A S 5 e, T 0T AR s R A
(5 AN T 3 o X 0] Be A2 RO 5 FLRR AR LG, 401 2
S R H Gy 4 58U N5y T B n il & o0 i, Jf H
A G RN, Gy, T A [F A 4
e B M R DL R B L BB T X ek,
i b 4 4
22 REMEMAIERRNEDBF ZLEMAT-
RFLP

T-RFLPJE U 284k g )2 N H T L3385 k1)

W ) — oy FAEY AR, RAES . R
TR . MERF PRI AE A A (Kent et al., 2003; Li et al.,
2007). T-RFLP&S 57 A8 (1) 5 1 LSO, 3835 n) &
B GRS AR AT SR G b . LT e
HT (PCA) 72 B H H %) — b J7 % (Dollhopf et al.,
2001). fif 2 M Y B 48 2 53 B 5 15 (MRPP) I 2647
et iz N T AESEHESTH (Zimmerman et al.,
1985; Brosofske et al., 2001; Stallins, 2002). A
X RITVES AR, SRR I AN AR g
A P AN EL B T T-RELP R EAT 347 o AAFEST P />
B T PCR ™)k B AR A 19 204 28, i
TANFERGR I PCRI= ) M AFAE— 8 2257, ACHH
A 7o dit 2R AR
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FEAE S A2 AR B R AR AR B B3 de P oy 20 )
ATMRPP 3 T (32), &5 LW, 40 B R B 1R IR HE
SERIAEARR BRI AEAR B 2 (A1 40 2 S e 3, 1T HAR B+
R EAR e o 40 TR0 B (R BV S A AEAS R P R 2
B 22 el W o JUIL LB TR 45 ) (e AR B AT EAR
B 1) 1) 22 e B M 5 M, LR A 4L ) 43 9 2 B 1A e
B/ N o FEANERIIAT A 22 5 b, I AN T TR AR B 1
HA O I, R

PCAZM TR M, A 251 F i PCLAI S 2 &
J8 5 PC2 R )7 22 DTRR 2653 0 72£26.95%H119.72%, %
7 ZEDTHRE 4946.67% (FE3A). /D SR AFAEAS
MBS, F1E RS PC U T MFE S KRB % T
PIRHER S, BRI AR (A [ R AR s 1 358
0 g A DU AR AR B T34 . WK%
KRR, HAR B AT EAR B 40 B 0 24 AEPCA
B HRTE AN A R B IX o Ik gt B R T AR BR A
MR BR B L5E500 4 B S A T B L5 o B4, &
TE— B R EAFAE 3R BRI IS, AR R RN
YIRS B — UG AN R AR, X
AT 8 A R R AN [R) R AR5 40 B RV &5 R 1R S i A4
RIAE & B BAR M AR YRR A b, T HAR &
Xof SR ) 1) R A AT FE B BE % JR (Marschner
et al., 2012), BKlit, 7ECBRBURRAE 20, gl
TETE LA 2% 5 52 31— SE BE AL R 22 (n -39 7 s 1) 11
SE WA IAS BAS R R0 ] R N4

FLEE IPCLFIPC211 7 22 DTk 26 43 il £20.63%
M17.49%, ZitJ7 2 oTHk% A38.12%. EI3BYEIK,
B BRI 25 A AEPC U L mT DL B M 2 ok B (8
SR AR AR B L T A DA 2 g AR R R AR B B BT
RIEHE, RUIRRBR AR xR 2 i) 1) 22 Sl T FE A
WIRIRT FL BRI A I 52 o TLRRIAE K 2010
A 5% Ak DA S8 T 40 B 1 il v S A B A
AT SH AR o R AR s A5 o S 1A 9 2 ple AN ) 1 e
TR A 0] RESE AU TR 3 0 BLBER AL TR R 1078 79
ORIV . 5 IEAHST, Anderson’%(2004) % B by 115
MEEMBr T 58 rh 2 5P B AR o i IR 1 4E 25 AL
TR EANE o RASEHE A R P oot 30 4
T LR IR S AN I S, (LR VA TR R B L 1 5 oAt
YRR ERAEAE B B 1) 22 5, FEEIBBH T &AM b
(R g5 b7 o A 32 S Jig PR AR ASRHE AN [R) ) 1]
Iy A LU, VA SR A RHE A 732
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Fig. 3 Community structures of bacteria (A) and fungi (B) in
rhizosphere and non-rhizosphere soils of different species. o,
Agropyron cristatum rhizosphere soil; e, Agropyron cristatum
non-rhizosphere soil; <, Fringed sagebrush rhizosphere soil;
€, Fringed sagebrush non-rhizosphere soil; V, Leymus
chinensis rhizosphere soil; V¥, Leymus chinensis non-
rhizosphere soil; /A, Cleistogenes squarrosa rhizosphere soil;
A, Cleistogenes squarrosa non-rhizosphere soil; o, Ach-
natherum sibiiricum rhizosphere soil; m, Achnatherum si-
biiricum non-rhizosphere soil; ¥¢, Stipa grandis rhizosphere
soil; Y, Stipa grandis non-rhizosphere soil.

PR, DEAEAE D B E TR RIS (AR R IR
W WEEAL T b, Ve S SR AR HE ) 8]
AW R D, AP T R R R E A B XS
AR DRI - HE Rl A= P 2 1l ) B 50



3 #ig

AHETER 53 T AW F BRI T T NS R
Ji TR AR - P A ) J LAl St R 40 ot AR o A AR
RIS A PIREE 52 . 45 RN, iRPs 3 o gn
RS SL TR AR AV 4 R L S ARAR B 338 R A7 A1
WM ZES, JUHXTHEE W S, AR
o 5] PR 22 e A AR BB T AN [R) A T ) 22 S, AR
R B 55 AF R B PR G ) ) 38 1 S A0 Th RE ) R
Fegto MRS, AR Th 0T 40 1R 40 R % 25
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