5542 B 8 W) *E &~ 2 Eild Vol.42,No.8
2022 4F 4 A ACTA ECOLOGICA SINICA Apr.,2022

DOI: 10.5846/stxb202104170997

INRYE, S et ARAGSE, P TE, sk k4, 4 SRR, A . 00 i 0 R B T /N S AR B Aol 2 0 9 45 S T BB 2 R . AR AN AR A, 2022,42(8)
3366-3376.

Sun LN, Wu BB, XuZ H, LiZ L, Zhang S Q, Yang E D, Zhou J H.Rhizosphere microbial community structure and functional diversity in two Cd-
accumulating wheat cultivars. Acta Ecologica Sinica,2022,42(8) :3366-3376.

MR ARRB NS REENENBE RS LRSS HFE

1, * 1 = | N > ] 2 2 1 1
IR REE hER EEE RBA HEL ALL
1Ll K Rk eE 2B, AR 230036

2 JbE AR B U AR Ae /NE TR BORBFGE oLy, JE5T 100097

x}\\q\
7/

2
FS

FEE ARG R BB/ SR AR BRA: W I& 41 R T Re AR MR s , DUAR (RN R B/ NE B 2 22 AR AR R AL /N
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Rhizosphere microbial community structure and functional diversity in two Cd-

accumulating wheat cultivars

SUN Leni" ", WU Bingbing', XU Zhihao', LI Zelong', ZHANG Shengquan®, YANG Endong', ZHOU Jiahui'
1 School of Life Sciences, Anhui Agricultural University, Hefei 230036, China

2 Beijing Engineering Research Center for Hybrid Wheat, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China

Abstract: In order to investigate the effects of the different accumulating wheat cultivars on rhizosphere microorganism
community structure and functional diversity, low Cd-accumulating wheat Jimai 22 (JM22) and high Cd-accumulating
wheat Ji 5265 (J15265) were planted in pots filled with contaminated soil and non-contaminated soil and collected at the
tillering stage of wheat. In total, four experimental treatments were set up, containing JM22 grown in contaminated soil
(CJM) , JI5265 grown in contaminated soil ( CJI), JM22 grown in non-contaminated soil (NJM) and JI5265 grown in non-
contaminated soil (NJI). The number of rhizosphere bacteria, community structure of culturable dominant bacteria and
microbial community functional diversity were analyzed by traditional dilution plate culture method and Biolog-Eco
microplate method. The results from the standard spread-plate method showed that the population of total bacteria and Cd-
resistant bacteria in rhizosphere soil of JM22 were significantly higher than those of JI5265 in contaminated soil, but there
was no significant difference in the population of total bacteria and Cd-resistant bacteria of rhizosphere soil between the two
different accumulating wheat cultivars in non-contaminated soil. Studies on the biological characteristics of the isolated

strains showed that more urease producing bacterial strains and Cd-resistant bacterial strains (200 mg/L) in rhizosphere soil
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of JM22 grown in contaminated soil were isolated than those of JI5265 grown in contaminated soil. Based on 16S rRNA gene
sequences analysis, bacterial community composition was different in rhizosphere soil between cultivar JM22 and cultivar
JI5265 in contaminated soil. Most of the dominant rhizosphere bacteria in JM22 were identified as Arthrobacter sp. and
Bacillus sp., while Streptomyces sp. predominated in rhizosphere soil of wheat JI5265 in contaminated soil. The dominant
rhizosphere bacteria in JM22 and JI5265 grown in non-contaminated soil were similar, and they were mainly Bacillus sp.
The Biolog-Eco plate experiment results showed that there were differences in the utilization of carbon sources between the
two wheat cultivars, and the average well color development ( AWCD) values, Mc Intosh index, Shannon-Wiener index and
Simpson index of rhizosphere microbes of wheat cultivar JM22 were significantly higher than those of cultivar JI5265 in both
contaminated soil and non-contaminated soil after 120 h of incubation. Taken together, the community structure and
functional diversity of rhizosphere microorganisms in the two Cd-accumulating wheat cultivars grown in contaminated soil
were different. The results provide an important reference for understanding the rhizosphere microbial mechanism in high and

low accumulating wheats.

Key Words: wheat; high and low Cd-accumulating type; Biolog-Eco microplate; rhizosphere microbial community

structure ; functional diversity

BEE Tl Ary & J i LT R BARE A i A M R KRR S5 i Tl i 3, S8 R i & w5 g H 25 ™
o, AR T R 2014 4R EI R R AR A (A E TS YR B AE AR B, T E R
RIG YA R, EEZ ] T Cd.Cr Pb Al Cu FHEAE RIS YY , BEIRMEEER A, TR, X TR AIEY
AR KR EAEFEN, S S Y aE B sl sy m AR, KINE & cd a8 KR
W R T R B 16 AN R A5 4R, R0 B IR

NI R Fi EEAR AR Z — AR IR AR A 7 b G PR A A R TS RN e A
PO AT S — 8 M XN 2R RL E 4 A A e R R A AR i (GB2762—2017 )
GO R BN LA RINAE SR 2 5 4 R B R A R B A 22 R RN R
4 AN [m] i b ] 1) 22 Sk 0B T TR 22 42 7 AR SR Bt Ao | 2 I %o A P B 5 g 17 4 ) ik D SR gt
z—"

BN IVE R S -HE ) A S RGN B G e AR, AU S 5 R Y BE 2 O/ EF R IEIE I i ELX -
bR IR AL DL R A K B 0 B Y 3 PR R AR ], R AR BR G AE Y Streptomyces
pactum F Pseudomonas aeruginosa REi I 1% Lol lifk IR 4 )8 | MU & 48 0 A WA bk | P i sl BRI /N EE
Xof H 4 R O R B R Y N A B A AR GRS RIS PR a e
H AR D /N AR PR A 0 T A A i v BB A28 /N 22 WA B 4 Ty | 498 5 PSSR I P )y T A 4 B AR T A e B
5/ INAZ IR BRI D R E RIS, AR X 3 A ) —/ N2 A BAE AL A 38 . /N MR PR W s S5 B
3l (AR ST AR T 2 — P ok o 4 il Xof B — S PR PR AR M T 1 BB VR S R e 4
A B BEAE T S0 53 R B, O [ RR 3R AU A 1) o 4 i W WA e AR B 0 L I 4 B A3 A AR PR Ak 2R R A T E LR
T R AR AN IR SRR NAE AR PR R BRI 4 R S T REBIF O e DL ARG ASHIF YR FH B R 40 S
FEFRHAR LSS Biolog THCF- MBS BT RN A R FR BB/ INZ MBI MR I 25 S UIe 2 revE 25 57 F o 4
AR T RA IR R AN BRI W A RRAE , S 78 TP s e 3 b R A A: W4 /N A2 e 4 e 7
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1.1 REA R
FEEJE Cd {5 HHER 208 TR I X JE A |, AR5 e + 3% A 2ol Rep R ZERIAH , /INE
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SR R s A B ARISE 5265 (115265 ) FERIRAR BRI 22(JM22) Y,

LB ¥tk . SRR 10 g, BERERY 5 ¢, NaCl10 g, ZE187K 1000 mL, B3/l 20 g,pH 7.2, H4:JEHUVEA A i ik
AR 7R3 . 43 BIBC ) 5 42 JE REOR LB {5323, Sl K e, BOR [F) & 5 4 JR RO A B LB 53256 1551
ANTR] Ve B A0 B (14 B 4 R PV AR RS R 3 IR 2 R AR 1 o, BN 1 o, SALEN S o B AR —E2 ¢,
BHET 0.012 g,2% R 3R , 7848 7K 1000 mL, 35005 20 g,pH 7.0, Horb | JREFE KIS 1L uEBR I K S BB R4k
1.2 /NEEFGAE

W RT3 0 J5 4 5B A AT (h18 emx®26 em) , BFA + 3.0 kg, AL E 4 MO 54+
P& 22(CIM) 54 +38 5265( CJI) AR5 Y H3% 2 22( NIM) AR5 Y 32 5265 ( NJT) |, B MAbF 8 3 i
82,312 2 BEAER 12 B/ NER T S AAURCE TEIN, fNERESBEN RIBUNE IR PR 1—2
mm I B AR BR 1, AR PR E 3 A= 8T
1.3 ARBR T ES IR AN TR 40 55 S Al o

WUNEZRRBR 3845 1 g, 0B MABIHA 99 mL Jow ZE1R/K 19 = fifH  i0E T 28°CHR KN RZ 30 min,
HURRASC 5 RE R R PR RS 455 1072,107°,107%, 1077 R R, 70 AR 100 pl B BERIR A 2 A & Cd™ Fiy
Cd* ¥ JE 2 25 mg/L( CdCL, ) B LB AT |, B T 28°C A AL F5 48 % 35 72 h 5 0 Al b i A T34,
IR v P HAA DT Cd IR ECE IS A R B, PRI A R B Pl b A9 0 3 B 5 3R A T 2 IR e o3 5
afifl,, IR WA R T -80°C £ H
1.4 TE#k 16S tDNA 5515047

Xy B H RS BB ( DNA-EZ Reagents V. All-DNA-Fast-Out ) 2% 7] &0 156 W 45 42 B2 5 56 K 40 DNA | {517 T-
80°C VKA, PCR W 27 SCHk™ kit 47, L1 5140°8 27F .5 -AGAGTTTGATCCTGGCTCAG-3', I 1] 5| ¥
7 1492R . 5'-TACGGCTACCTTGTTACGACTT-3", LA & DNA Bt #Ef T PCR ¥4, ¥ 94K R (50 wL) .10
X buffer 5 pL,25 mM MgCl, 3 pL, BIE5149) 27F T 514 1492R 45 2 pl,2.5 mM dNTP 1 pL,Taq DNA
polymerase 1 wL, B8z DNA 1 wL,ddH,0 #MEZE 50 wL, H2 pL PCR YT 1% IR HEEEIE Fo kAl . 43
FEYRE A T TR, KR8 $E38 NCBI(https : //www.nebi.nlm.nih.gov ) #£47 Blast FLXT, #f 2 ¥ 5 B .
JF51H BLAST #J¥ 5 GenBank ZU# J72 H i ML AU TR AR 3 51 2R 47 LU X 23 BT, 346 BSORE (AP 5 v i ML AU TRT B 16S
rDNA JF51], % Clustal X1.83 #H17 A shHEF LTS, H MEGA7.0 #Xf Neighbor-joining IEfHE RGE L E W .
1.5  MREROLS AR SR A0 R A= P2 re

AR PR 8 T35 P D00 2+ A B AR T R R B DR 355 7 35 I 28°C 15 9% 48 h J WL B 4, 45 1l 5 A [l 4% 3%
FARLT | WK R R = IR BTG R B ERR AR PRI A2 LK 1 b S A S A7) 2 4 i v 8 A 1 4 5% 33 % 1
(FEAJRAWENT :Cd* 50,100 200 mg/L) ,28°C 1555 3—5 d, WELTH MR W REAS A= K B B AR 1, 3% T4 fk
XTE 4 B A v
1.6 Biolog-Eco TF-#H /7 Hr

FIH Biolog-Eco WAL IEM AR bR H AW DI REZAEME . 4 107 MR PR - 45675 B EEFR Biolog-Eco 4
AR, LR 150 pL, BEMEES = ANEE NS S T 25C 1 388 O EEOE R 3% 8 d, & i bR
BB 590 nm WEAE

Biolog-Eco {2 52 B9 4EFLF- 41 B €6, 22 A6 >R (average well color development, AWCD) & + 34
BTGP E e s . HIRUE YRR IE DI RE 2 FEPEFE BUCR FH] Shannon-Wiener $84(( H) .Mc Intosh $8%((U) |
Simpson 840 ( D) F1 Pielou $58%%(J) .

AWCD = 2 (C. - R)/n
i=1
H=-Y PP,

U=A/z nl2
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D=1-Y P

J = H/InS
Kb, PSR | AL AR OG5 B O AR BT A AR OGS A B i (C,-R) /X (C,—R) ;S AHHAI Y
IR SEL B C-R>0 MIFLASECH 50, 55 @ FLASARXSBOGIE, BN (C.—R) 5 C, 05 i AHEXTRALAYEOGIE ;R A
X BESLRE G s n s SR BE B IR TP HY 31,
1.7 Bdlasbr

BUHER A Microsoft Excel Office 2019 #FATAMBEIFTAE K ; SR A SPSS17.0 #4740 HE 8 [K & J7 2243 #T, Duncan

KRBT L AT RO 22 5 W E 0 A (P <0.05 2253 0.3 ) . R Canoco for Windows 5.0 4, F SR 120 h
AWCD {ELXS AN [F] 13 b/ N2 AR BRI i A AR e EAT 020 H (PCA) .

2 ERES

2.1 KR AT 4% 55 4 Ak

ANRINAZ SRR PR AN BB AN 3R 1 B 15 4 R 3EREE TS Y e rh B 22 22 AR R B 20 R 550 43 iR 3R
5265 1 6.4 f5F1 1.57 £i5, 159 ¥ 22 Bt Cd A B e, o0 8.25x10° cfu/g, B AN ALY 51% , 15
TR A 22 MRBR AN AR AP Cd 40 B A0E ) 2 R T3 5265 (P<0.05) , I TARTG Y + b o
FES, AR IENT GG P A 22 PR EANEECR DU BB LB A0 3 2 s TR
Pkt 5 P B 5265 MR BRI 4 B R DL B AR R X s T ARG g b BT g I R e A0 kR
o DA SCHUPEAH BA LU 3 B S i TR TS g R

F1 TRTERBETNERRAEHE

Table 1 The number of rhizosphere bacteria in wheat under different soil cultivation

AbFR RAITE e ) A Lol
Treatment Total bacteria/ (10® cfu/g) Cd resistant bacteria/ (10° cfu/g) Proportion of resistant bacteria/%
CcIM 16.00a 8.25a 51.56

CII 2.51b 2.19b 87.60

NJM 5.50b 0.47¢ 8.45

NJI 3.54bh 0.23¢ 6.57

CIM . V54 1% 3 22 IM22 grown in contaminated soil ; CJT. 75 % + 3 5265 J15265 grown in contaminated soil ; NJM; JE 95 4 + 355 2 22 JM22 grown
in non-contaminated soil ; NJI; JE75 4t 13 5265 JI15265 grown in non-contaminated soil ; [F] A [[/NG FHEFRIRTE 0.05 K |22 5 3%

2.2 MRBRUEHATRE FE A0 % 52 M W ep e

SR FHRR R LR AT AR 2 B AR/ N AR PROC I TR S0t 34 #R (R 2) , 258 T 4 W19 A&, 77 Ikl
AN 14 Bk, o5 BATBEEL 41.2% , SRBTHEAI TR (200 mg/L) 7 %, ISREEE M M R L B WA 1, TF5E R,
1G9+ 2E 22 (AR PR 41 48 %E 4 Actinobacteria [] Arthrobacter spp. (4 #£) | Pseudarthrobacter spp. (2 #£) .
Paenarthrobacter sp.( 1 #£) Fl Firmicutes '] Bacillus aerophilus (1 #8) . Bacillus megaterium (1 #&) Fl Bacillus sp.
(1 8K) , Hoh = IR EE A AR 7 K%, SR PTTEANTE 5 #R ;15 9% 152 5265 /NAEMRFRANTEE A Actinobacteria [ ] Streptomyces
spp. (3 #& ) . Microbacterium marinum (1 ¥ ) . Pseudarthrobacter sp. ( 1 #£) DA S Alphaproteobacteria []
Agrobacterium spp. (2 ¥£) 1 Firmicutes ] Bacillus sp. (1 #8) , Fer = BREE A BE 2 ¥k, SR rEan s 2 #k; JEi5 5
+ 55 22 (AR BRI A Bacillus aerophilus (4 #%) . Bacillus sp. ( 1 #8) . Agrobacterium spp. (2 ) . Ensifer
adhaerens (1 BR) , 7= IR BE R A% 4 Bk ; AET5 Y2 3T 5265 /NFEMRBRA0E N Bacillus aerophilus (4 #8) | Bacillus sp.
(1 #K) \Agrobacterium spp.(2 ¥&) Fl Pantoea dispersa (1 &) , F=IREFEHEAE 1 K,

INFZ AR BRARAE ) O 4 B A7 A i A ) R b e () 2 e, V5 g P U 2 22 AR PR AN T LU ZR B 1] 5 AT R
(Arthrobacter ) FNEBE T ] ZE M 7B ( Bacillus ) 3, 3L 5265 HEBRLHEE LR #7155 55 16 )8 ( Streptomyces)
R, TG P AR PROCF R 22 S 3K AR TS G - b P AR BROC A TR RFRAR L, 15 G 38 i /N A2 AR B
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DU A A BRI T 1o E  To e 2 3k R ARTS e L b Bt 22 S AE AR BRAN BRI ™ DRl L 51 7
B T0% 25% 50% 12.5% , 3 A ARER = WREEEAN G LU e T35 | 175 G /N AR B = IR 200 1 L 91 ves Tk 75
Yo ARBR, 55 LARPRANTE ' 38.9% (7 Bk ) BIRRTH 52 200 mg/L Cd, 1M 5 4 - AR B 40 B8 B R 2R i 52 200
mg/L Cd, 759+ 35 2 MPR- 534 PR32 200 mg/L Cd BYTEAR S 31 di 50% F1 25% ., MR B 7= Ji kg 20 1 A o
SR PUMEAN TR 2 /N AZ i PR 3835 QAR B R

R2 SBEEHRHEEREMERNE

Table 2 Identification and biological characteristics of isolated strains

whsE SR MbE R co

Strain number Phylum Closest similarity species Similarity/ % Urease Cd/ (200 mg/L)
(%) Actinobacteria Arthrobacter oryzae KV-651" 99.57 + +
CJ3 Arthrobacter pascens DSM 205457 98.70 + +
CJ5 Pseudarthrobacter niigatensis LC4" 99.86 - -
CJ8 Paenarthrobacter nitroguajacolicus G2-1" 99.64 + +
CJ10 Arthrobacter enclensis NIO-1008" 98.43 + +
CJ11 Arthrobacter pascens DSM 20545 98.71 + -
CJ12 Pseudarthrobacter phenanthrenivorans Sphe3” 98.78 - +
Cl2 Firmicutes Bacillus aerophilus 28K" 99.93 - -
cle Bacillus wiedmannii FSL, W8-0169" 100 + -
cJel Bacillus megaterium NBRC 15308" 99.93 + -
NJ1 Firmicutes Bacillus aerophilus 28K" 99.93 - -
NJ5 Bacillus aerophilus 28K" 99.93 + -
NJ6 Bacillus aerophilus 28K" 99.93 - -
NJ8 Bacillus cereus ATCC 14579" 99.93 - -
NJ9 Bacillus aerophilus 28K" 100 - -
NJ4 Alphaproteobacteria Ensifer adhaerens NBRC 100388" 99.93 + -
NJ7 Agrobacterium pusense NRCPB10" 99.85 + -
NJ10 Agrobacterium pusense NRCPB10" 99.56 + -
CG1 Actinobacteria Streptomyces panaciradicis 1MR-8" 99.93 - -
CG2 Streptomyces gilvifuscus T113" 99.93 + -
CG5 Streptomyces panaciradicis 1MR-8" 99.85 - -
CG10 Microbacterium marinum H101" 100 - -
CG12 Pseudarthrobacter defluvii 4C1-a" 99.42 - +
CG3 Alphaproteobacteria  Agrobacterium pusense NRCPB10" 99.71 - -
CG7 Agrobacterium pusense NRCPB10" 99.85 - -
CG4 Firmicutes Bacillus wiedmannii FSL W8-0169" 99.89 + +
NG1 Firmicutes Bacillus aerophilus 28K" 99.93 - -
NG2 Bacillus aerophilus 28K" 100 - -
NG6 Bacillus aerophilus 28K" 99.93 - -
NG8 Bacillus wiedmannii FSL, W8-0169" 99.79 - -
NG9 Bacillus aerophilus 28K" 99.93 - -
NGI10 Alphaproteobacteria  Agrobacterium sp. RZME10" 99.41 - -
NG11 Agrobacterium pusense NRCPB10" 99.85 + -
NG12 Gammaproteobacteria  Pantoea dispersa DSM 30073" 99.79

CG .CJ NG HI NJ 43 5275 AHRL A TR IR 43188 19 75 Y - 3 5265 15 5% L34 22 ARi5 4 L3 5265 FIET5 4 L34 22+, 7% IR G FH Ak i 32
A L JEE
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100 Arthrobacter oryzae KV-651T (NR 041545)

CJ1 (MZ675475)

Arthrobacter pascens DSM 20545 (NR 026191)
CJ3 (MZ675477)

9% CJ11 (MZ675482)

CJ10 (MZ675481)

Arthrobacter enclensis NIO-1008T (NR 134699)
Pseudarthrobacter phenanthrenivorans Sphe3™ (NR 074770)
CJ12 (MZ675483)

CG12 (MZ675474)

Pseudarthrobacter defluvii 4C1-a" (NR 042573)
Pseudarthrobacter niigatensis LC4AT (NR 041400)
31 CI5 (MZ675478)

Paenarthrobacter nitroguajacolicus G2-17 (MK424299)
100" CJ8 (MZ675480)
100 |- Microbacterium marinum H101T (NR 109268)
100 CG10 (MZ675473)
100 Streptomyces gilvifuscus T113T (NR 137389)
CG2 (MZ675468)

100| 1 CG5 (MZ675471)

99 [r CG1 (MZ675467)

65! Streptomyces panaciradicis IMR-8" (NR 134200) —
76| NG1/NG2/NG6/NG9 (MZ675485/MZ675486/MZ675487/MZ675489)
911 Bacillus aerophilus 28K™ (MN845151)

100 NJ1/NJ5/NJ6/NJ9 (MZ675493/MZ675495/MZ675496/MZ675499)

53 CJ2 (MZ675476)
Bacillus megaterium NBRC 153087 (MK424276)
100 CJ61 (MZ675484)
100 Bacillus paramycoides NH24A2T (MT256266)
NJ8 (MZ675498)
NG8 (MZ675488)
CJ6 (MZ675479)
Bacillus cereus ATCC 145797 (NR 074540)
CG4 (MZ675470)
58l Bacillus wiedmannii FSL W8-0169T (NR 152692) _
100 [ Pantoea dispersa DSM 300737
TNG12 (MZ675492)
100 I— Ensifer adhaerens NBRC 100388 (NR 113893) ]
NJ4 (MZ675494)
1oo[ Agrobacterium larrymoorei ATCC 51759 (NR 026519)
Agrobacterium sp. RZME10T (MK940276)
NG10 (MZ675490)
Agrobacterium salinitolerans YIC 50827 (NR 157010)  Alphaproteobacteria
CG3/CG7 (MZ675469/MZ675472)
NG11 (MZ675491)
Agrobacterium pusense NRCPB10T (NR 116874)
991 NJ7/NJ10 (MZ675497/MZ675500) —

Actinobacteria

929

Firmicutes

AB907780
( ) —‘ Gammaproteobacteria

100

100

0.02

B 1 /NERFRHAE 16S rRNA ERRGEE BB
Fig.1 Neighbor-Joining tree shows the phylogenetic relationships of wheat rhizobacteria based on 16S rRNA gene sequences
53 3B Bootstrap {H, RS FEEAALHERTE— LAY LEE; LR B RPN BE  AUR IR 8 355 LAY N A GenBank %5t

2.3 /NERBRGAE Wi T A A T BE ) 4B
2.3.1  BRIGAREHE ) T2 b

B A H (AWCD) Frn R IR YRR X 31 R IR (4 A FH B8 1 AN IS AR 1k, AR T 16
YRR A B RE 2 RE M B 2 WTE, R TR R R /N2 AR PR IAE W AWCD LR 75 15 5% Bisf [ A9 %iE K i
BT . 24 h ZH7 AWCD {H LR, R IEE A P AE R, 78 24—120 h Z 8] AWCD {H3#
KRB, R WIBR I A, S A S PE I G55 L 120 h UG KE R ZEIE T 144 h J5#a T Ha
FE o X TN AP 22,24 —120 h 1544 35 AWCD {85 TR 4L+, 1 144 h USR5S+ AWCD {i
F st TR 22 TS Y3 AWCD (5 AR5 Y 3G W oE 22 5 (P<0.05) , F M A —Fl/NE R PRidE
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WIAH R 232 AR S (RN R gt B 38 5265 (975 g+ SAET5 Y+ AWCD (B0 B35 25 5, B %
il /INAZ B PRI AR PR - S SAE AR DRI BE 1 JLF-AH TR, JLT AR A2 4828052, V5 Y 3R TS5 Y - b o
7 22 AWCD {3 8 E K FFL 5265, F BT 22 MRERA Py X5 5 1 R FHRE 1 K F 3L 5265, ¥ 2 22 PRl
A AR R

2.3.2  BRUIEZEBIFIHIRHOE

¥ Biolog-Fco 4R 31 FiiIES N 6 K, M4 120 h e
WSE 1 31 AL AWCD {EHEFF BRI 5007 i PRl 3 S e N

2.0 1 —e—dEj5Ye£3E 5265

AL, TG e 3R 0 5 &2 22 AR PR AE Wy e K 1k A
Y2k H BRI R RV RIE M2k 6 ik
PSR FH 5 B Y AR &, ELAR SR 3 T g L 3
5265( P<0.05) , Hr X2k G W i F FH 22 S i 1 3%

(P<0.001) , AETG 5 - HFe 2 22 AU R IR IS A IR A1) 00 1=2 24 4‘ 7.2 9.6 150 14.14 1.68 1.92

R 5 W TR 5265, THL T BRI IR G 1 3 25 5 B e R

AET5 g R BE R 22 PRI Y fE S 3T 5265 FAH L _

WL ATV 22, V5 b Ry TR T PR EREREARRTARERLE
%$jk{§%i% ,EE%%E&% ‘%@2;@ \§%%%$ﬂﬂﬂ Fig.2 Dynamics of AWCD of different wheat rhizosphere
ik 4 RFERIF L AF7E B 35 22 5 (P<0.05) . %L 5265  microorganisms in different soils

P75 Y A HE ) B R 2R F 5 5 5 AR T Y 3 A7 A 22

5, HoA A 2 A I 5R BE S ARG Y TR 2= 5 0 [A]— A R /N 22 MR B Al A 5% S () i D A ) FH R AN [, %o
T UG 7K SR 3w 2 oK Ak B 02 EE MR SE RIS Z RIS, (U5 Y 58 i 42 22 #RPRig A
XTRESEAT B R T E 5265 XTRESALA YR A T . MR R A: 0 X0 5t 5 1 FH i 7 AN [R) AT LA s B AR
INpGRE S Ea AR NN
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Fig.3 Utilization intensities of six types of carbon sources by wheat rhizosphere microorganisms under different soil cultivation
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TSR W) FR A PEFE |, Shannon-Wiener 4540 (H) FI Pielou 4580 (1) 7050 T PEAL AR My & 1) ) b
FEEENY ML E, HE3 ﬂ’ﬂl, TEWIFD H 3R 22 AU BRI Mc Intosh #8%% . Shannon-Wiener $§
H Simpson FEE0 .35 5 T3 5265 (P<0.05) , RBI/NEZ MR BR GV 5 6 B AR 3R 52 B[R] FLUR B/

http ; //www.ecologica.cn



8 1 NVRYE A5 PR R B/ N AR PR A E I T 2 K S D REZ A1 3373

SRR . PR AZ 22 B Mc Intosh $8%%  Shannon-Wiener $8% . Simpson $8 8034 R B0 15 4 + 30 & w3 TR TS
Yy MH 5265 WITC 25 5 . Pielou 15 8U7E 45 AL HR 0] T i 35 25 5, Uk AN [R] AR R A /N2 AR BRIgUAE 9y 38—
PEFAARL, 3T 5265 ARPRGA Y1) Mc Intosh 544 (U) . Shannon-Wiener %% ( H) ,Simpson %% (D) ,Pielou $§%%
(1) ¥R dm )N R BEETS Y RS 19 3T 5265 MRPRIA Y145 FE A4 5 B fe /b o

#z3 ARLEHIETARNERRFEY 120 h AWCD F1 S HHEIEE

Table 3 120 h AWCD and diversity index of wheat rhizosphere microorganism under different soil cultivation

QbR B AR LR Mec Intosh Shannon-Wiener Simpson Pielou
Treatment AWCD HRE(U) FRE(H) H/E(D) FRE())
CIM 1.98+0.11a 11.59+0.44a 3.37+0.03a 0.97+0.00a 0.99+0.00a
CJI 1.23+0.11bc 8.15+0.59be 3.21£0.06bc 0.95+0.00¢ 0.99+0.02a
NIM 1.43+0.15b 8.94+0.70b 3.26+0.05b 0.96+0.00b 0.99+0.01a
NJI 1.10+0.10¢ 7.33+0.64c 3.17+0.01¢ 0.95+0.00c¢ 0.98+0.01a

AWCD . 3500 A8 1 % Average well color development; [FIFIAS R /NG FhE R IRTE 0.05 /K 225 B 3%

2.4 MRBRILAEYIBRIEF ] 38320 A

o T He— AR [/ 2 M B A W B T RE A s RE——
SERI 2 5 BFST I 120 h 4% Ab B AR B 02 1% 31 o L s
FRBRIERY AWCD Bl HEAFT 3 4007 H TR 4 TT . o v TR LI S265
Hi— Sy (PCL) BTHk R 37.85%, 55 — F 84 g v o .
(PC2) TTHRFEN 15.53% , DUALALFEA  CJT AT NJT A5FF 2 o .
FEAGT SRR, CIM B NIM S LB AT S *
FrS R, F2 W /NS 0 0 S W B R4 L NJML A s
NJL S MG R B T T4 — 4 B, RIS , R WI7E TS .

Yt S 22 153 5265 ERERRIR AL B RER A .
JETET R CIM 5 T4 BIE NIM R NJT R, s ) ;
SEWT5 e+ RN A KR TR ) T TR 5 TS AT PELETE
i’g]ﬁ@g/ﬁﬂgo B4 EFNEREREDREFANERS D
Fig.4 Principal components analysis ( PCA) based on carbon
3 iWig source utilization of rhizosphere microorganism in wheat
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SR Rl AR 2SO, — TR 2 (AN N T 4 T (A A B0 ek /L 5 — T s (3 7 A K IR i R 2 g
W2 RIS BTG Y b HE PR A BRI A 22 AR PR A AN AR BT Cd A B0 B e TR e
TE 22 22 Fv5 Y 11 s A BRI BE 5265, AN 22 22 19 AWCD {H /55 T3 5265 , 31X 2 W5 e 45 I FR /N
MRERAN AR 2 ARG R 08, 54 8 15 Yol 3 T 22 22 ARBRAN RS K, Pk — 45 R0 A AT B
S, — 77 T 2 4 JE X AR PR A 0 P ) s 428 SR8 sl o) VR D, 53— v s AR R R R A/ N2 AR R 40 T 40 ol
FMBREAFAE LS FBT B AR R ARPREON (R R BB AE 22 ARPRGIA: P 09 A8 1T RETE A R F iz
FEE N TG SRS Y IREE R R Y A & B (AR B RS AR PR M RIS A M T R 2 S W (R
BRIZESE QLQ MRFRfA: R vE A G 2 Atk o T e R R AU ZE S T308, 3% 5 A 7% 45 Al — 2, (H AR PR
AR TR AR ARIEE . AP TR SR 45 R 590 R 64— 3, X T B2t TR [RIAE ) R 28R B
BN Xk E 4 R W AT T A2 1 L R o AR o P o B8 SRR B AN ]

FRERIE Y BT 2 R R SO R B T 22 22 W IR 5 T3 5265, R HNE R AU R bRl E Y BEIE 764
P R 3 AFE B B AR 3. 16S vDNA JP 5 4 A 3 B, 15 e - 8 rh i /N 22 5 oA B A 38 200 o1 A 5
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HAAFAER L T B] 22 57 . 3k S5 BRI R I PRI 6] B R A/ N A St AR BRI A W B R 2 A M A A7 7
225t X5 Zhu 2R FABE AN G RRH AR 3T KB 7 R 4 28 /K R i PR B e S ok B A W BV A AR 25 S 4 3R
AA—E, [F]— L SRR R N AR BRI WA 1 2R | 2H 0 i 45 2% S T e S AR AR 2R 00
WA O KR ZR IR R A A AR P R A SRR R AR B R R LA SRR E . R TR AR
AU I T4 T a0 fAR R o I A RS S AP e 22 5 T2 R 2 5 S5 W AR T) A R B 2 ) R 4R
FHIDMRER Y MR RW- )-8 8 =3 A R A AR HISE R

T X AT IR TR AE 16S rDNA FFFN 00T, A 05 e e 5 42 22 153 5265 MRBR L H R W b 25 57 45
K, FEFRINTE A 22 IR 109 Arthrobacter FUEEER ] Bacillus "N F, 5L 5265 MR FREHE DL H 17]
Streptomyces 2 ARG Je 30 h Z 822 AN AR BRIAE W0 A W) AR bR PR 55 78 A A5 A BURK PR E 14 ke
IR ) 2 AR SERE S AR AE ) 11 B IP300 R (R S R SR A AR PR 2 A9 R AR 1 32 4
I SRR AN o Y TN = e b | e ol e A (E K S0 5 Y R s = e 12 1 Rl 5 e E R Y
Arthrobacter sp. BEWLIY 4@ , /DI B 4 J@ AR WA WM Bacillus sp. fE4R S /N BUEAL B R 42, Uk
RS E han e A R E AR I RIS R X B A R SRR R AL SR R IR Streptomyces sp.
REMGGH/NAE T T 4 TR A WSCRL BR  Arthrobacter ™ " | Bacillus ™" ,.S’treptomycesL42J LA ER T 4 E VT Y+ 4
S PR AR R 08 DL TR, 3 S A0 B0 3] 55 AL ot 52 i < S e WA 3R 4 i oA B VR . Bacillus 1
Streptomyces 43 I REIE 2 7 A N AR ZF A RN 3G 50k S0 TR R FREE BT 320 . ASBIF v B 45 s Jph 3 £ P /)
207 AR SE X SRR AT 2SR AT B S B X 4 e B SRR

R BT BE Gl A WU ) 5 R ) SRR 2R o 4 Ja v A A AR T o 7 IR 4 R e AR 0 A A AR A
Ja 2 A M A Yt B A WSORR R AR B AR A A R B g R DG 7 IR A TR R A IR Kl
NH; 1 CO3 ,—J7 Mg = 13 pH (E, [ COY AE S H &8 & ¥ IE MUk R ERUIVE , /b 1 4 Js A= A vk
BliAL ST B Jm AT 0 B T R IR DL AT WD D WE S, R BT AR PR 0 88 - IR R bR 2, HS
e - T8 2 ™ PR VAT L 0T o e O R R 2 S BUINE AR PR pH T, iRBRA RS HE 2 R b, B
(R R SRR R o 4 S ik S B A AR R AR A — B, ARR 4 A A A IR S T R B
15 g% 1 b G 2 M RBRUE YRR AR R Z — o A AF5E A 30T G b 3 22 AR PRI A P % i
e 5 R FH R Sk e T LA A 3 3 RT R AR P TR A I 0T PR 3 N R R G A 2 R AR R A B A e
KW, UL R AR BRI 22 IR 4 7 23 Al PR 3R 7 A NH T U Z2 e o, il 1 AR B A 0 B [l RE AR %26
Wyt o ARAR SR B/ INAZ 5 77 IR T T ok S e 20 o [ T BEAAAE S 2% I EAE G 2R  I0 A Fp it — 2R AIESE

3 4518

(1) 3875 G e Al (A [ BR 3R AU /N 22 AR om0 M 4 T 00 i A i o L 4 v AIRAR R A 5 22 22 R Bt ik
20 R R o R R BYEE 5265

(2) F33 75 e (i /N2 MR PRGN TRTIE e A U, 55 42 22 MRBRILF T LA Arthrobacter sp.Fl Bacillus sp.2h
F, 5L 5265 LA Streptomyces sp. A 3, MidET5 Y - v i AR PR S5 TR ERCAH L .

(3) MRAR R B/ INAZ AR5 G ST a0 AR PR 23 SR AR a7 kI 200 1 11 B 53 J M A 1, ] BB /N A2 AR it
WORR 2R 4 R S LT A2 1A G
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