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Abstract: In order to find out the relationship between continuous cropping barriers and soil microbial communities, this
research studied the mechanism of soybean continuous cropping obstacles from the ecological view of soil microbial community,
the soil and rhizosphere soil of soybean in full flowering period of soybean stubble and continuous cropping for 4, 6, 8 and 10
years were taken as the research objects, the 165/18S rDNA PCR-DGGE method was used to study the characteristics of soil
and rhizosphere in full flowering stage of soybean, the population structure of bacteria and fungi in different years of continuous
cropping soil were compared, and the differential electrophoresis bands were sequenced and compared. The results show:
cluster analysis shows soil is clustered in one cluster and rhizosphere soil in another cluster, the community structure of
bacteria and fungi is obviously different from that of rhizosphere soil. The DGGE map of 16S rDNA showed that there was no
obvious change in the soil bacterial community, but there was obvious change in the rhizosphere bacterial population. The
sequence alignments showed that most of them were Proteobacterium, which was a kind of nitrogen-fixing bacteria. The DGGE
map of 18S rDNA showed that there were some differences and changes in the fungal structure among the treatments, and some
bands appeared or disappeared in different treatments, the sequence alignments showed that most of the fungi with great
variation were Trichosporon pullulans, Temellomycete, Phoma sp. , Cladosporium cladosporioides, Trichosporon pullulans and
Cyathus striatus. Results showed that the rhizosphere effect of bacteria and fungi was obvious, and the change of bacterial
population in soybean soil was not obvious, and it had great effect on the structure of fungal population. The results can
provide scientific basis for the mechanism of soybean continuous cropping obstacle.
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NSRSt SANGTE S b NGNS IE - £53i 1N
MBS S dUE R A e Em Y KT R EEEM
TAE YRR DT S OB AR 22 ) SR AL 58 35 37 07 125 09
Sl RARR T 58 IR AEAT , AR G AR +
A DX R R ) 2 R 5% 5 A ) 1) 37 82 A A e 9
PREFIFIE AN T o7, BRI A S T AR AR i A=
YyIX 2 BT A

DGGE HL UK 55417 19 22 /0 AT DL B b 2 A o 24
EREE st ZREM:  ZREIE SR BUR T RER M)
BOLHARBOR 3 A B 5 BE I &5 B P8 1L A
ST\ - RGO A: W AV 26 25 0 ) B2 0 90 S AR B 1
FIALI, FI ] 16S/18S tDNA PCR-DGGE ( 75 14 58 i
HLVK) Tk, i — A0 IR WY A 1 0 b A W A R 4
PRI DI RE A A AR , DU 4R 1 i VR RR A5G 5 1 1
AR Z AR

1 MRS

1.1 ##
1.1.1 #&K=
T S
112 BX B3 R T BB A RO Rl
BE R AR u , T 2020 4F 7 H R &G
WIBURE B IEAE EAFE 2,4,6,8,10 4F 4K+ SEFIIE
HEME2,4,6,8,10 AEARBR L3, A4S R 1 ~
12, #% HSHBURE L UK GAEMR, 6 2540 ~5 em
MR L REEHER R AN E RS R+ HE R
IR AR Il R A MR 2 v A S M AR B -, G Y
B4 AL % B, B T k& o SR, B
1 mm G5 65T - 20 °C kA DNA 4347,
1.1.3  E£&XA  +3 DNA $EBGAF & [ 55 [
Q-BlOgene 2\ F], PCR 4" 3% >k H (1) fif§ /& TaKaRa ( K
R TIEATE) LA Taq B, PCR 5% 1 Takara
A, BERE B R RO ) 85 % A H TaKaRa A
A, IR H OB S Ms BE R (37. 50 1) [ Tris 524
AT AR, ZEFHBE . RE SR
e TEMED ( P4 H1 Kk 2, — i) S5 J2 28 F Amresco
ST 2 TR R s T P R R L Dk G £ 590 2 0 1
Sigma A H] ) SYBR Green | nucleic acid gel stain
(10 000 x ), HAH HLZG &Y 0 o 0 Bk = oA 4l
G, I P AE A TN FIIEAT

TV EB A#8(10 mg-mL™") 0.5 mol -L""'
EDTA(pHS8.0) .10 x Tris EDTA .50 x TAE .6 x DNA
Loading Buffer \10% APS,

DGGE & FHZE i 3. 854 g BblR4E% .0.214 g Y
K G EERSE 0.5 mol- L~ EDTA (pHS.0) , Diffusion
buffer I & & 100 mL, 121 C KB 15 min J5 A

K2R 10 SE b ke

0.5 mL 20% SDS,,

DGGE dye: FRHL 6 g BEMHA T 2 mL 22 F K
H AR % 10 mL, 121 °C KB 15 min, FLE N 60%
B 76 15 mL B0 I 2. 5% IR EE 200 uL,
0.5 mol-L™" EDTA 2 mL,20% SDS 250 pL, iR
A 6.66 mL 60% FEHE, 4 % 10 mL, BLE N 2 x
DNA Loading Buffer,

1.1.4 ZZLE  FastPrep® % B HEHUX ( BIO
101©Systems 23] ) ; MJ-PCR AL (MJ 23 7], B[ ) 5 5
HVR VRO HL R 38 B R SR 20 W A7 5 AR IR 7K
FEFIHI VKL SANYO 4 Bio-Rad /A 7] Deode™ (1
FER 5 AE K 22 45 ( DCode Univeral Detection System
Instrument , £ [H) ,@f%ﬂ{%ﬁ*ﬁ%%%ﬂ%ﬁiﬁﬂ’
FABRA R Alphalmager2200

1.2 &

1.2.1 :3EmAHAWA DNA #93E RH] BIO
101©Systems 2 @) 4= 7= ) FastPrep©7F§@§‘H%iE%El'zE1
S, FESAH R Y FastPrep© soil DNA Kit 57 &5 |
SEICFNAliAl SRR S Y J5L AR DNA

1.2.2  £3EA W4 DNA 69 PCR 73 41 16S
rRNA JE P PCR 3717 - 5% FH X R 22 B4 i A vty 4
A 16S rRNA JE A V3 X B 5F 53 1 51 %) F357GC
(5'-cgecegeegegegeggegggeggggeggggecacggggggcetacg-
ggaggcagcag- 3') Ml R518 ( 5'-attaccgeggctgetgg-3")
( Muyzer,1993) ,iE KR 55 °C , ¥ 7=4) 7 Wik 24
230 bp,

L 18S rRNA J& [ #y PCR 47 3. >R H]
FUNGGC F1 NS1 W 514, 40 BIxF B 188
rRNA ZE[N 4T PCR 370 . 5147%F NS1 Fl FUNGGC
B 7 %1 43 B A NSI ( 5'-gtagteatatgettgtete-3") Fl
FUNGGC: (5'-cgccegecgegeccegegeceggeeegeegecece-
gccccattcecegttaceegttg-3") o iR KIREE 57 °C P 1=
Y1 WK 24 390 bp,

PCR LW AR R 50 wl #7384 S MK R & 5 pL
10 x ZZ P (7% 25 mmol - L™' MgCl, ) ,2 pL dNTP
(25 mmol-L ") ,2 pL 51#¥1(10 pmol - L") B4 1 plL,
Tag DNA R A58 2.5 U, 7&K ddH, O b %]
50 pL,

PCR SV R 195 C UM 6 min, 95 °C A8
30 5,55 C (B 57 °C)iB K 1 min,72 °C HEf#
2 min,35 MEH,72 CHEM 10 min, 4 CHRE,

PCR R 7= )R F 1. 5% B R 5 e v Wk A5
Il EB YL {f,, Alphalmager2200 Bf5% R G40
1.2.3  PCR B =4 DGGE o 47 A5V i ) il
2 FCHIR N 7. 5% VIR T BEIR , 42 FRER 1Y
AR PR I —5E LAY 40% PN ARTBEIE .50 x TAE |
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288 R e RN PR 2R, I A AR R A B R e ASP
(160 L) FIPUH 3L Z % TEMED (30 L) , il zE
JKFEZS % 100 mL, fifi FIAH B IR A& a7 iE e . 21

B AIEEE PCR SN = 90 K6 0 B4 78 M 10 Aofs 8 YR 8 4y
WK 30% ~55% F115% ~35% , Forp Ak F1) il v B
ML 7 18] ROk ks, =R B A E D2 h,

Rl TRRETHERIEE

Table 1 Preparation of denature gel of different concentration

R BE Gel concentration

i#7] Reagent

15% 30% 35% 55%
40% WHETEHE Acrylamide-Bis/mL 20 20 20 20
50 x TAE/mL 2 2 2 2
FB T B Deionized Formanmide/mlL 6 12 14 22
JRZ Urea/g 6.3 12.6 14.7 23.1
SRR ASP/ L 160 160 160 160
VUH 2 £ i TEMED/ ulL 30 30 30 30

WFEIK ddH, 0

ELZE 100 mL

PCR A i B JIAE < 157 I 56 4 B8 1 i, B e AR Tk
NBEA UK S % 8 P 20 ~30 L PCR
f5 8 wL 2 x Loading Buffer {72, SX J&5 A s5 FE
fLh,

DK S0 K G2 A 1 x TAE, Tii#E] 60 C.,
SRR 820 V HL 60 CHLYK 10 min, SR)5 80 V
HUE 60 CHLIK 16 h, HLIKSERE R K BEI A SYBR
Green I H1{Z #1444 20 ~ 30 min,

DGGE 73 i 5 138t 45 Z2 R P 20 B el B )
B S5 93BT AL Alphalmager 2200 SRELHFE i B9 B K
&y AR R A Quantity One 43 H7 844 ( Bio-Rad )
Xof 5 A it LUK 2R 1Y) 22 /0 R o R ok HE AT 2 1 4T
DIME R Z R GETH 4R AR 100 A0 8, [l i 3155 45 4
v (6] KO RRARLPE 2R %, O A 3l A2 R 2B (UPGMA)
ZRVEAREL(H) £ (S) ML (E) S48 n o
RBA NP ATE 2, AR H =
-2 (Pi)(InPi);

E=H/H,, =H/InS;Sxy =2Nxy/( Nx + Ny) , H
H, Pi s AR B — 2R B 5 B TR R P Y
A St SR B TR (5 I R S R AN S PR
A FAECH BT, N ACRTERES: « Th I — )9 1
(9 25K, Ny AURTERERD y PP — = 3 ) 25t
B, Nooy FUFRTE « A1y 3G 10 B B AR [A] A0 2%
AL
1.2.4 VR0 M BE b 8 P A 68 Wi Aol B

¥ DGGE &3 v 3= B 45415 5l J< sl th B 1Y) 2%l
DI, [ 5 22 A 400wl 100% £, 10
~15 min J5 , AR H A, HAEWOE FiERETE S
LE A 200 plL Diffusion buffer, B H @725 K
BHSE 4 CiEp, HBRTUTIES " A DNA,

DU iR RIS DGGE 457 B8 PCR (218 I
k) JE M DGGE 43 B, B £ 7E DGGE i B
Bl e, EET R IR IR 1Y 51 ) ( 49 GC ) iF
17 PCR ¥4, 11 T )¥ # PCR #2£)J¥ 5 PCR-DGGE
R SR R, (AR EUD T 25 4>, PCR IAAR
1 L, 4% 50 pL AR BRSO 2 R E T
24~ PCR P2H1& 31 100 pLIREY, ZBhshiE
Ji& TaKaRa 23 & MG ) & L35 5, 2% LG A
/i M5 2
1.2.5 ¥t  HIEFAEWETE DNA 19 PCR-
DGGE 3% % F Bio-Rad 723 Al ## Quantity One X {F
AT 3R B SPSS 26. 0 GE AL B

SR DNAMAN A5 7 285 5 0647 77 3 46 30
PEGSUE S B TCRUF 91, 4 3 42 5 510 6 JF Lo s 7E
NCBI ) Blast Zfig#% % GenBank .DDBJ il PBD {1
JI A P80, BRI TE I AH BT B BRI 16S/18S rRNA
FEHFEH, A, R Bioedit #4414 Clustal W 77
N Mega BXFIR) NI JTik L RE K F W, (L1
B Tamura-Neighbor 22207 115, B KAVE T 4
BFFRBE AR BT JE 10 000 IR bootstrap HE AR
SIHTRI S H 4 L, SRR B T 5138 28 45 Genebank
B AT 3k 14 Acession Number Fl1 Genebank M 45 &

gk
2 RS9

2.1 WAEWEESA DNA BRI S 1
2.1.1 B DNA FE4nl B HREUY AR FIR
Prid A Y 3 R 41 DNA SE47 LUK 25 R i 1 fiR,
ATARAS 5 M Se S L 4] DNA, AT T F — 2
PCR ¥4,
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Bl LELL L LT

WS N1 ~ 12 WGED N IERE ZAE2,4,6,8 F110 4E 4K HIEATERE JEME2 .4,

6,8 F110 4EARPR A4, T,

Note ; Lanes 1 — 12 were no-replanting, replanting for 2, 4, 6, 8 and 10 years of soil mass,

and no-replanting, replanting for 2, 4, 6, 8 and 10 years of rhizosphere soil. The same below.
1 TiEEEE DNA &iEiE

Fig.1 Electrophoresis patterns of soil microbial community genome

2.1.2 3143 F357GC/RS18 ¥ 3% 16S tDNA 3 4
R Wreg =4 anE 2 s SR P OK 22 B0 R 48
E 514 (F357GC 1 R518 ) X 4 B KL 4 DNA 3E4T
SRR Rl LRI K B 29 230 bp Y 16S

rDNA 5 Bt#) PCR F=9)

2.1.3 3143+ NSI/FUNGGC 43 18S rDNA %
KBy =4 GnE 3 R R FH R E S 9 NS1/
FUNGGC XJ L 18 JE [ 20 DNA HEAT 4R v 1 | 1y
A RASRAF K250 390 bp 11 18S rRNA F Bif) PCR

2 |43t F357GC/RS18 418 7= 446 il =l %
Fig.2 PCR products of bacterial 16S rDNA amplified by primer pair F357GC-R518

-
390 bp

-...0"."““‘

904 b -

B3 5|4 NS1 #1 FUNGGC # 1 F= 4 il =
Fig.3 PCR products of fungal 18S rDNA fragment amplified by primer pair NS1-FUNGGC

2.2 AEEEEHETELMRELT AT ELEN
S

2.2.1 287 16S rDNA # DGGE E#% 4547 MK 4

ATUAE IR EAE 2.4 .6 .8 F1 10 4F R EL7E RS AL

ST - A 20 R R s VLA I S A A Ak T AR o 48 TR R

TR 25 AR S R AR B v S AR S 1Y) 2R [

WY o B X1 A X2 P25 5 NCBI i e i

PEFFAILLX S5 RNk 2 B, Hop, 2648 X1 7EIE
TEARPRAESE 4 4RI B4R, 4000 X2t B IR A
HRBR, X1 1 X2 X459 Y Proteobacterium ( NCBI %%
K5O EF020277 ) AHRME R 98% , 2 — Tl 8] 4
W, ATLLAE M, IEEAAMRR S HIFEET
Proteobacterium , Ifif Bifl #5 K &7 3% A 4F B ¥ 384 0, 3%
o ] 0 T 5 T O 2
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B4 HHXTEME 16S rDNA #7318 H DGGE Eif
Fig.4 DGGE gel of partial 16S rDNA fragments amplified using primer pair F357GC-R518

F2 B TIEHERAE 16S rDNA DGGE ¥ &= E L h & o &l F L E

Table 2 Species of fungal and bacterial sequences in the NCBI database most similar to the clones of tested soil samples

& KBz AR AR Bl
DGGE band Sequence length/bp Closest relative Identity/ % Accession No.

X1 202 Proteobacterium 98 EF020277

X2 196 Proteobacterium 98 EF075770

2.2.2 WRABBZERZRALA >N WIEMEBEE 6,8 F110 F LA LM A BE R, #1E 2,4,
DGGE ity e & F 4 R and 5 s, TR 6,8 F1 10 4EMFR H AN A RS BAE B 4b—35, 5
B - STE A TR v 40 1) SR M RIS IERE L FEAE 2,4, DGGE & H M AL a4 R —3k

0.47 0.60 1.00

#3

_| #2

#1

_| #1

#6

#5

#4

_| #12
#11

#8

_| #10

#9
TS S#l ~ 12 AN IERE BEE2,4,6,8 FI10 4E H & +3EMTF 2 EE2 ,4,6,8 FI10 4

BRI, Tl

Note ; Code #1-12 were no-replanting, replanting for 2, 4, 6, 8 and 10 years of soil mass, and

no-replanting, replanting for 2, 4, 6, 8 and 10 years of rhizusphere soil. The same below.

B 5 %ETF UPGAMA 75iH DGGE Eig R & H
Fig.5 Dendrogram of DGGE profiles of bacterial community based on UPGAMA
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i G A 45 LT rDNA B (9328 /R 7 SRR W e A2 AL LR T 5T 637

2.3 AEEEENTELMRETEFHELEN
S
2.3.1 AT 18S rDNA # DGGE B 4547 A&l 6
ST, 5 A P4 1) TR B 7 25 M AR AE — o 25 5%, AN
REBRTE] S By %F NS1/FUNGGC 4 3 By — 86 25717 HY B
SCET O, BN, FE—Se b b BT — S R A
WK L6 AN L9 ZEHEAE 6 4F RS i, Wi e AL
RO RREC A ; 455 L1 R L12 76 F 4 B AR FIAR

L10
)

L14
L15

P - ks

B - AN B B sl A T A A A AR R Y A
FRRBR - 387t B, I 76 A 263 VR 4F R SR 3 R A
PRPEE LI 7510 2 4 AE RPN SR BE 75 1%
1E 6 Fl 8 AR AR B 1A, AR AR 10 4E 5 5 A
FF I L12 FE#EAE 10 4F R IR PLIHAFIRE; 55717 L1
H L2 FEEAE 2 AEARPR A F i, T e o Ak B R 30
IR AT B X R S AT D) S D ) R
(%2).

8 9 10 11 12

6 5|¥1%t NS1-FUNGGC # 1 H & 18S rDNA KJ DGGE Ei%
Fig.6 DGGE gel of partial 18S rDNA fragments amplified using primer pair NS1-FUNGGC

2.3.2 ABBERGAFT >N WIEEHEREE
DGGE iy e & B WK 7 B, AR B &
RIS Sy R AW IERE #AE 2,4,6,8 il 10 4F

0.39 0.60

AR B R, IERE EME2,4,6,8 FI
10 AR PR 3 H R BV SR AE 73 A —7% , 5 M DGGE
Pl v B B AR A 45 R — 3,

0.80 1.00

#10

#8

#11

.
L

#12

—

#9

#7

#6

]

#2

#1

#3

_|

#5

#4

7 £TF UPGAMA FiHIEE DGGE B L ER
Fig.7 Dendrogram of DGGE profiles of fungal community based on UPGAME
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2.4 WAEYBESUNSEEMESES T

HH5 DGGE LK B3I p 434 2% A 5 B, X 4%
h P AT 2RSS B (H) A2 (B) S48 e
PEAT BT ZE RN 3 F7s . A AR R 5
PRI, LR AR AR BRI L S i) Z AR 5 T
IEFE I B A AR BR B 580, 200 T 22 AR 1k 52 B
SEHEIM S A B F AR R T 6 AF Ak Bk B B
e, B TR 8 FI 10 AR B Wb 22 ik F)
FIK TR PR B 22 BV A 25 R IR AF 5 AR

B, 225 R B 0 K B 2] S R 45 R A
R, AR EN WK, H SRR 5
BRI, TR 2RI 2 22 R AR, 1
ATEENRFEACE W T AR PR 200 5, B4 A
AR B ) AR PR PR T IR A 4, Bl S A AR
BIRF B, 0T 22 A e 2 R S D/ i 8 ) A
TER TN 6 AFAL BUA B i, 3] 7 R E3EAE 8 AN
10 4E BTN, 22 BB B E K WA ES £
FEPER LR — B, 22 B B R F K

x3 BUEPAELELFRFAEFER DGGE ZHMIES (H) FHAE(E)

Table 3 Shannon-Weaver(H) and Evenness( E) of bacteria and fungal for bulk and rhizosphere soil

samples estimated by the DGGE bands patterns at flowering stage

el 4T Bacteria HEH Fungal
Treatment ZHEER B H WHEE ZHMESE R H YEEE

RN IE# 2.81+0.10 ¢ 0.83+0.02 ¢ 3.29+0.10 a 0.93£0.01 a
Bulk HAE 2 4 2.99 £0.04 b 0.85 £0.02 be 3.3520.03 a 0.9520.01 a
AR 4 4F 3.17 £0.06 a 0.90 £0.01 a 3.21£0.02 a 0.91+0.03 a

R 6 4 3.21£0.04 a 0.90+0.01 a 3.26+0.08 a 0.91+0.04 a

AR 8 4F 3.0620.07 b 0.90 +0.02 a 3.2220.14 a 0.9120.04 a

HEAE 10 4 3.02+0.06 b 0.87 +0.01 ab 3.30£0.07 a 0.92+0.02 a

PR IE# 2.99 £0.05 ¢ 0.86 £0.02 be 3.47 £0.05 a 0.94+0.03 a
Rhizosphere AR 2 4R 3.17+0.03 b 0.88 +0.01 abe 3.35+0.11 ab 0.92+0.01 a
A 4 4F 3.12+0.07 b 0.88 +0.02 abc 3.28 +0.06 abc 0.92 +0.04 ab

R 6 4 3.05+0.10 ¢ 0.85+0.02 ¢ 3.12+0.09 ¢ 0.88 £0.04 b

AR 8 4F 3.35+0.05 a 0.91£0.04 a 3.2520.11 be 0.91 +0.04 ab

HEAE 10 4 3.170.02 b 0.89 +0.01 ab 3.34+0.02 ab 0.93+0.02 a

2.5 HHEHHNF

PEFE 16 A A X B 5% 1 B B 18S tDNA 1Y
DGGE HLJk 2517 (& 6) #E4T PCR ¥ 3 I &lifk il e,
FEIF S5 5 NCBI A% R 00 1% 7 97 L X 25 23
W 4 Fim, 25 Ab B IH) B 250 f7 A — 8 22 5 F

AR AR AR B R R L1, 12 (16 (L9 L11 Al
L12, 2 J¥ %1 b XF & Bl SN Trichosporon pullulans .
Temellomycete . Phoma sp. . Cladosporium cladosporioi-
des  Trichosporon pullulans . Pullulans cladosporioides F1l

Cyathus striatus ,

F4 LIS 18S rDNA ¥ 17~ DGGE BEif o £HHNFEE
Table 4 Sequencing identification of some bands in the DGGE profile of 18S rDNA amplification products in soil samples

F i R Bz RARIFIZE HARLR Bt
Band Sequence length/bp Closest relative Identity/ % Accession No.
L1 353 Trichosporon pullulans 99 AB001766
12 354 Temellomycete 100 AY379102
L3 384 Ascomycete 99 DQ837573
14 353 Kirschsteiniothelia elaterascus 97 AF053728
L5 357 Pulchromyces fimicola 99 DQ412120
L6 356 Phoma sp. 98 EF532930
L7 358 Cladosporium cladosporioides 99 DQ678004
L8 427 Uncultured eukaryote 94 AY082990
L9 632 Cladosporium cladosporioides 99 DQ678004
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F4(4)
s FEER i BRI HE BHiS
Band Sequence length/bp Closest relative Identity/ % Accession No.
L10 350 Dothideomycete sp. 100 AY275186
L11 431 Trichosporon pullulans 100 AB001766
L12 352 Cyathus striatus 99 AF026617
L13 354 Geomyces pannorum 100 AY129548
L14 356 Dothideomycete sp. 98 AY275186
LI15 361 Guehomyces pullulans 100 AB001766
L16 354 Cryptococcus terreus 100 AB032649
3 i JELAT R R AR B ol A 25 A 2 T 52 W R 2 A

AT 16S tDNA ) DGGE [l 3% % B, + k40
BREVR D 1 2R A W I 22 5 ) AR B A T A e A
BT HIR RS, A R 25 SR By 4
R EEZ N Proteobacterium, & —Fp [H & W ., 21
VFZAEA R 4k B8] 52 B KA B LA AN K A 7B 1Y
S HEDN 2 — 2L AR T AR SR8 AR i S AR
EH A B LR A R BT TR
FEARKHE,

LRI 18S tDNA 1y DGGE [&l 3% 2 B, N [F] b
] — 6 257 LR 2%, 7E— Se b U B T —
BERe S 25l , U0 B 2% Ak B (B) L TR 45 M A AE — 0 22
5o B X F B, Phoma sp. . Cladosporium
cladosporioides TEFEAE 6 4F A& & BB &, M AEH
BRI 5 1 BAR B A 5 Trichosporon pullulans
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