[CGRYEZ

Acta Microbiologica Sinica

2020, 60(11): 24342449
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200021

Research Article IR

AREREDHRERFLIBARTS HFIED
MR, STMT, ARV, KRG, mEE, LRI, 4R

VTR BE, TE BRI 750021

epEREB U E MR AT, st 100101

SIS AR X DA SRR AR 2 R R AR A AU E 5, NS PR DR 021000
PP IR XL B R AR BRI PR RS, )P T 547100

W oAk, B GO0 B AR EE RN, AR B AL AR R R ok By, RIEAR
AW, INZ VSRR R, SO LA e AU A AL 8 & 2k FLBAEINEE, Sl
PR RAIR 90% LA b, AR E A R BRI se ik [ B 1 7R B8 B & 4 5 TR
BERSC R, o3 b DI A )y Rt A i f L SR A0 TR AR AR A i s, SRy SR AR A AL IR SR A
S [ ] A3 N 1 AFEEME TR E R T EZ P (FGI0) . 3 AR AL ™ E A T I (4R
Aty 5 FFAEAR KB AL F R NS ERR R0 K H S8 AR bR R4 13, I md PR
OB T RE A A AT A 22 5o [ 421 | 3 BRI AR A AR 617558 4%, W 3441 HAIT(OTUS)
3077 1~ HKFEM AR R (Proteobacteria i i 22, & 7E 33% A o SR MM, +
1R & R AT ERE S TP AR TR A . MR EC. AN AR . MR E A TRRAL, A E WA,
5 AR D> Hp R T (Actinobacteria) KU BH i34 &2 |, A5 TE T (Proteobacteria) 4% %5 # (Chloroflexi)
FERAF R (Acidobacteria)§8 & W I/, 414y M Be 22 I B AN OU R R T R 25 e
R REMIC, [ 450 ] Wt IR 4 E s | IR R A, ARSI L, S8 AE
PRI Ko Horbr, AT RE 0 1 B UE MR A AR A FEAIE TR .

KA. moE ANy, SR, REE, MY SRR

TR R RRAEY), WS A EZ SRE R ENR, NG DR R
PR AR Y 30%F0 40%. ITAER, BEAE  RUBTRLEE AN, ARl AL FIAL AL

LW H: IWEEERHEHT H(Q2018CXCC0303); Hr S/ Bk S e NERHIF 55 H (2017YFD0200708); 7 & A1 75 H 14
DX AT A TTRI(2018BBF02021) 5 [EI5K A AR A1 42(31601622)

"BE1EE . E-mail: nqzhong@im.ac.cn

YrFS B HE: 2020-01-08; fE£E HHER: 2020-04-22; M4HRHEL: 2020-07-02



REMORESE | A M4, 2020, 60(11)

2435

JE R R, IR 2SR AR, Iz
(TR S e SN S S
ke, BIEESIEDGAL, AN EZAE N,
e i RPN S i S

APyt LR RSy, TEIE A W)
Jo A 5 R0 A AR K kB TP R R AR
JYSY, H s Ve R T SO TR S R 1Y
AR AL R DUTE — 5 B b B e 4 38 o i Y A2 A
ST w3 A P T 1 T ECE T BT T 4%
(¥ DNA JPAI™, 8 Z R TiEK, LmE
WU IR ST R AR M R W Z R S BT, M 2
IR 49, A B JBF OTU JKF
R T

FURIT, 8 P e e 0 5 AR ) B 4% 8 R ok
YRS E I IR O — S E T, (A2
FAEA R R T 3 SRS IREETS et iR R A 0
1% T AL T e A S T A R P A5 R I A S
WHRAZ . EF WA R BT AL I I — P AR
3 AR R BRI | BN SE LA E M TR
WS A 1 AR, RS BIAER R A A 5
NS IS DURK BIREEHIR Y B E 5 4
T, REBEAE . TR 3 e i Lo
A ZESE, T BN B I AR PR AR
A P BORXS L T 3 2R A AR
PIFhEL, ZHE. MEREEE . AR ZERE,
Nl A 0 A 25 R <3 ) 0 T )R 9 45 ) 22
5, A E AR SR A

1 AR

1.1 HERRE
K H 5 A3 A T R B IR X7 B
£ 105.70°, dt4 35.97°, 10 A 3 HUR). wdt

BTEEE Y S (R 114.89°, Jb4i 41.52°, 9 J
27 BTN G o BB XIS DR TTHERLR X
(R4 119.74°, Jb4h 49.21°, 10 A 11 Hkgk), H
B, PURARERAIR 5 °C, FEK 2 410 mm (L
KRR 2 230 mm); WIEAR-F-E< 2.4 °C,
FE7K 2 426 mm (AKZEREK RS 226 mm); W7
IRAEES IR A2 °C -1 °C, FR/KEZ)h 351 mm
CERK [ E 2 228 mm), T 451 H 48 EIOH AT
1 FERAEH B IR 20 em b EIUTAR PR 4 3004743
BT, 9 SR NS ER 43 AR AR 3 2P AT RE A
G55 A1, A2, A3; Bl, B2, B3; Cl,
C2. C3),

LR BEWOR G Ge it AR TE DL o SN 3 4 4%
PRifE: O -E R R, TOAREE; 1 M- BEm AR
BRZE BOE AR 0-1/6; 2 F-R BRI ALY 1/6-1/3; 3
PR BEH AL A 1/3-1/2;4 BIRBEmAR &5 12 LU L
FRSE P MBRIE: 0 - AR 1 G- BT AN
d B 25 BT R 0-1/205 2 2% -0 BE IR
1/20-1/10; 3 H-RBEHF G 1/10-1/4; 4 H-HRHE
AR 1/4-1/25 5 BRI & 1/2 DL,

(%)= KR ZEH A A R ZEH0< 1005
a1 18 BL=2 (45 3 IR ZE RO BB ERAE)/ (4
A A B < i = i 280 < 100,

THEVETH R MR RS 1, S EEME 14,
FH [R) A AR AR & AR A, (ER R i o ¥
JETh UERAE T @ BT S +, RS 3 AR AR,
S L ERT 30%, WIETREORT 13; HBiE
WEFFERT 50%, WIEHERKT 13.5. W5
MEhr R RAE B R ) 1, /N RS-/ N A -1
S5 AERRAE, MBI AR E I AL E

3 2 R A A R GIE , 1 S Bk
Jiti BE 155 190

http://journals.im.ac.cn/actamicrocn



2436 Minzi Xiong et al. | Acta Microbiologica Sinica, 2020, 60(11)

F 1. FRREKXKHEERFERE
Fertilization situation in different test fields
N-P-K

Table 1.

Name

Test location Sample No. Dosage/(t/ha) Manufacturer

Xiji Al. A2, A3 Special fertilizer for potato  15:17:24 0.600 Stanley Dangyang Limited
Carbamide N>46% 0.075 Ningxia Luxi Chemical Fertilizer Company
(NH,4),PO, 15:42:0 0.075 Yunnan Yuntianhua Company Limited
Guyuan B1. B2. B3 Sakefu compound fertilizer 12:19:16 0.750 China-Arab Chemical Fertilizer Company
KH,PO, 0:52:34 0.225 Guizhou Kai Lin Fertilizer Company
(NH4),PO, 15:42:0 0.225 Yunnan Yuntianhua Company Limited
Carbamide N>46% 0.225 Ningxia Luxi Chemical Fertilizer Company
Hailar Cl, C2. C3 K,S0, 15:15:15 0.698 China-Arab Chemical Fertilizer Company
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Table 2. Basic physical and chemical properties of soil samples in different regions
Test location pH SOM/(g/kg) TN/(g/kg)  TP/(g/kg) TK/(g/kg) AN/(mg/kg)  AP/(mg/kg) AK/(mg/kg)
Xiji 8.2 13.50 0.90 0.77 18.4 54.6 15.3 187
Guyuan 7.2 9.85 0.70 0.32 23.2 47.7 31.6 164
Hailar 7.8 41.8 2.31 0.71 23.1 189.0 54.3 312
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R3. TRHEMAY o ZHMEEY

Table 3. Alpha diversity index of different samples
Alpha A B C
OTUs 139.333+11.930 148.667+9.539 160.667+10.214
Shannon 8.851+0.109 7.860+0.258 8.915+0.146
Simpson 0.993+0.002 0.975+0.001 0.994+0.001
Chaol 1761.135+£153.205 1433.035+148.747 1979.203+171.137
ACE 1767.951+154.973 1438.257+148.228 1998.977+163.566
Coverage 0.991+0.003 0.992+0.001 0.988+0.003
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Figure 1.

Distribution of microflora in different classifications of different soil samples (Top 10).
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Distribution of microflora in different families among different samples (Top 10).

AP OB A 2 B FE R 30 AYZH A 4o o B 4
RER(E 4). ¥4 B W Sphingomonas (A 5.69% .
B 12.97%. C 2.57%). Pedobacter (A 1.18%. B
3.29%. C0.37%). Delftia (A 0.05%. B 1.62% ., C
0.06%) . Pelomonas (A 0.02% . B 1.37%. C 0.04%).
Phyllobacterium (A 0.09%. B 1.33%. C 0.27%).
Nocardioides (A 0.75% . B 2.34% . C 0.62%).
Aeromicrobium (A 0.77%. B 1.97%. C 0.62%).
Mycobacterium (A 0.15%. B 1.26%. C 0.55%).
Gemmatimonas (A 0.91%. B 1.85%. C 0.87%).
Massilia (A 0.62% . B 1.74%. C 0.33%). Kribbella
(A0.56%. B 0.96%. C0.39%). Hymenobacter (A
0.27%.B 1.16% . C 0.05%) . Phycicoccus (A 0.25% .
B 1.28% . C 0.16%)#1 Ralstonia (A 0.01% . B
0.06%. C 0.02%)14 NEFTSAmE T AL C
2 YHFEN, T Skermanella (A 1.55%. B 0.38%. C
0.78%) . unidentified Acidobacteria (A 2.33%. B
0.40%. C 0.91%) . Haliangium (A 1.01%. B 0.23%.
C 1.74%). unidentified Nitrospiraceae (A 0.32% .
B 0.10%. C 1.15%)1 Bacillus (A 0.51%. B 0.65%.
C 1.35%) 5 MR RN 4558 .
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Figure 4. Analysis of differences in bacterial components between samples (Top 30).
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Figure 6. UnWeighted UniFrac analysis between

samples.
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Skermanella 5 . 3% \FAHE , Gaiella .Angustibacter .
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Phycicoccus Fl Hymenobacter 523 TAHK; 4 4>
J& 5 AR S R R E A, Hoh Haliangium
Bacillus 1 unidentified Nitrospiraceae 5 . 3 1E 41
K, Roseomonas £ RFEMAK; 5 @5 LiES
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Table 4. Relationship between bacterial diversity and environmental factors (genus level)

Genus SOM TN TP TK AN AP AK
Gaiella —0.480 —0.488 —0.915%* 0.531 —0.432 —0.016 -0.511
Angustibacter -0.310 —0.318 —0.873%* 0.639 —0.259 0.154 —0.344
Jatrophihabitans -0.515 —0.522 —0.898%** 0.482 —0.469 —0.065 —0.545
Roseomonas —0.725% —0.730%* —0.817%* 0.208 —0.691* —0.352 —0.746*
unidentified_Chloroflexi 0.357 0.365 0.910** —0.637 0.305 —0.125 0.390
unidentified_Dehalococcoidia 0.618 0.625 0.938%** -0.431 0.572 0.159 0.647
Sphingomonas —0.449 —0.452 -0.521 0.144 —0.427 -0.210 —0.462
Delftia —0.287 -0.291 —0.491 0.259 —-0.261 —0.041 —0.303
Pelomonas —0.284 —0.288 —0.494 0.264 —-0.259 —0.037 —-0.301
Phyllobacterium -0.223 —0.227 —0.474 0.298 —0.197 0.022 —0.240
unidentified_Acidobacteria —0.076 —0.068 0.760%* —0.868** —0.132 —0.532 —0.040
Haliangium 0.809%* 0.812%* 0.679* 0.012 0.787* 0.526 0.821**
Nocardioides -0.512 —0.518 —0.836%* 0.419 -0.470 —0.098 —0.538
Aeromicrobium —0.452 —0.457 -0.715* 0.346 -0.416 —0.100 -0.474
Skermanella 0.056 0.064 0.745% —0.733* 0.005 —0.370 0.089
Bacillus 0.887** 0.886** 0.344 0.436 0.891%* 0.812%* 0.882%*
Mycobacterium —0.036 —0.042 —0.578 0.576 0.003 0.296 —0.062
Gemmatimonas —0.306 -0.312 —0.669* 0.429 —0.269 0.040 —0.330
Ralstonia -0.281 —0.285 —0.493 0.265 —0.256 —0.034 —0.298
Massilia —0.664 -0.670* —0.861%* 0.308 —0.625 —0.257 —0.689*
unidentified_Nitrospiraceae 0.869** 0.870** 0.512 0.243 0.861%** 0.693* 0.872%*
Phycicoccus —0.566 -0.573 —0.889%** 0.426 —0.522 -0.129 —0.594
Kribbella -0.289 —0.291 -0.304 0.060 —0.277 —0.153 —0.296
Hymenobacter —0.642 —0.648 —0.808** 0.273 —0.606 -0.262 —0.665

*: Indicates that the correlation reaches a significant level (P<0.05); **: Significantly significant correlation level (P<0.01).
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79.0%) . B % W R
(Streptomyces) , 114 J& (Arthrobacter) . ZLERH &
(Rhodococcus, Rhodococcus fascians 5 33.2%).
Horh R A IR B AR TP AR IR R . T
TR | ZLEKR R I S BRI A C2 A%,

Ralstonia insidiosa 5

# 6 HI AR AL HER ) A A R B O A
HA — 2 5 YU A FH A9 A AR PR A 45 40 14 (Plant
growth-promoting rhizobacteria, f#j#X PGPR),
=AU 28 AT B #Y BE 45 28 AT B (Bacillus
coagulans)i5i 3.1% . & B ZF AT B (Bacillus simplex)
5 80.7% . B T JE B4 28 7 A A A M TR
(Pseudomonas pseudoalcaligenes)i 7.3%. IR ar1E
B & (Pseudomonas vancouverensis) i 21.1% .
AT W )8 (Flavobacterium) . 18 4= R 8 H &
(Bradyrhizobium) . it & J&(Thiobacillus). HHr,
VPR L AERE LG PGPR 41 b B0 B S 55 v 75
TSR 22 o U2 JRF 187 i A0 {1 2P T s 1
BRFELZLT A B2 AN BTREMAET C
HEESL . Flavobacterium 1 Bradyrhizobium {EAE
dh A FIECR R /D T B C2 A .

Bt Z Ah, A C AR A AE K
Rhodanobacter lindaniclasticus Fl Terrimonas. £ 3
TRFR I 17 BEAT LA AT LR 25 RN AEA ALY
Qe R E AR TA LS & R h
ERBE AR T C 4R S A - HERRBE AR

5. DRMO HE#BE*®

Table 5. DRMO bacterial count table

Sample Ralstonia Streptomyces Arthrobacter Rhodococcus
A 9 474 11 105

B 753 397 100 851

C 29 497 3 138

% 6. PGPRAHFEHBE R

Table 6. PGPR bacterial count table
Sample  Bacillus Pseudomonas Flavobacterium Azotobacter Bradyrhizobium Thiobacillus
A 644 831 668 0 376 0
B 651 500 1329 10 1630 0
C 1861 2363 1494 1 1709 44
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LR EPA, TAE IR AR F A I o 7
PO FIN ST IR ACRAE IR 2 f5 754, HZ4E
EME, SEOLMELCE . S0, FREEEY
A AR, RIS 2, R R
FRAT T WS /b, AR B 2 TR B I, o [ 4
PR (S TR AE BB IR 22 0 7 PG R 1 4R
AR, BRI I T (B v T ) B0 I R I Y g
Z, (BHARPrti A2 W R b o Iesh, WE5E
T B AT 5 A 5 A TR A TR A A AR AR G R A
EIR

3 Wit

TERWE . NSRRI AL IR 3 JeR
FEH & AL 7 X, 2o A 2BV XA T Rl
FIARHUEY, AR AT, H R ER
TAREE ENEOR AN . AT A LB, =& FHIX
BIAE T R T SO AC B . oAb, W BORAE Y
RAEHEA A 775 SRR X S 4% AR A A ™
AL TR, e = A HER)T , E 4™ EE R £
el A TR AR 5 AR DLRAR B - b B
Ful, REFRAEER, JItE/DN, R R AR
Wi TEIEERME 1 ARREH, RICEBN, BR
S B B R ARSI OR WA . A HGE
PR, A% 1 £ R R R R Ay 2U s AR OGP
NG, ASCULER 3 ANEH AR R,
ZRAT M T AN TR AR S AR 5 2NAE IR Z A A A
HRFR. BIRREHAMIEEGT, H A3 B 5
i B 22 5 TG BE 23 RO WA A FEAS A TR AR LN, X
LERII BT —RE R, B[R] — SR FH O3 S i
BOWMZE T 3 AFATREdh, BAZRIAEZE 520N
APEEESE ; HASIEAIN R A BRI R, R AR
ARG AR AR IS AL, AT L, AR SCOr A S

REA — RN, B o A B A A S5 i 3T
5F 2 R 5 =X 5 98 e 1 3 AR DG 1, T
A P R A 4

I v A 0 5 R R A A 0 4 R 22 B
I 16S tDNA J741], B4 Rk 22 1w FH T i
FEAH ) A - HE B 5 vp A W Y T 5 AL RN 2 A
PEo DHE B E T AN LA E, H A
TeB Rt o3 35 i A 24 50 S A, (HE A
— S EEF SRR T A R RSB E R,
UEARE SR FRATT I 4 [ 25 2 )™ DX R0 K HH o g 5
FIAETE H 80 AR i 5 2 T LA F5UCR 10 4
B, JF R BRI T & 1 52 G D RE R A T
FRIE, ARG T RIFIBTERCR, T EREX T
LT A IR PURSCR B R D . T, AR SOREG
T R B TR 20 TR R 5 4 28 A 5 0 e A= A
KA R T PG L LT IR R A S
IR 3 A O H S BARPR 317 i
N FE BT R, Eh AR IR = A 1Y) LA
HRORCER R0 S T o e i3 2 AT T | SRS T
PRAT TR S b e — B R AE, X — S5 R S5 HEN
fAEPY | byl RSP SRR, AT T —
SETE A )z N TR RE PR IERE
PR Tl KA BRI Z 75 Ye W R A 0
Hrp 8- AN Deltaproteobacteria % T3 H]
A PR R B BRI ER A i A R Y
ZRATE TR T Al E DS A T A Re i, 7R
P AR KL A 39 AR R 3 R T GA 10% P2, R
¥ Acidobacteria 4R B E9—1 1400, 7+
HEANTA T o5 AR R, — VB R SRR AR MR

GrRTRFT KT 22 5 AL T Topl0 Y4
BB, AR Y A A v AR i TR R
Mo ow oW R

Sphingomonadaceae
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Burkholderiaceae 4T Pt o5 40 57 2 Akt M H 2,
FORFT# o oS, iR M Rk 4 1 el
I EIGACE VI A VIRERR = — TR B4 N
AYITRIR, 1EE BRI R AL TR, X
A RE ST PR OR S F A B 5. e
PR RAR S S s , S )
R A AR 7 R R K A R X R

DRMO iR, 7E 1480 ™ H & A
AR R, R (B TER) BRI R 2 . K
H M S R R & (Ralstonia insidiosa)F&— Fp HiL 7Y
FIAN P T E, ArAESE T, Rl A 1 R A
PEARRHR, ARFEYIARBH S, Sl 2 E =
ZVAEYRR , PRI K s i LIRS
J& 4l B (Rhodococcus fascians), &7 9 5.4 LR
(Sweetpea fasciansdowson)AU BRI ", 541 8
A LE R BAT —E R IR RE ), HRZ HA R
Wtk , AR Arthrobacter ilicis WS FEGE"
FATE T 2017 AR ML IS i = & FH (B 21
T At SR 1) 180 25 0 3] 1 U e i 2 A
B P45 R b R s i, 4D AT AR 5 B AL
P oe e B A K

FEN, AEIEE R AR RIRE AL T PGPR 2
PR A P 2 PR, b 2R AU TR E A RO L
PRI, L SYmiE . SR KRR
AN AL, TR . S E Y,
e A A bL 9k ] W ( Fusarium) . B A
( Aspergillus) . 22} F (Rhizoctonia) . & ¥i'sE 75
(Streptomyces scabies)% Z T Y & #2254
HHEBEGIRE AN . A, HX %
RN AT — & RSHURCRPY s BELS ZEIRAT B ALAF
T C dAMEm, BRRIFMBUEH, HSEDH
o3 B D AE OGO IR T S 1% 2 AR P R 2
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B HEORTE, e AR s A e 240 IR
AR B A — i MR RE T, DK R
SHEE LA W VAL Pl A B R A 55, AT R A Bk A
K S I (Flavobacterium) FLAT B0 1 Ak W E
JIY MR R R WL PGPR 4NEH, BRI
ez BTN ERE SIS0, A AR AT AR
M, AR WA AE T C ARER P, X —3%
K 2 BLA fRmi e

b A9 o e 2 A R R R 4 R A
PrFhF o B BTRRAR, A E BN, 2R
AR DR, EAE S ) 2H 43 AR i 25 5 0 2 B 4
WO R E T H K25 e & i,
WA VT 8 e TRk o 5 i) - G R VR A5 R AR Ak
REEMICE . I S E R R RS
ok, GREAERKLTEIRPXIETE K ERK,
2 R 3Bl SRR A T, T e A D A X R A
FET s, X2 AR S PR B 52 M ] i S R i
%, HARERIEA RS RARR ., 48
A ARV T K 0T it P R 39 8 — i P F A 2
SRIRFRACHE Y ZREE , R PR RO ;
11 LA AL TS ISR B . PR AR R
YIR ISR RER R I B, o2s + Y
SRR, A SR E AR, BRI
WErM, LAt AT R R, R
o D A B R L RS A e R R R e
Hh, ARSI RETT AR R4y, Bt e
TRk, DD R AR, R 3R T G A K R
HRAFI A0 REDGHE ST K B 1
AR, RN B Bt
38 20 TR B VR 45 M 1) B 28 1 33 Tk DY A A Ak
B AR . A PR SR A& pH, JHH pH Al
SAPR S RN, X 5N SRR
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A RE -5 HORE i A T DA 5%
gi b, it A AE R R AR A S B A

SHBEHALEFOGAL, AF TR 2B R A
K, — 2o 5 IR AFAE RS VU R I A i AR R 2252
P —E R B AR, S T SO0 B I R AR R
F 2k . Ik, FefpEre . SHEAL, o
REMRBARAE T, ks LSRR E Y 45k,
A A T A, R T S AR T R
Ko

Z % X W

(1]

(2]

(3]

(4]

[5]

Tu Y, Yang WY, Liu WG, Yong TW, Jiang LQ, Wang XC. Effects
of different intercropping years of soybean and flue-cured tobacco
on the rhizosphere soil microbe. Acta Agronomica Sinica, 2015,
41(5): 733—742. (in Chinese)

WO, BOCEE, X TE, RS, TLER, £/ME. KE585%
S R B4 FR AT AR BR S S A M B 2. AR 23R,
2015, 41(5): 733-742.

Zhong NQ, Li D, Ren YY, Liu N, Zhao P. Precise poverty
alleviation aided by modern agriculture technology—Practice and
inspiration from IMCAS’s actions on promoting potato industry
in poverty regions. Bulletin of the Chinese Academy of Sciences,
2019, 34(3): 349-356, 244. (in Chinese)

s, A, ARRRE, X7, B, SRR ) B
FP RS I —— P B A B A M P S A
TR SRR, EBEEBEBE T, 2019, 34(3): 349-356,
244,

Zhong NQ, Liu N, Zhao P, Cai DQ, Song SW, Chao YP. Current
status and challenges for potato chemical fertilizer & pesticide
reductions in China. Chinese Science Bulletin, 2018, 63(17):
1693-1702. (in Chinese)

TE3E, X7, B, R4, AU, SN, S
A0 I8 A 24 93t 1 IR 5 Bk . BEAF i, 2018, 63(17):
1693-1702.

Larkin RP. Characterization of soil microbial communities
under different potato cropping systems by microbial
population dynamics, substrate utilization, and fatty acid
profiles. Soil Biology and Biochemistry, 2003, 35(11):
1451-1466.

Qin Y, Ma K, Liu P. Effect of potato continuous cropping on

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

genetic diversity of soil microorganisms. Chinese Journal of
Eco-Agriculture, 2015, 23(2): 225-232. (in Chinese)

e, EhER, XU B ENEARRIE N LR Y 2 R
W, o E A AR 2=, 2015, 23(2): 225-232.
VEOHE, S km. MAEMARS. Bal RERE R,
1991: 127-128.

Li Z, Yuan Y, Ma L, Tang QM, Zou L. Effects of different
and distribution of soil

rotations on the amount

microorganisms in Mudanjiang tobacco-cropping areas.
Journal of Northeast Forestry University, 2010, 38(7):
96-99. (in Chinese)

Zety, JulF, Sy, JHERW, ARFT. A [EFSAE I 200 4
L b DX FH - S A B e A A . ZRAE ARl R
2F23Rk, 2010, 38(7): 96-99.

Schuster SC. Next-generation sequencing transforms today’s
biology. Nature Methods, 2008, 5(1): 16—18.

Qin N, Li DF, Yang RJ. Next-generation sequencing
technologies and the application in microbiology-a review.
Acta Microbiologica Sinica, 2011, 51(4): 445-457. (in
Chinese)

Zef, SRS, BImA. miE R ROR R Y
WRFE PRI, AP AR, 2011, 51(4): 445-457.

Modahl CM, Durban J, Mackessy SP. Exploring toxin
evolution: Venom protein transcript sequencing and
transcriptome-guided high-throughput proteomics//Priel A.
Snake and Spider Toxins. Methods in Molecular Biology.
New York: Humana, 2020, 2068: 97—-127.

Adamopoulos PG, Tsiakanikas P, Kontos CK, Panagiotou A,
Vassilacopoulou D, Scorilas A. Identification of novel
alternative splice variants of the human L-DOPA
decarboxylase (DDC) gene in human cancer cells, using
high-throughput sequencing approaches. Gene, 2019, 719:
144075.

Xia WW, Jia ZJ. Comparative analysis of soil microbial
by pyrosequencing and DGGE. Acta

2014, 54(12): 1489-1499. (in

communities
Microbiologica Sinica,
Chinese)

HFIFE, SR, @ &5 1 DGGE 404 Ltk Wi
TENH RN, WUEYIZR, 2014, 54(12): 1489-1499.
Lou J, Liu Y, Li Y. Review of high-throughput sequencing
techniques in studies of soil microbial diversity. Chinese
Agricultural Science Bulletin, 2014, 30(15): 256-260. (in
Chinese)

PEBR, MIE, AS5E. il i RORTE LI RUE Y 2R

http://journals.im.ac.cn/actamicrocn



2446

Minzi Xiong et al. | Acta Microbiologica Sinica, 2020, 60(11)

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

WE 5T o B B 5T E R . [ e 2% GE e, 2014, 30(15):
256-260.

Li XZ, Rui JP, Mao YJ, Yannarell A, Mackie R. Dynamics of
the bacterial community structure in the rhizosphere of a
maize cultivar. Soil Biology and Biochemistry, 2014, 68:
392-401.

Chen DM, Duan YQ, Yang YH, Jin Y, Huang JG, Yuan L.
Effects of long-term fertilization on flue-cured tobacco soil
nutrients and microorganisms community structure. Scientia
Agricultura Sinica, 2014, 47(17): 3424-3433. (in Chinese)
PRFhAg, Bk, fpaar, HH, mEE, . KIE
JIES Yo LA - S 5 O B Sl W RE R S R s . b AR
Bl2#, 2014, 47(17): 3424-3433.

Clegg CD, Ritz K, Griffiths BS. Direct extraction of
microbial community DNA from humified upland soils.
Letters in Applied Microbiology, 1997, 25(1): 30-33.
Grodetskii YA, Dukarevich YE, Ivanov YM, Sinitsyn AS. A
new generation of precision absolute angle-data transmitters.
Measurement Techniques, 2012, 55(9): 1005-1011.

Chen Y, Wu C, Li CB, Lin YC, Cheng JZ, Pan WJ. Effect of
biochar-based fertilizer on bacterial and fungal community
composition, diversity in tobacco-planting yellow soil. Acta
Microbiologica Sinica, 60(4): 653-666. (in Chinese)

PRk, RE, R, A&, BET, XK. RIEL
SRR BN T | BTV S R A 2 R R . R
224, 60(4): 653-666.

Tan XL, Guo XD, Ma MS, Liu GY, Zhang PL, Lv JF, Guo
TW. Effects of continuous cropping on soil microflora and
yield of potato. Acta Agriculturae Nucleatae Sinica, 2012,
26(9): 1322-1325, 1321. (in Chinese)

W, b4, DA, XIEak, kPR, BEE, 9
RIC. AR D3 T IRMA Y X R R AR, R
274k, 2012, 26(9): 1322-1325, 1321.

Zhang GQ, Zhao P, Dong YX, Wu DB, Zheng WP, Zhan H,
Chao YP, Zhong NQ. Effects of a novel fertilizer synergist
on fungi diversity soil.
Microbiology China, 2017, 44(11): 2644-2651. (in Chinese)
KT, By, HEE, KRB, B4, £, 2w,
T AW I T 43 BT B ORI R 1 S50 % T 44 AR PR
THERZ RN, YR, 2017, 44(11):
2644-2651.

Jin L, Zhou ML, Wang LL, Liu KZ, Wang LZ. Differences

from potato rhizosphere

of microbial structure and composition in goat rumens with

actamicro@im.ac.cn

[22]

[23]

[24]

[25]

[26]

[27]

(28]

different energy metabolism efficiency. Microbiology China,
2018, 45(1): 91-101. (in Chinese)

G, FEm, R, X8, E& ARG
R B A A S AR 2 S MUEYE
i, 2018, 45(1): 91-101.

Jaroszuk-Sciset J, Kurek E. Hydrolysis of fungal and plant
cell walls by enzymatic complexes from cultures of
Fusarium isolates with different aggressiveness to rye
(Secale cereale). Archives of Microbiology, 2012, 194(8):
653-665.

Feng J. Recent advances in taxonomy of plant pathogenic
bacteria. Scientia Sinica, 2017, 50(12):
2305-2314. (in Chinese)

. AEY AN T o OB E I R EROE AL, 2017,
50(12): 2305-2314.

Zhang HY, Li M, Qiu XH. Advances in biodegradation of

Agricultura

organochlorine insecticide, y-HCH. Microbiology China,
2007, 34(5): 965-969. (in Chinese).

ke, M, BRAUE. FEAMEANLIS Y SN AEY
FEARAT I . A 2% e, 2007, 34(5): 965-969.

Yuan RQ, Niu YD, Wang P, Wang SQ. Effects of the Yellow
River diversion on microbial communities in sediments of
the receiving reach. Acta Scientiae Circumstantiae, 2019,
39(2): 499-508. (in Chinese).

whnuR, A-Rmy, EWS, EALEE 51ROk Bl iR
AR BOSZNE . FRIERLA 244, 2019, 39(2): 499-508.

Chen LH, Chang YJ, Wang CC, Shao XH, Ma CY, Xu MX,
Wang DS. Population, toxicity and pathogenicity of
Fusarium oxysporum 1in continuously cropped soil of
Artemisia selengens with or without Fusarium wilt. Chinese
Journal of Applied and Environmental Biology, 2015, 21(2):
228-233. (in Chinese)

BRarAe, # L%, TRE, mFE, DB, mE, £
ARTb. R AR A A 7 A 25 0 L M 1 SR A Wik T T
o U EERe SV RIEOR 1. S SR A M, 2015,
21(2): 228-233.

Cui X, Xu YX, Liu JJ, Guo ZK, Wang GH. Advances of
Bacillus application in agriculture: A review. Soil and Crops,
2019, 8(1): 32—42. (in Chinese)

FEWE, TRHOEE, XV, WIRZE, Eofe. ZEAUMT i fE K
b A== R . E3ES7EY, 2019, 8(1): 32-42.

Cui BJ, Gao F, Hu C, Li ZY, Fan XY, Cui EP. Effects of

different reclaimed water irrigation methods on bacterial



REMORESE | A M4, 2020, 60(11)

2447

[29]

[30]

(31]

(32]

[33]

community diversity and pathogen abundance in
soil-capsicum system. Environmental Science, 2019, 40(11):
5151-5163. (in Chinese)

T, mlE, I8, 2P, S, B AR
A K 5 % S - BRORUER Gt v A0 B R 9 2 R R T
HEE R, BRI, 2019, 40(11): 5151-5163.

Yang SD, Guo S, Ren KY, Pang SC, Zhang CJ, Wang SS,
Tan HW. Soil biological properties and bacterial community
structures in rhizosphere soil of canes infected and
non-infected by ratoon stunting disease. Journal of Plant
Nutrition and Fertilizers, 2019, 25(6): 910-916. (in Chinese)
WA, SR, AEZEm, PEURER, skAeuE, EOhb, R
5. H R G AR AL 0 RO 5 AR S AR AR B R S A 2
ARL W IR SSHRRAE. HE B IR SRR AR, 2019,
25(6): 910-916.

Pu SY, Zhang XL, Jiang TJ, Gao BD. Metagenomics
research and its applications in virus detection. Acta
Biophysica Sinica, 2014, 30(1): 3—14. (in Chinese)

WA, SRS, WKL, mdbik. ZILEH AW 5
T LA ARG T i . A B2 4, 2014, 30(1):
3-14.

Ge YL, Liu ZL, Chen L, Luo L. Screening and identification
of marine actinomycetes for biocontrol on Rhizoctonia
cerealis. Agrochemicals, 2018, 57(2): 111-113, 136. (in
Chinese)

BES, XRR, BR¥E, P22 /INEQURRG AL B i ik
R e 5 % . fk2h, 2018, 57(2): 111-113, 136.

Zhang S, Zhang YJ, Zhao Y, Zhang YH, Hu Q, Jing YL, Fu J.

Effects of rice straw biochar prepared at different pyrolysis
temperatures on carbon sequestration and mitigation and
microbial community structure in paddy soil. Jiangsu
Journal of Agricultural Sciences, 2019, 35(5): 1102-1111.
(in Chinese)

e, TRIRTE, BIE, WKER, W, R, fFE. AF
TR T A 108 7K R G R A 0 o % e P 3 I s el HE B 1R
W REVE S5 S . YT PR R b 2= 4, 2019, 35(5):
1102-1111.

Wang GH, Liu JJ, Yu ZH, Wang XZ, Jin J, Liu XB. Research
progress of acidobacteria ecology in soils. Biotechnology
Bulletin, 2016, 32(2): 14-20. (in Chinese)

EoAE, XA, THE, £HE, &8, Xk, 15
BR AT T DA T A S T SR k. A W E R GE 4R, 2016,
32(2): 14-20.

[34]

[35]

[36]

[37]

[38]

[39]

Ding SL, Xue S, Liu GB. Effects of fertilization on soil
enzyme activities and water-soluble organic carbon and
nitrogen content in farmland on Hilly Loess Plateau. Journal
of Agro-Environment Science, 2015, 34(11): 2146-2154. (in
Chinese)

TR, EEE, XVEMK. fEICA X2 1 ke XA H 15
it % P AR VA HURK . RS2 . Rl PR R 2 AR 4
2015, 34(11): 2146-2154.

Salanoubat M, Genin S, Artiguenave F, Gouzy J, Mangenot S,
Arlat M, Billault A, Brottier P, Camus JC, Cattolico L, Chandler
M, Choisne N, Claudel-Renard C, Cunnac S, Demange N, Gaspin
C, Lavie M, Moisan A, Robert C, Saurin W, Schiex T, Siguier P,
Thébault P, Whalen M, Wincker P, Levy M, Weissenbach J,
Boucher CA. Genome sequence of the plant pathogen Ralstonia
solanacearum. Nature, 2002, 415(6871): 497-502.

Qiu ZB, Wang R, Zhang Y, Wu Q, Xie BJ, Yang JF, Chen JG,
Sun ZD. Recent progress in studies of Rhodococcus and its
application of in biodegradation. Food Science, 2016, 37(7):
254-258. (in Chinese)

BRECIE, IR, KA, R, WER, BEIF, BN P
Bk LLERGE ML A YRR AR RS . 'R,
2016, 37(7): 254-258.

Zhen YG, Chen X, Pu GH, Zhao W, Qin GX, Wang T, Wang
XL, Zhang XF. Effects of the combination of Aspergillus
oryzae culture and yeast culture on the diversity of rumen
flora in sheep. Chinese Journal of Animal Science, 2018,
54(6): 96-100. (in Chinese)

HEME, RS, AU, B, #5HE, £k, ERE, K
SO B R S R B R ) A X AR R T R
ZREMER M. E F AR AR, 2018, 54(6): 96-100.

Yang DQ, Zhou CF, Huang LW, Zhang XX, Wang LF, Liu J,
Zhang WIJ, Lian PK. Research progress of endophytic
Bacillus on plant growth and disease control. Journal of
Anhui  Agricultural Sciences, 2020, 48(4): 11-14. (in
Chinese)

Wik, ML, Wk, kb, EE, XE, 5k
i, R A AT O R AR A B B A
R, ERI B, 2020, 48(4): 11-14.

Yang WP, Ding YQ, Ma MK, Xiao LL, Chen WG, Zhang
YW. Isolation and identification of cellulolytic bacteria from
animal feces. Acta Ecologae Animalis Domastici, 2019,
40(2): 75-79, 85. (in Chinese)

W, TR, DA, BRI, BRITOL, SKMESC. 3

http://journals.im.ac.cn/actamicrocn



2448

Minzi Xiong et al. | Acta Microbiologica Sinica, 2020, 60(11)

[40]

[41]

[42]

[43]

[44]

Wy ZE AT v 2T 4k 2K 00 i TR O3 B A S
2019, 40(2): 75-79, 85.

Yan T, Zhu JG, Jiang T, Chen KK, Fang SG. Isolation and
optimization on of Bacillus
coagulans. Microbiology China, 2018, 45(2): 238-249. (in
Chinese)

JEV, REE, LA, BRI, RO, —HREELS HIEFT
T 114 43 79 0 08 B 7 A 2k MR AR AL . AR W 2 E R, 2018,
45(2): 238-249.

Yi HX, Zhang J, Hou RT, Wang JD, Yang ZR. Isolation and

REES

iz,

iz

spore-forming conditions

identification of a chitinase-producing bacterium and its
synergistic effect on locust biocontrol. Plant Protection,
2004, 30(2): 37-41. (in Chinese)

TR, kA, BEEY, FER, Bk —HJLT R
A Y A B S R OHOR AR AL R DR, 2004,
30(2): 37-41.

Qiao TM, Li SJ, Han S, Zhu TH, Wang SS. The
phosphate-solubilizing ability and growth promoting effects
of Pseudomonas vancouverensis strain PAN4 on walnut.
Journal of South China Agricultural University, 2015, 36(5):
117-124. (in Chinese)

WEREL, BT, wE, RE, ERIL. R AR
T R PAN4 SR8 RE 1 B X Bk A2 AR T ARl
2R, 2015, 36(5): 117-124.

Zhang DZ, Wen JY, Zhou WC, Wu XY. Hospital infection
and multidrug resistance of Flavobacterium: characteristics
and analysis. Chinese Journal of Nosocomiology, 2009,
19(15): 2040-2043. (in Chinese)

SRAEL, MR, I SCHE, RBEME. WA R R BERYR
TS Z M504, h AR E B4Rk, 2009, 19(15):
2040-2043.

Gao P, Li F, Guo YE, Duan TY. Advances in AM fungi and
rhizobium to control plant fungal diseases. Acta Agrestia
Sinica, 2017, 25(2): 236-242. (in Chinese)

TR, ZE0Y, PRIk, BUEE. MR LU R 1 B
0 YD LR A SR R R . BLHLAE R, 2017, 25(2):

actamicro@im.ac.cn

[45]

[46]

[47]

(48]

[49]

[50]

[51]

236-242.
Zhang WJ, Cui YB, Wang Y, Chen ZL, Li YQ. On the
endophytic bacteria diversity of the reed in the sludge drying
reed bed. Journal of Safety and Environment, 2017, 17(4):
1407-1412. (in Chinese)

KTH, RN, ER, BRIk, W SR T
IRH P25 N AR T Z R SE . R S H 4R, 2017,
17(4): 1407-1412.

Ji MM, Wu XG, Wu XX, Wu QY, Li J, Qin XC, Zhang XIJ.
Effect of overuse nitrogen fertilizer on bacterial community
and N,O emission from greenhouse soil. Microbiology
China, 2018, 45(6): 1323-1332. (in Chinese)

LB, RGN, RIKK, RITE, FHE, FIH, KR
A S xS H LIRSS & N0 AR IR
W, fAEWeraE AR, 2018, 45(6): 1323-1332.

. KWENE T ARPRR B L 5 M Z RS, &
FE A B2 Be 1 2% 183, 2015.

Shi M, Li JY, Zhou Q, Wang GB, Zhang WG, Zhang ZH,
Gao Y, Yan SH. Interactions between elevated CO, levels
and floating aquatic plants on the alteration of bacterial
function in carbon assimilation and decomposition in
eutrophic waters. Water Research, 2020, 171: 115398.
Bennett AJ, Bengding GD, Chendler D, Hidoa A, Mills P.
Meeting the demand for crop production: the challenge of
yield decline in crops grown in rotations. Biological Reviews,
2012, 87(1): 52-71.

Acosta-Martdaz V, Burow G, Zobeck TM, Allan VG. Soil
microbial communities and function in alternative systems
to continuous cotton. Soil Science Society of America
Journal, 2010, 74(4): 1181-1192.

Hu QL, Tan L, Tang XX, Deng Y, Gu SS, Chen JR, Cai L,
Zhou Q, Hu XX, Qian YZ, Xiong XY. The divergence of
continuous

bacterial communities

cropping,

soils.

among

rotational cropping and new planting potato

International Journal of Agriculture and Biology, 2020, 23:
721-729.



FRMAESE | =474k, 2020, 60(11) 2449

Comparison of bacterial diversity in rhizosphere soil of potato
in different habitats
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Abstract: With increasing emphasis on potato production, the planting scale and professional degree of potato
grow very fast in recent years in China. However, ever-increasing application intensity of chemical fertilizers and
pesticides, together with succession cropping, leads to more and more serious soil-borne diseases representing by
potato common scab. In some areas, the incidence of soil-borne diseases even reaches 90% causing huge economic
loss to farmers. [Objective] To monitor the changes of soil bacterial population due to different planting patterns
and intensities of fertilization, analyze the relationship between occurrence of soil-borne diseases and change of
soil-environment, provide theoretical basis for effectively controlling soil-borne diseases of potato. [Methods] Soil
rhizosphere samples were collected from three distinct potato fields continuously cropped for one-year in Xiji
(Ningxia, northwest), three-year in Guyuan (Hebei, north) and five-year in Hailar (Inner Mongolia, northeast) with
low, high and rare incidence, respectively, of soil borne diseases. Then, high-throughput sequencing technology
was used to comparably analyze the bacterial community structure and diversity of these samples. [Results] A total
of 617558 effective reads and 3077 sortable operating units (OTUs) were obtained from the 3 groups of samples.
Among them, the dominant component was Proteobacteria with a proportion over 33%. Compared with the soil
samples from the field without occurrence of potato soil-borne diseases, the bacterial abundance and diversity
decreased significantly in the soil samples from the field with high incidence of potato soil-borne diseases.
Meanwhile, augmentation and reduction of the relative abundance of pathogenic and probiotic bacteria,
respectively, also were observed. Specifically, we found the relative abundance of Actinobacteria increased on a
large scale, whereas that of Proteobacteria, Chloroflexi and Acidobacteria decreased dramatically. Moreover, we
found that composition changes and quantities of some bacteria (especially Actinomycetes) were closely related to
the total phosphorus content of soil. [Conclusion] Excessive application of chemical fertilizers and perennial
continuous cropping affected the soil bacterial community and damaged soil ecological environment thus resulting
in potato soil-borne diseases eventually. In addition, phosphorus content change may be one of the important
factors that alter community structure of soil microbes.
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