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1.1 RISt HER

IS T 2020 A 78 H R 4 V8 T AT 45 B e AR
b7, iz X F a4 35°24" 217, R &
104°34"94" IR 2 155 m. 4F 3 SRR L 4E
I K B 500 ~550 mm, J&§ T 5. FRHMIX,
TR AR RS, L R, 0~ 20
em HEMA LG AR 2 2R R AL
Byl 7.5 g« kg '.0.73 g« kg ',0.67
g+ kg '.19.9 g« kg '.15. 12 mg * kg ',
174.81 mg » kg '.pH K 8. 21,
1.2 iRt

B DA RN R P 10 57 i B R
I Ay AR R P Ak A W BORE T 79 CF 2800 T =5
1./ ) » DI BE B Ml o b A i 0 B 2F T B A &%
MAAKRERELZME AW, BFEH=>15%C N:
10%.P,0;:2%,K, 0:3%) , aE 5 %N 37.8% . H
B YR A R A A, R g it
6 AL B, 23 55 S - A it R X BE A B CK 5 B it £ A
X AR 4b BEOF (N: 180 kg « hm ?, P,O;: 90
kg « hm?,K,0:90 kg « hm™ %) ;4: 38 T1(fLAE +
BRI ) 75 kg « hm ™ 2) s A # T2 (fL AR + 00k B
#1150 kg « hm 2); kb B T3 (fk AR + k7 B8 77
225 kg« hm ?); &b 3 T4 (b I + kL 3 7 300
kg « hm ), vt 7 550 A 34T i FH %) AR o 3
L5 PRt £k R AR 5] 5 Ak AE 438 — Uk M 76 4% iy i it L
R A R A 4 0K R R SR it . il A 18
AKX LK 8 m, FE 6 m, AL 48 m?, 1 56 b PO S
WA A T ORAT . SR T 4 IR 55 2B R
Wi 28%5 30 em JATHE 60 em BRFE 30 cm, 3% AP
JE:52 500 ¢ « hm™*, I T 2020 4E 4 H 20 H
R, F 10 H 20 H Rk sk .,
1.3 HEZEERERRE

FEATHOERE L MR R 25 75 kg « hm °, F By
HE, PR 8~10 cm B &5 A 8 RIS B R B
HEER, HAAEEE, FET 2020 4 8 ARES
R /NXHFE (0~20 em) 58 57 8 E 5 L 85 4Bk
A 0 A A SR R AR B T e AR AR A L O
T2 HH KR ERRR A YA, R R TC R
LS B VK G RS2 G %L I AE — 80 °C YUK
FfEfr, LR T )5 22 £ AUE Y DNA $2 HUK
WA Z R BT .

1.4 tRBER13EZ DNA REUK PCR i

BHERE R CTAB J5 12 % 3 H 4 DNA
FTHEEC 4R IUS /9 DNA il i Qbiut(J % invitro-
gen, I F Qubit TM dsDNA HS Assay Kit) #£ 17
We BRI, ] 10 g « L' BCR M B5E 1 R Tk A U
P DNA (588 . PCR 91 R F 41 147 38 H 51
¥ 338F ( ACTCCTACGGGAGGCAGCA ) #i
806R (GGACTACHVGGGTWTCTAAT) # 17
P, PCR X W 10 pL & & KOD FX Neo
Buffer 5 pL.,2 mmol « L™!' dNTPs 2 uL, IE [ 5]
# (10 pmol « L ') 0. 3 pl, & [[ 51 ¥ (10
pmol « L7110, 3 pL.,KOD FX Neo 0. 2 pL., Tem-
plate DNA 5~50 ng. b ddH, O & 10 pl., ¥ 1
ZAkH 95 ‘CHIAEME 5 min, 95 “CAEPE 30 5,50 C
Bk 30 5,72 CHEAP 40 s,k 25 MEFR, 72 C 4E
81 7 min,4 CHRAE% A, & T Illumina Novaseq
P~ 5 A8 /N B SR R AT UK i 0 e 22 4G
JeatH B & A YR A R B 58 .
1.5 HESHSLE

e T 0 R A B Y A A 1 S P U
Ja U B s SRR R S0 TR AT A A R A 2 AT
OTU RAEI:Hr . 5 T RAIL R AT ZAEVE 47 5
I AN TR 3 2K - A T AR R TR A5 A A
it . F FH Microsoft Excel 2016 X i 16 % #8 17k
FPAb 35 /R &, 2R DPS 9. 01 #4788 31 4 #r
LSD i #4722 = B & e R &, ] QIIME2
(Version 2020. 6) 312 Chaol.ACE. Shannon 1§
%, % A 3 T Binary-Jaccard FE 25 %0 B X7 240 & BE
AT B ZREVE T .

2 HREAM

2.1 MEHERETEMER OTU BESHF

3R 1 A AL, 6 A K i 3k 3K 18 5 4G 08 91
946 008 %%, if o B 7 5 2R 15 = BT i 7 91) 849 727
S A RUF A B 797 583 4%, B E K BE R
A17.67 bp, H, +EHA CK.F. T1,T2,T3,
T4 4% W32 BT 142 137, 143 102, 145 191,
144 629,144 456,130 212 4404 )F %), T4 5 H
b Ab 2 2 S W)

WHE 0. 97 WP SUAHRIVETE 6 > LI A h
R H 9 939 4~ OTU, & —4 OTU #i il h—
ANEY YRR . AR OTU B nl 43k 30 1,
85 49,180 H .266 Fl.426 J& .463 Fh, £ 13 FE
A CK.F.T1.T2.T3.T4 Fi& 1) OTU 45551 0
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1666.1 657.1 653.1 676.1 656.,1 631, Hifdbfy
B OTU £k 1558, &3 & OTU #HEF
T2>CK>F>T3>TI1>T4, Hh F 5 T2 % 5%
WE, T2 8 F ¥ 1. 15% ; B & B 7 & 10 1
I, OTU Bkt 2 90 Je 3 5 B AR 09 8 3, 78 1/
FIFH &R 150 kg « hm ? (T2) W 3k 2] % K
H.T2 5 T4 2R RE K T4HM2.76% . itk
& B it AR AE + BURE B 7 150 kg « hm * Al g 2%

5 OTU % i,

P RARUERE 0. 97 &4 T4 L3RS Y
MR 2, i Tl & B R 4k 2 B i
eIt kT 52 2k B R FRAS = B
MRE TP AR TE 4 R BE T W) A B B R & R
JT 0 5] e 38 n i — LS, T DL B S R A
i HP ) 40 B RV

F1 BEEAUFHERITER

Table 1 Statistical results of sample sequencing data

B i 24 FR I3 BAE T JEL R 17 5 B e 5T 5 5 A GRS FESCE R BIK E /bp
Sample OTU Raw reads Clean reads Effective reads Avglen

CK 1 666 ab 160 062 a 142 137 a 137 417 a 418 a

F 1657 b 160 274 a 143 102 a 135 269 a 418 a

T1 1653 ab 160 075 a 145 191 a 138 476 a 418 a

T2 1676 a 159 851 a 144 629 a 134 964 a 417 a

T3 1 656 ab 160 662 a 144 456 a 134 602 a 418 a

T4 1631b 145 084 b 130 212 b 116 855 b 417 a

T < R S ECE 5 AN ) /ING =7 B 38 R A [) Ak B ) 22 57t 35 504 1 35 K (P <C0. 05)

Note: Different lowercase letters after the data within the same columns indicate the significant difference among different treatment at

0. 05 level.
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Fig.1 Dilution curve of each soil sample

with similarity of 0. 97
2.2 RETEAENSHEESN
2.2.1 X3 o ZHEH MK AR
Alpha ZFEVEFE R . Chaol $550fl ACE 15 %
KR SR v A R B TR R Y
F & E S, Shannon #8500 R T & BE M £ B
PR /D SR ZHEE S IR IE e, B3R 2
AT, Chaol 48 BU7E 45 Ab B o (1) K /MK IR R T2>
CK>T1>T4>T3>F, 5 F . T2.T3 4 534
B 1. 33%6.0. 11 %6, 9 4 [H) 25 5 5 5 6 AS [ 7 R
Mazm|, Tl 5 T2 25 8%, T2 % T1 #
0.65% ., ACE 8%t /¥y T2>CK>T1>F>
T3>T4,F 5 T2 A 25, T2 & F

1.14% . Shannon #8¥CR/MKIRF I Ky F>T2>
CK>TA>T1>T3. £E A [F] B 7 H i 2Z 18], T2 5
T3 225+ W 3%, T2 4 T3 8N 2. 15% . jii I B 7 &b
PSR ARTC 3 25 S . AR R B IE L
A= R RT DA - g A T Y T L L LA
BRI SR 150 kg « hm ™2 REF B B, 5K
[F] B 790 P & AR bE, TR R T B 150 kg« hm AT
DAFeE e A S A TR Y 2 R

2.2.2 XEBEHMLMN K 2K OTU KF
TR HIRE S ] jaccard B SR R 2 G SR 2K
R vt SR AR RT 8 0 €0, m] LA s Wl A it ) S8 200 T
R A 5 2 AR Y 22 S, 68 O SRR A i 18] B
BB, 20 GERE T AE AL B ey L B 2T D) B R
T4 5 CK.F.T1 Wy HIEME R & 2 W BA 257,
Horfr T4 M0 F LT A 4058 BE v 22 8] A9 22 57 5%
o, it ] T R0 60 ) B g ko 8 4 AR 7 1Y) 5 e
R

2.3 RETEAEHEEMSHEESHT
2.3.1 TMAPRELEMHHEZLM TR K
3 A b AN T ) K B a2, b A X
JE 3 1R 19 43 0l J& A2 JE 1 1] (Proteobacteria) | il 4k
i '] (Actinobacteria) JR#T B ] (Acidobacteria) |
ZE M0 ] (Gemmatimonadetes) | ¢ %5 B ]
(Chloroflexi)  #L ¥ # '] (Bacteroidetes) . J& i 1A
[T ( Verrucomicrobia) . 1 3 40 B 4% 4b B 78 41 5%
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Table 2 Diversity of bacterial community in potato rhizosphere soil under different treatments

B i 24 FR Chaol 1§ %k ACE #6841 Shannon 8§ %
Sample 1D Chaol index ACE index Shannon index
CK 1 682. 24 ABabc 1 672.45 ABab 9.13 Aab
F 1 660.53 Be 1 660. 18 Bb 9.26 Aab
T1 1671.86 ABbc 1 660. 33 ABab 9.02 Aab
T2 1 682.65 Aa 1679.05 Aa 9.17 Aa
T3 1 662. 33 ABab 1 659. 48 ABab 8.97 Ab
T4 1 663. 04 ABabc 1 650. 82 ABab 9.02 Aab

T < A SRR i A ) /NG 5 B e 7 AN [ b B T) 22 5738 106 0 504 18 35 K P (P <C0. 01, P<C0. 05).,

Note: Different capital and lowercase letters after the data within the same columns indicate significant differences among different treat-

ments at 0. 01 and 0. 05 levels.
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Fig.2 Heatmap of soil bacteria distance at OTU level
VA X A A AR G A AR X R R
25 BILR A A A L3R 1T (i
k31,40 % ~34. 78 %) o AHXT = B fiw i » 45 4b FE (R]
ZFAREE, MAETE LR D T, &k
WIS R TT, 5 F M, T4 & i
FAXTFRER AN 4. 59% . CKLT1, T2, T3 43 5 % %
29.19%.17.08%.8.26% 0. 77% , Horpt F 5 H 4
HAFIRF B E K, HYS CKUTL. T2 531k
K, TA T 1A X 3 B B i » 5% CK 3
M 35.10% . BRAFHTEF AR 300 kg « hm™?
CT4) B 4 ST A = B e e o 6 AN A+ 3 v 2
A%, 5 CK Ml F, T2, T3, T4 43 BIFEAK 27. 38% .
22.17%.33.24% M HEZ AR E 2SS, H CK
5 T4 K5I B E KV 5 F AL, T4 BRFFH T4
X BERRAR 29. 33 %0, P 25 5 0 3 B A R
SEHEIN BRI 1D AE - 3 b A R X R B 2 S

I 58 0I5 B AR B 8 e, T R R S i #) 300
kg « hm * (TR 5 PR ARME, b T1 5 T4 22
S T4 B T MR 26.81%. 5 CK.F HH.
T4 ZF 500 BT AR XF 3 BE 23 0 B IR 25. 16 %%,
21.01% . i F Z a3 A 225 H CK 55 T4 ik
F M k2 K 5 BE A TR R, 2 R M R T AE
PR R AR A S TR AT T T AR T4 L
T1.T3 43 BIFEAR 21. 01%, 17.73% , Wi Z [0 A
WEZES T W it AR ) T R T
REVICTR O Y 7 B W I N o 41 W
HEAN Tt A R i A JES it P A A T 2
TRBRAT BT 28 M B 1) 9 AR X = B, L LA 57
i 300 kg« hm * WECH B2 BAMEAAE , HH)
FI4ES 300 kg « hm* AT DL F 4R S LA 1T
FRORE OGS = B2 G A A ) 2 B3R IR T 2 T 1) A A X
FHE.

2.3.2 WMAPFRELEMAHZLEMT K
4 m] g i H A AR N K A o
JE # 4 ( Alphaproteobacteria) . Y-8 £ 7 40 (Gam-
maproteobacteria) , 2 H. il [ 24 ( Gemmatimona-
detes) . Subgroup_ 6. it £k B 49 ( Actinobacteria) .
PUFF T 44 (Bacteroidia) . 2 il 7 44 ( Acidimicrobi-
ia) .0-ZF ¥ B 49 (Deltaproteobacteria) , £} 5% [H 4
(Blastocatellia_ Subgroup _4) . %t 2 H# 49 (Chlo-
roflexia) , 4 FE FEE/NTF 1. 50 % A9 43 (others)
RTEE R . T8 3 20 T R R R L BT R o
AETE W 49 (17. 54% ~ 19, 56 %) Fl y-2E J& 1 49
(10. 24 %6 ~13. 62 %) 16 - 38 40 11 45+ v e of5 LL 451
e K o o AR T TR AN 2 45 b B % D0 35 TR A, 4% Ak 3L )
AW, vEIY R R AN, H
ARX 2 KM Ry T4>T2>T3>T1>CK>
F.5CKAMI, T4y-22I & 99 #1 x5 4= B 55
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Fig.3 Classification of bacterial phylum level in tested soil
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Fig. 4 Classification of bacterial class level in tested soil

32.04% ,MiHEAWEER. 5 CK ML, T4 20
i TR 40 AR T = B AR T 26. 91 %6 T K B AR
F K 5 B A VA R FH A, R X = S S
REAC i 38 fn PR AIC (s %, T2, T3, T4 #¢ T1 4%
FIFBEAR 14.38%0.11.94%.32.45% . 5 CK.F M

b o T3 04k B 40 A X 3 3 43 il 3 m 129, 11%
59.48% . T4 43 534 fin 169. 68%.87. 72% ., T3,
T4 M CK.F 225 W3, Hrp CK Al T3, T4 i5 |
TR KT s ZEAS [ BE R AR T3, T4 %8 T1
Ay IBEIN 93.39% .127. 63 % . H.W # 2 [A] 2 7 i
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F. 5 F M, T2.T3. T4 BUF 5 4940 6 3 B 29
SN 74.19% .73.52% .124. 49 % , H . Al ik
W B K5 5 CK A E, T4 $UUFF 5 40 A X 3
JERGIN T 59. 73 %0 . T (B A W 25 5 A6 A R TR
FIHEZE,T1 5 T2.T3. T4 A B FXEHF, T2,
T3.T4 % T1 45 513 m 46. 80% . 46. 24% .
89.20% . 5 F M. T3, T4 B2 49 A0 % 3=
S IEAR 21.38% .24, 04% , i Z A1 ¥ B % 2%
5. 5 CK M, T2, T3, T4 #4550 49 A xF =F &
SRR 32.25% .29, 20% .38. 10% , W 3% ] 1
HARFEXER.H CK 5 T4 k30 B #EKFE, &
LR TO6E a2, se 0 A1) D& 1F HI R 4k
Berefi, 5 F M, T1.T2 4725 B 4990 0 42 8 2y
BIFEAR T 39.38% .40, 45% . i 1 W & 2 5,
FH O AT L it FH B0 AE 0 TR R T 2 ) R S B AR
B = 18 A1 TR 49 7K T B 95 4R A AR A AR it A L B
AR AT DA AR v TR TR AN A X B, T
DA J8 2 9 AU 25 BRI TR 4N | RE A TR 4 A G S L HLAT
PLE R EE R 300 kg » hm 2 I B3, BHAE
PR RE B A 0 T 790 T LA 2 A AT TR R o M) L % 25 T
AR, B0 R R O 300 kg« hm ?
CIRVRTE Sict=y /€& KRV s ar-E R POy N
3 It #

- 8 R A Y 4 T 2 0 D T Y AR K B
B, RN T S b R S B
ABIF5E 5L T 5 38 5P 7 /5 Tllumina Novaseq %
AN TR) FH B B0 2 R ) S S AR PR - M AT R 1
FEVEEAT T 40 07 - 45 R R WY 4% 8 it A= W v
5 AN R 2 MM R A AR L, e Al S
BN 150 kg » hm 2 B 25 8%, 00
Jiti FE B 390 AT DA 48 i - 39 40 18 B9 Chaol 48 %X
M ACE 8%k, mr ABFIE 45 RAUEH, 2/ K&
T TR A B R R N 2 AR PR £ 38 41 Shannon $5
H K Chaol 6% 2 1m0 2F i AT B 1
S —E AR LB AN A R 2 R L
ARSI EE T B S MAEY E
S PIp [F] Ak 3 AT A0 2 R v R R AR o L 8 A R R
Shannon $8 ¥ 2F 35 2R 96 50, A A0 & TR F +
B i AR SRS

TETT VA | B AR bR e R4 1)
AT T R T BRFT ] AW 58 h A2 I
WITRAET s ) Z W], 4
RGETABE RS R —Y R E R ) AR

A B R I e S e T R A SRR ) B R 4
IR R T — P AR S I EE . ARWFoT
AL 7 B AR AR A L R L 38 300 kg + hm 2 B
Bl 2B W R ) T TN 2 AR R T T A R
JE XSRS R -8 R B e
[ A 1 T AR 7™ W v 7 AR Y — 28 3 i AN A
X9 JE B A S UM T 38 AT AR i — S
T R U B A A ) T R 2 BRI R D B
A EY A I EFE M HIEES RGN E
R & . FRAFEE T TRASE S P 3 =K
PR 1T, R AT BR 1) 38 B 7E B A ) B A
FE AT B 5 HEAE ) B B, BT LLAE Ry
- HEFE SR B0 4R R L A B 5 AN it AR Ak
B PR R TE 1T A0 R X T B SR A PR A A R = T
WA 3 300 kg hm A6 B Ay, 1
Tl v R0 AT LA RTE R R SR A L R R
F1o WK b AR 5T S B B AN it R B R =
9300 kg« hm™* 2 W F R & v 1 40 09 A0 X
FRE X 5 R ED R IF LR A
B, R AT e B & 300 kg + hm? B9+
B FEE R RE AR N LS A
e h & Ew, BaA — L%, 4l
s A A B U R X R R T
(R X = B A R AR . A, B 9T R B R it
5 Bt A A i Y T ) 2 3 B R AT AN
TR TR A AR S L U BRI R L
AFIT S B RIS A5 5 o A B HRUAT B AN U0
+ e/ LK FE Ak R TC ML R (Y 1o AR R ) B AR
FHEOT T LA BT LA A3 it v 40 7 40 T 3k 2 B i 1 H
s TR AR 4N L e TR AN Y R TR TR T LA
TR 5% 2 W, 2 TR 40 6T 1 I - A ALK L A B
AN W o Sl T R (o I (SR A o
pH., TR W i 4 5 3 pH 2 B 3% 1E M CC
RN AR A 5 R gt 5 it R Al
T2 L T 20 400 R AEK 106 P R ) A v R 3 TR
(A A FH S 2 TR 4 7 i FH T 390 s S 2 R, 16 B e
FHR ) 22 3k + 585 R0 R W 8 X 5 5 A B
FAE R — B, AW b E R H &R 300
kg o hm ™7 BN 0 25 b 25 A AN 26 20 1R 2K 174 A
Xt ERE Lk S AT AW gT A R — a0 R
YA AT AR 205 TR B L W0 R AT R AR BRI B R
8 BH TR SR T L S Ao R AT 2 M R ) A X S R
AT 86 AR 55 S 1) R JL R
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BRACAL , 1A R iR 150 kg« hm* B
SR FREHIEME OTU B M. i
THC2E W TR R - S A A 5 AR A AR R Y S, 5 X
FEAAEL , W A & 0 300 kg » hm 2 W] LA g 3%
R AR TR AT TR1 17T 2 SR B B 11 A X = B, i 38 4 ik
2 T AN L AR TR 49 RE N T B 5 A Lt R A L AR
oM 300 kg « hm 2 B ] DL S 25 B R R R A 1T A
LERSIE N AN T N LR PO S N i
HE LB M 300 kg « hm 2 I Al & 42 & v-
ST VA AR O S B L R 2F BR R TR 2K AR e S
FCAE TR R S 3 IS T M A T B R A AL 1
TA R T GE T S RO .
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Effect of Microbial Agents on Bacterial Diversity in Potato Rhizosphere Soil

YANG Nan', TAN Xuelian* ,GUO Tianwen'"?,
ZHANG Pingliang® and LIU Xiaowei”

(1. College of Resource and Environment,Gansu Agricultural University,Lanzhou 730070,China; 2. Institute of
Dryland Agriculture,Gansu Academy of Agricultural Sciences,Lanzhou 730070,China;

3. Gansu Academy of Agricultural Sciences,Lanzhou 730070,China)

Abstract In order to illustrate the effect of microbial agents on the bacterial community structure of
potato rhizosphere soil from the perspective of microbial ecology, the high-throughput sequencing
technology was used to sequence and analyze the sequence of the bacterial 16S rRNA V3+ V4 region,
CK(no fertilizer) and F(single application of chemical fertilizers) were used as controls, the diversity
analysis of rhizosphere soil bacterial communities was studied under treatments of T1 (fertilizer +
granular agent 75 kg « hm ?),T2 (chemical fertilizer + granular agents 150 kg * hm ?),T3 (chemi-
cal fertilizer + granular agents 225 kg * hm ?) and T4 (chemical fertilizer + granular agents 300
kg « hm ?). The results showed that T2 could significantly increase the number of OTU,Chaol index
and ACE index compared with F. Compared with CK at the F level, T4 Acidobacteria decreased by
33.24%,29. 33% ,respectively. Gemmatimonadetes decreased by 25.16%,21.01% ,respectively. Com-
pared with CK at the class level, the relative abundances of T4 Gammaproteobacteria and Bacteroidia
increased by 32.04% and 59. 73% ,respectively,and the relative abundances of T3 and T4 Actinobac-
teria increased by 129. 11% and 169. 68% ,respectively,the relative abundances of T4 Gemmatimona-
detes and Blastocatellia_Subgroup_4 decreased by 26. 91% and 38. 1%, respectively; compared with
F,the relative abundances of T3 and T4 Acidimicrobiia decreased by 21.38% and 24. 04 % ,respective-
ly,while the relative abundances of Actinobacteria increased by 59. 48% and 87.72% , respectively.
The relative abundance of T2, T3 and T4 Bacteroidia increased by 74.19%, 73.52%,124. 49%, re-
spectively. This study indicated that the application of microbial agents significantly increases the
abundance of soil bacteria,improves the microbial community structure,and increases the abundance
of beneficial bacteria,and then improves the soil microenvironment of potato.

Key words Microbial agents; Rhizosphere soil; Bacterial diversity; Potato
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