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KRR ENEH, HALRG RN 5 e 2
RIEHEROAER 7,

Rk, AER e L= 2570 R AR 23], M
FUMAE S A S, SRS AN [ 2455 4 it P X 2
[0 T AL TR R E VR S M AL S AR RS2,
XA PR U B A g 2R 4L, LAY
PRI TR Bt o A PRI AR

1 #M#EFE

G X HEN
I T 2019 4F 7 ~ 8 AAE T H A 2 2=k
2 5 HOLIREN T, IWEK 65m, TE7 m. %
X &8 TR KBS, EESMGEREAE .
BB+, = 0CHER 3753.2°C, = 15CH
BURN 2629.9°C, F VS 8.5C LA S
1.2 FEFAbEE

BT T 2015 4 2 )7 12 30 Ak 15 1 Ak 15 5% R
Fe3E IR T B B LR PR R A R
FedE T, FEFTAC L AR R - RIS - T AR
F=9:9:1, HFAEN0211 g cm”, ECHN
1211 mS « em™, FFKFLEE N 53.17%, 0 <FLER
JEH 36.42% , WRfHECH 145.60 mg - kg™, ARLHEN

1.1

188.67 mg « kg, HALHN N 231.01 mg - kg'o B
Redh 2 M, #2019 47 A, HokE: 9 #EF
SL 5 H Ak P T pH 6.05. EC {4 2.653 mS « em™,
B AN 53.9 mg - kg, AREWE N 76.72 mg - kg,
HELAI N 136.35 mg + kg

1.3 it

IR L R R BELIX 4L 5e 3, Hh6 MAabH,
it A B ZE AT I+ MR SR IR (T1) . %
R+ FEFFRR (T2) . BHER + R (T3) .
22% W5KG (T4) . WEE (T5), LAV KAk 3 Xt
HE(CK o A [A] Ab B AR 3 245 551 of T A Ak 37 5K T
7= 1,

2019 47 H 20 H, S5k 39 Ak 518 (K
55m, % 0.5m, %03 m) FIK1/3 FFEH,
1R, P 18 A FAE R/ NI/NX, T .
AT, BEEC 3 A/NXBEEK, HE 15 /MK
ARG FNA A 3NN, B )G, a5
3 d, WREHFLEAF. 8 H 4 HREAH G 1) I
FikEsh, BEN/NX S S FEHLERE RIS, RERFEA
MR R AR, FAVKE, 1B SR
T 80 CUKAH AT, FHT - 1L 40 b 1 B TR F V% AL
K FEERIIE .

F 1 BERBFIRIERAIE A
by ER HFETR I it ik Jiti FH A

CK K Y R FH K — — Vil

TU  ASREZEHLFF I + b IR MR — A R RABLAE] + 3 TR Rt R 1.50g - m™+0.37 g - m™
A ZF AR AR Il & AT BR A

T2 B R+ AR WD EYRIECE R AT + ILERERE 99% 52 +50%  AEILHISEKEEE 3¢ m” (4000 K ) +0.09g - m”
PRz KRB ] ATV R

T3 GEER + LR POV E IR AT R AT + INREE  99% R 25 +20%  He bl se K BeitE 3¢+ m” (4000145 ) +225g - m™

S R B B A | IR il (400 1¥57%)
T4 2.2% ks — 95% K] LB oK G R
TS HEE — 40% 7K 5] Fe LB K BeRtE  BeiE (FRRE 50 £ )
1.4 IEH Sk rRNA JE K V3-va 1] 48 X #E47 PCR 97 4%,

141 FEFURAY DNA $E5UF PCR 471

H34 QIAamp DNA Mini Kit ( QIAGEN N.V., f#[% )
Ui W1 R AT S W RV B DNA HhR, 4R EUS (A
1% P BN HEEE IS FL VKA DNA SO L,
NanoDrop2000 Jli5E DNA ¥ B R4 ; AR ] 338F
(5’ —ACTCCTACGGGAGGCAGCAG-3 ' ) #I806R
(5" —GGACTACHVGGGTWTCTAAT-3 ' ) X%} 168
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I ITSIF (5 —CTTGGTCATTTAGAGGAAGTAA-3" )
FIITS2R (5" =GCTGCGTTCTTCATCGATGC-3" ) Xt
ITS J£[K 1TS1 AJ 28 X HE4T PCR ¥ 14, § A7 40T .
95 CHAME 3 min, 27 (168 V3-V4) /35 (ITS ) MR
(95CAEM30s, 55CIR K 30s, 72°CHEM45s),
SRJG T2°CREEIEM 10 min, G TE 4°C NI ARAT
(PCR {¥: ABI Gene Amp® 9700 %! ), PCR JZi{AZ
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A 10x 2% W 2 pl (168 V3-V4 ) /5 x FastPfu 2%
W4 wL (ITS), 2.5mmol + L™ dNTPs 2 pL, Fii#5]
Y (5pmol - L) 0.8 pL, FiF5I4 (5 umol -+ L)
0.8 L, 1Taq DNA & & § 0.2 pL (16S V3-V4) /
FastPfu DNA B4 04w L (ITS), itz DNA1O ng,
AEE20 WL, BHPMEEARIANEE, KA Mumina
Miseq PE300 i 53 45 %t PCR #7384 77 4y g 473000 )
WP 224 1 253 A W e 25 R A BR A Rl 58 A
1.4.2 = 3E i 5dE oA

HEEFEYLFES (hiip: //www.i—sanger.com/ )
AT v AR B B, PR 2 DA Sk
HR LR, I FLASH 1.2.11 344 0 Ji 46 £ 4 3
TIPHEE, K PrHZES 201197 51 H Trimmomatic 0.33 K
AT 4 . 38 ] UPARSE %4, H34E 97% B9 AH
LEEXHFH13#E4T OTU ( Operational Taxon—omic Unit )
REFFHBR A, BE£E OTUs hHAREEN TP
511, HeXt Silva £ 22, K FH RDP classifier D13
= RES O EES SRR TR o1)5 71 Bl e vt & %17

FUERE
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1.5 Hdiaba
K H Excel 2016, 35 AY) =i -5 745K
PRIEHIAER, FH SPSS 21.0 #5478 207 225007,

H Duncan ¥ ( «=0.05) #f72HEILE,
2 RS9

FE R SN e A B 3 A

BE Y5 B BG40 TR R LT OTU i B ith 2k
1) 728 A6 328 ¥ T4 3R 3] 30000 £E A
OTU AR B AR A . XU AR &
P, RENS LS M S B X 18 /N FE T RE AR B 41 TR A
FLR R AL, WP 45 /A& T A K 2 204
P ELRISHE . R REI T S, T RES A
DRI . BRI, [HH A
B OTU B TRk 8 /0N, i LAY A I 7 2 70 0
Y Shannon—Wiener [4% /2 2 WUAE 5 i A= W) 24
PERFEEL, FlE )T AN, Shannon—Wiener [fi]
LTV, el BRI, Al
WS R Z8AE I E R (B 1),

2.1
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2.2 EEAEFEERE o RS

Xof 25 J5T A4 R R L PR R A TN R AT, A
o ZREHIR BRI L3S T B (BR Simpson ) |
LA R e S B U E D 7 e . A b B A
TR RN L T 5 7 55 28 53 0 #E 97% F199% LA |, 3%
AR S P B 2 R 280 o, 2R, I
745 R BENS B S M TR AN B . LB R VR 2 Y
S

TEAF RS OTU 4140, Chao 1 840, Ace 45
0. Shannon #8550, CK ALFRAYAINFEH0Y B 25 5
T T4 kb 38, 3 9] 5 50.85% . 44.84% . 45.63% F
15.01%, i Bt AR 25 700 45 BEAIR T 40 B V%

YIRh S AREPE N E B B, T4 b BT LA A5 g B
TE Simpson 8 £ th, £ 4L 3 5 CK 40 ¥ TG W 3% P
25 (£2),

TE B BETE T, OTU ¥ 414K, Chao 1 48 %01
Ace 18 B ¥ % B h CK>TI>T2>T4>T3>TS, H. CK
AEFER B9 OTU FE 1%L, Chao 1 48 BUR Ace $5 %1
WERTT3 ~T5, /5T ~ T5 5 69.11% ~
90.43% . 68.40% ~ 86.77%. 69.94% ~ 86.95%,
Simpson 5 £ 5 40 —FF, 25 4L B 5 X% R CK Z [A]
TR ENER, AN, MR TIHEAE, T1 A
X ELE BER YRR Z R LU B RN, 454R
5 CK TR EER (F£2),

®2 FARELEBEFRAFRMERFEN o ZHEEY

W OTU JPAEL B (%) Chao 1 8% Ace 1851 Shannon $5%% Simpson F5%1
E CK 3186+ 18% 97.27 4382.63 +219.81a 4361.77 £212.91a 6.59 +0.10a 0.0046 = 0.001a
T1 2880 + 426ab 97.72 3899.57 + 543.27 ab 3902.04 + 526.64ab 6.40 +0.29ab 0.0057 = 0.002a
T2  2842+88ab 97.80 3933.89 = 116.94ab 3937.41 = 137.37ab 6.34 +0.12ab 0.0059 = 0.001a
T3 2389+ 126ab 98.07 3290.68 + 154.13b 3249.61 = 116.21b 6.08 + 0.02ab 0.0080 = 0.002a
T4 2112£262b 98.00 3025.81 = 350.80b 2995.13 + 346.14b 5.73 +0.38b 0.0163 = 0.007a
TS 2784 +205ab 97.84 3855.00 = 273.41ab 3853.08 + 275.33ab 6.01 +0.29ab 0.0140 = 0.007a
HE CK 438 + 13a 99.91 483.69 + 16.90a 476.02 £ 17.76a 3.67 +0.09 0.0535 = 0.006a
T1 385 = 29a 99.93 424.92 +30.27a 418.45 + 33.63ab 3.47 +0.22ab 0.0872 = 0.023a
T2 327 + 24ab 99.94 367.04 + 26.36ab 352.65 + 25.67he 2.67 +0.41ab 0.2305 = 0.098a
T3 250 + 49h 99.96 275.56 + 57.04b 267.99 + 50.14¢ 3.19 +0.35ab 0.1324 +0.061a
T4 259 + 45h 99.95 287.23 +44.71b 280.11 + 43.16¢ 2.51 +0.65ab 0.2129 + 0.085a
TS 230 £ 35h 99.94 258.97 +41.77b 254.62 + 41.25¢ 239+0.27b 0.2071 % 0.074a

TE: BRI + R, R TR B R 22 5 3% (P<0.05 ),

2.3 FEFUHEFEE P Venn K 5317

H R A B H Venn B R T 4811 4 21
A PR (40 OTU ) $0H, aT LA & W
H R IR R (40 OTU ) 2 AR & B

TEAE T, 6 MAbFE ™4 21866 4~ OTU, E
A ) OTU % K 1447 4>, 5 & OTU %L 1 6.62%,
CK ~ T5 4 4b B FT 411 & 59 OTU %4 43 3] A 4200,
3934, 3712, 3381. 3047 F13592 4, 4344 & OTU
B 19 19.21%., 17.99% . 16.98% . 15.46% . 13.93%
16.43%, H 4 4b B KA 1) OTU £ 43 5 2k 430
299, 226, 211, 147 F1249 4~ 4% Ab Bf v fiF 411 &
OTU B I R 1 OTU B3 LA CK b Hi i 2, Hak
S T1AEE, T4 bFRE /N, iR A AR 2555040 &
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XA A — e VR, T1AAEAR T HE
SEER (BR CK ), 4 ™ R i T BE /N b,
CK 5 TI ~ T5 & H A1 OTU £45-51°4 3001
2701, 2411, 2240 12606 4>, i ATHBEEFIF,
T LA RN, DL CK 5 T1 Ab B AT
R Z (E2),

FEER T, 6 MEFAL=4E 3145 4> OTU, A7
B OTU %y 142 4>, 5 & OTU 38 1Y 4.52%, CK ~
TS FALBRRT AL 1 OTU £ %10 681, 617, 546,
475, 453 F1373 4>, 4300 4 OTU 2L 21.65%
19.62% . 17.36% . 15.10%. 14.40% #111.86%, H.
BALBRFA Y OTU 002 163, 133, 110, 110,
101 F1 47 4>, 4% 4b 38 i A3 3 OTU £ & R A 1Y
OTU £ LA CK Ab P2, HRE T1ALBE, T5 &b
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P /b, Ul E AR 25 70 4 A 20 B e A —
FEIEIER, T1ALFRA S T HE AR (B CK 4k
B, B B AW O BN, BB, CK 5
T1 ~ T5 4 4 B B OTU %045 %1 o4 391, 335,

270, 278 F1259 4>, i ATHRERIRMN, JE )0 E A
G FIEARTE, SAE—3, L CK5 T1 A
HAHRFRRE (F2),

2 EFRMAEMEE OTU %AY Venn B

2.4 AN[a) Ak SO0k 5T 20 TR N L T RV 2H RS AR R
FEE B S

AR AL BT BB Al IR A AR
] ( Proteobacteria ) . JiTZ& % ] ( Actinobacteria ) . J&
BEBET T ( Firmicutes ) . 2551 ] ( Chloroflexi ) . ZFEf.
R ] ( Gemmatimonadetes ) . FRFT 1 ] ( Acidobac—
teria ) . FUFFE ] (Bacteroidetes ) . Patescibacteria [ ]
TF A5 ] (Planctomycetes ) . 5 % BR A — W4 $4 B4 7]
( Deinococcus—Thermus ) , FRIAZGFITH BRI BA AR 5L
i FE A RTIZE . HA AR R EERT 10% B2
W FEABILET. LR, BRI, &5
Bl 1o 5 CK ARFRAALL, T1ADERALRETE TR TS b
PR EERETE T AN R fe i, B HICREMEE R
T5 AR TR T AR F ey (2827% ), 5 CK
SEPERF B EE 2, WK T 49.02%, T3 ZEBRAHXS
FHERAR, IR IN T5>T2>TI>CK>TAT3, H
HEAMY CK BT W EMEZER, 5 CK AL
o, ABTEBAT] T1 A3 AR XS 3= B foe m {H 5 HTG 1 3
PE2ES, T4, T5 AP EAR M2, B CK
b3 53 SIREAR T 42.94% F132.22%, HEALHLY CK
S PRIC R 2 . U AN R 24 70, fE 12 5 2
AEHMRER L (&3 ),

ANEAE I T B TR A FRET] (As-
comycota ) . A 43 2 1 FL &, Olpidiomycota [ ], FH
F1# 1] (Basidiomycota ) . #{ffi# ] ( Mortierellomycota ),
Horp 74 ] 2 AL L H w1, CK ~ T5 %

Ab B R AH X R BE N 75.67% ~ 97.74%, N
T5>T2>T4>CK>T3>T1, 5 CK 4b BEAH He, T1. T3 4k
PR RE AR 22.53% Fil 16.26%, bR
CK AbFRTC i PE 225, AN, AFEALEET, Kordk
ECR A A BEAR X E N 1.20% ~ 11.38%, RN
T3>TI>CK>ST4>T2>T5, H5 CK AN, T3 A3
FHAIN T 16527%, TS 43 Z P&, Olpidiomycota
[ TH T AP s THE AL & CK 443, CK 5
T2, T3. T4 F1T5 LR EVEZES . HFH TR
J 4 0.03% ~ 1.09%, 33 A T3>CKST1ST2>T5>T4,
H T3 4b 3t 2 T H e AR B J CK Ab 3, T4 4b 3
BRI 2 S CK AR FRAH e 2 B FRAIK 94.51%. 5 CK
ACFRAN G, WA EE T T AL F R ) 3 R R
T 12326%, [G)f TS5 F1 T4 kb FH E AR, 43 BIAR
95.83% F1 82.64%. SN —3, UL ARFIZGHILLA
XIHCE RS YFh Rl i s AR (813 ),
TERLRANE T, SRR R AEXT 2B BT 6 (57
BER ZEHIAF AL (Bacillaceae ) . FAFAFEEL (Thermom
onosporaceae) . RFEMFFE R (Paenibacillaceae ) |
TRl # 44 R (norank_o__norank_c__Gemmatimonadetes ) .
,3:3?& ﬁﬁ( ?3% _[i]" ﬂ— ( Thermoactinomycetaceae ) N ﬁ $ H@
W Bl ( Gemmatimonadaceae ), H1,  ZF 71 FT 1 £l
EHMBER, CKABE T EERKL, 5CK
ALEEAR LG, A Ab PR ZE AT TR A AR X = B AR T
0.14% ~ 58.48%, ULHIZGFIIHEEEIE AL T REAL T HAH

XFERE, T4 AL PEF AR 4= BRI RN (%3 ).
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o
105
90 [
75
g 60t
%(
45
=y
juung
=
30
15
0 b ===
T3 T4 T5
AR
w1 Mortierellomycota Basidiomycota
@ Olpidiomycota Bunclassified k Fungi
B Ascomycota @ other

B3 ARAGEERAEMEERIKESEFEHEAERMBETEE

TEHETEC G, AN [FIAEEE T AR 2 5 Hi 6 7
BB A i B Bl (Aspergillaceae ) . R 4302 A9 F 2
[] (norank_o__norank_c__Gemmatimonadetes ) . & 7¢
W B} ( Chaetomiaceae ) . M\ 7% ¢ B} ( Nectriaceae )
KA EE ( unclassified_k__Fungi ) . EEV S gt
(Trichocomaceae ). Hr, LR &R, 5

CK ALFRAHLL, HEALRE (BR T1ARER ) RS
AR, FBR T4>TSST3ST2>CK>T1, T4 A3
B Al AL PR A 30.82% ~ 152.35%, UEWAHS 424
R IN T EL T PSR B AR X F B2, T4 4b B
AR R IR RO (£ 3 ),

=3 FAELEBERAFMERRKESEFEEZHRMENEE (%)
il
Bl
CK T1 T2 T3 T4 T5

B AP EFR 13.80a 5.75¢ 8.23h 7.59¢ 13.78a 8.92h
IR 1.87d 2.33d 4.61be 3.24cd 6.13ab 7.66a
FFFAT R l.4lc 1.30c 2.87h 4.22a 2.93h 3.34b
TRk 0.96¢ 1.00¢ 3.04b 3.58h 4.70a 0.94¢
PR IAF 1.74b 1.13b 1.28b 1.23b 1.68b 7.06a
ZEIP TR 2.44h 2.52h 2.57h 3.99a 1.06¢ 1.36¢
FH g e 39.09¢ 26.17d 39.35¢ 45.71bc 66.04a 50.48b
RPN F R 10.90a 13.58a 6.37h 10.94a 7.68b 6.31b
Tt 6.16¢ 6.54¢ 15.51a 1.37d 2.09d 13.18b

NIRFER 10.31b 14.53a 1.04d 3.82¢ 8.76h 1.78cd
RAFH EIA 4.53¢ 7.83h 5.14c 12.82a 5.08¢ 1.20d
EREER 1.74¢ 1.27¢ 7.82b 1.61c 1.23¢ 19.81a

T AT/ NG SRR R 22 57 2 (P<0.05),

2.5 N[EJ B S o 20 B AN EC R TS M

16 OTU KT F 2% 11 ANOSIM S 46 (i 6] 41 1 11 EL
FH TR 0T, DS R BT P )
A, MEANEREE T, Zad PCA [#4EIS, AT
— 278 —

() PC1 X 57 22 (R i B8R 28.67%, PC2 (1) fif %
H22.87%, WiEILfiRE 51.54%, HESR BREET T4
AERR, HE AR CK A4 B R T 2H s AR
TEEERER T, Zad PCA FRYEIS, AW iR
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T 37.28% F130.34%, WI#E B N 67.62%., 4

UL T3 ~ T5 A0 CK Ab PR X 5 BB E VR

M2 RE . BHRE, T4, T5 AEBXE
VR A bRl ML BV AR A . (151 4 ),

OCK AT ¢T2 T3 +T4 vT5

e I
AT | R=0.147 P=0.011
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4 AELEERMAEINER PCA S5

2.6 AN [ Ab B o 240 TR L TR AR VR 45 R 1R 22

K H UPGMA J5 % BE b A7 SR B, fig
AT AL 5L AN (] Ak B Jo 200 T R L TR AR T ) AR AR
Je = Sk o SR AL 3T 3 5 40 PR R ALK o R R
2, CKAITL, T2 F1T4, T3 Fl T4 4b B 14 40 5 fE
HHMAE RO R HlaFmvEasR, RULX 3 i
FRFE R R & O R, AR, T1 b3rh
T1-3 B 5 T1-1, T1-2 Pi4 & & FEA 22 18] 41 5
WS AR R 25 5, X AT e TR T st P9 Uit 24 771

T, BR[5BT S SO A R AR T
Zl (E5),

ANTRI b BT 5 5T A A 7 ) 4 A 4 B — Al 43
P ARZE, T2 RT3, T4 FI TS Ab B ) B V% 4
TERBKZR DR, KXW BEREA
BORHISEG R FR . A, T2 bRy 3 4NHE 2 ) 3
KR, T3 T3-3 % T3-1. T3-2 M
HRZAMBGE, TR THMEG RS . AR
I, HebgEE 2 MRS R BT (F5),

AT T1-3 HIE T2-3

T4-3 T3-3

T5-1 4|_| T1-2

T3-1 T1-3

] T3-3 T1-1

T2-3 T2-1

T5-2 T5-2

A —

CK-3 T4-3

0 1 ——

T1-2 T5-1

— CK-2 T4-1

T1-1 CK-2

T2-1 CK-3

T4-1 T3-1

T3-2 T2-2

T4-2 T3-2
L 1 1 J L 1 1 1 J
0 0.1 0.2 0.3 0 0.1 0.2 0.3 0.4

5 AREGCEERMAEMEEREECIERER
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Effects of different pharmaceutical treatments on microbial community of tomato continuous culture matrix

YAN Si-hua, WANG Hui-ru, LI Jian-she’, GAO Yan-ming ( College of Agriculture Ningxia University, Yinchuan Ningxia
750021 )

Abstract: In order to investigate the response of continuous cropping matrix microbial community to different disinfection
agents, six treatments were set up in this study, including the combination of Bacillus subtilis and Bacillus licheniformis
(T1), Hymexazol and Chlorobromoisocyanurate (T2), Hymexazol and Copper acetate (T3), 2.2% Alcohol (T4),
Formaldehyde (T5), and control with water treatment ( CK ). Based on Illumina MiSeq high-throughput sequencing
platform, the effects of different treatments on the composition and diversity of matrix bacterial and fungal communities were
studied. The results showed that the diversity of host bacterial and fungal communities decreased after disinfection with different
agents. Compared with CK, T4 treatment significantly decreased bacterial OTU sequence, richness index ( Chao 1 and
Ace index ) and diversity index ( Shannon index ), T3 ~ T5 treatment significantly decreased fungal OTU sequence
(40.87% ~ 47.49% ), Chao 1 index (40.58% ~ 46.58% ) and Ace index (41.16% ~ 46.51% ). The relative abundance
of Chloroflexi, Firmicutes, Actinobacteri, Proteobacteria and Ascomycota reached more than 10%. Compared with CK,
the relative abundance of Firmicutes, Actinobacteri and Ascomycota increased in TS treatment, the relative abundance of
tolerant bacteria Bacillaceae in the Firmicutes phylum decreased slightly, and the relative abundance of Aspergillaceae in the
Ascomycota increased by 29.14%, showing as T4>T5>T3>T2>CK>T1. This study showed that different agents disinfection
changed the composition of continuous substrate bacterial and fungal community, reduced the diversity of flora, with the
mose obvious changes in Formaldehyde treatment.

Key words: drug disinfection; tomato soil-borne diseases; matrix microbial community; high-throughput sequencing
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