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1.2 MFEESHFEEYE VARG &

B REPUR L- 25400 T2 H & A R IR 1S 57
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Table 1 Counts of microbes before and after the secondary fermentation of antagonistic bacteria (cfu g™")

HEH b 2E ZiIE) HETA I=AT) RN
Fertilizer treatments Bacteria Actinomycetes Fungi Antagonists
AHUE (YR BEREHT ) (1.31+0.21) (1.27+0.35) (1.94£0.08) (4.12+0.21)
Organic fertilizer ( OF, before secondary x 10°h x 10°b x 10%a x 10°b
solid fermentation )
L2552 ( 2R K IS ) (1.91+0.48) (2.12£0.11) (2.07£0.74) (1.91+0.55)
L-25 Bioorganic fertilizer ( BOF,5, after x 10°a x 10% x 10°a x 10°a

secondary solid fermentation )

e RIFNVEE R AR R A AL PR 2 7 B3 (p<0.05) Note: Values in the same column followed by different letters are

significant differences (p <0.05)

TFRE = AR K 8 2 R . Tk K
18 52 12X 30 w3 56 U A O R R IA F 100% ,

W10 DL LA, HAEC S E AN
G T 1 A = £ 6 7 o e ol L1 I NP o U
(T1) : Hii/1975 kg hm H 40 5 & 15 4 0k
(N :P,05:K,0=10:15:25) 5 %It +/E
AR (T2) o FET1ARFRILAE & 78 5% 4% 720 K i
600 kg hm A A KA £ 3EpH; H HUE AL +L-254:
YANUE (T3) « fEMifH817.5 kg hm M E L &
A NERHEERE EniE375 kg hm 2 HYL-252E 94 HLAE,

T R AN 2 1 38 4 53 ) D 1l 1 5 R A PR 0 6D 5 5
WO A+ A A K+ D25 A HLE (T4) - R
F AT 20 K )it 600 kg hm A A KIS H3EpH, i
A5 T3AHIA] .

P - R A R E R . pH
5.45, HHLFF48.6 g kg™', &%2.29 g kg™', Wk
it & 158 mg kg™, A Wi48.9 mg kg™', LA
543 mg kg'o ARALHIAANTER XA, AKX AL1208K 40
B, DA 43 5 0,05 hm®.  FH JA) 4 3 GE AR
4 Jith P 55> b At AR ]
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TG E R PCRIY ( StepOne Plus Real-time PCR
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YR (New England Biolabs ) 23 ] 1Y = 4 H
( Phusion® High-Fidelity ) GAHGCEMPEMIPCR
JBA W ( Master Mix with GC Buffer ) o i F =%k
Al R LA B SEAT D08, B DR 1 AR R A 1
SIS IR 168 VAIX 51 H515F-806R. PCR
7 AL P 290 9 2 1) BN R R IS R AT VKRR I 5 AR
JaPCR™ W)k B AT S5 e B IR AE , SE MR &) Jn il
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Bl 25 w] (Thermo Scientific ) H5E R [ &
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A9 A A YE R ( New England Biolabs )
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Jo R IR BE SEAT B L TR, A5 B R
IR I T A RO A Uparse " #PF (Uparse
v7.0.1001, E[E ) X F A7 i i 2 A A0bn 2 7
GBI, LI9S% M —F M (Identity ) HEATIES S0
A (Operational taxonomic units, OTUs ) %
FRPIRN 32 53 0T, JFROTUR R EREL &, M
17 5 ) 5 R B O TU s L4328 35 3% 1) HE AR 43 #7 45
SO PEXFOTUsHEAT B . SRR RS ST,
(7] IS X6 4 b P AR 4> 00 2K P B AT RETR 45 1Y
E5T0R 0 0 T W T 4o W w3 v i L B D B B
FIN R BT OTUs FIFR LA SRR b . F2 0040
B ( Principal component analysis, PCA ) %5 2
1.7 HiEAkE

I s K FMicrosoft Excel 20034b8, 3%
PEA M1 % FISPSS Base Ver.13.0%8 384 ( SPSS,
IL, Chicago, [ ) #1417, /N F2ERE
(LSD) 50X (Duncan) it 22 47 Z2 5 AL
(p<0.05) .
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Ak B R 4 V0 A A T N, A% A B 1] A B A AR

2 5 B TR (F2) o 201345 T4k AR JH B 42
BB AR R E S TT2MT3A B, 78 05
2.1 WESFHBHESHIEMER EF0 A4 T2 T35 78. 1% F118.2%

20134 XF BAT 176 AE & A5 Al & 0 R 1k 3| 20144 T4 RT3 4k B3 K & A= % % 8§ R
100% , 1 T44bFR KGRI /NFX | (F1) . 40 d, T4ZLFRFE6O dJF b5 50008 B3 & T T3MT2
KA GG, 20124853 A% A, FE90 dJE B RUR B A T2 FIT3 Y 6.264%

W T, WA ; T4, &M +4 40 K+ L-254FYAHAL . FIE Note: T1l, conventional fertilization treatment; T4,

conventional fertilization + liming + L—25 Biomanuretreatment.The same below
BT ST R 25 4 AL 28 ( 20134F )

Fig. 1 Tobacco bacterial wilt controlling effect of the integrated control measures

K2 GREMIEHESHRBIHIENRASEN
Table 2 Dynamics of controlling effect of the integrated control measures on tobacco bacterial wilt

LG 9 A T A 9 B 4 R

Control efficiency in field experiments ( % )

Gy AbER

Year Treatment

30d 40 d 50d 60 d 70 d 80 d 90 d

2012 T2 3.10 £ 0.8¢c 0c 0b Oa Oa Oa Oa

T3 5.10+1.9b 2.10 +0.5b 0b Oa Oa Oa Oa

T4 9.20£3.9a 420+ 1.2a 0.90 £0.2a Oa Oa Oa Oa
2013 T2 56.3 +5.4b 54.2+2.7b 53.1+6.2¢ 50.3+5.1c 46.2 +2.2¢ 40.3 +0.8¢ 40.2+1.7¢

T3 70.6 +7.1a 72.1 £4.9a 70.3 +£2.0b 68.5+3.7b 63.2+1.7b 60.7 +1.7b 60.6 +5.3b

T4 76.5+4.2a 77.3 +6.2a 75.0+1.2a 73.8 +1.8a 73.9+3.8a 71.6 +4.3a 71.6 = 1.5a
2014 T2 67.4+5.6b 73.2+3.7b 70.3 x2.1c 70.9 £3.7b 68.5 +4.4b 11.1 = 1.4¢ 9.8 £4.2¢

T3 100a 100a 95.7+1.8a 68.5 +5.3a 68.3 +2.9b 37.5+4.1b 30.8+2.2b

T4 100a 100a 82.7+2.5b 87.6 £6.1a 85.2+7.7a 83.4+5.7a 61.3+73a

TE: T2, WG4 K T3, WHMEIE+L-25E AP T4, WG +E A K+ L-25EWANUIE. T1, 1EHRx T
B A AR PRGSO . RSV JG AR AR R FAE 4 Ab PR 22 57 3% (p<0.05) o TR Note: T2, conventional fertilization +
liming treatment; T3, conventional fertilization + L-25 Biomanure treatment. T4, conventional fertilization + liming + L-25 Biomanure
treatment. T1 as a control to calculate control efficiencyof other treatments.Values in the same column followed by different letters are

significantly different in the same year ( p <0.05) . The same below
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HF20124E 4k 60 dJ5 &b BRAR bR 43 2 & 5

Wifg, AR P EES AT (£3) o 20134

TALLH ™ 5 1 & T HAL A LB, 35T, T2

AT PR3 7145 . 1.61F5MI1.134%, T4, T3IFIT2
AR P BN T 13,4445 | 26245 F11.874% .
20 L44ETAA0 B 7™ 2 F1 ™ (H 10 % = T HA b3, T1
T2/ Ay EH 2 B o % 25, B EK
FT34bH,

R3 FEMEKE~EE

Table 3 Tobacco yield and output value of different treatments

ot i A

kb Tobacco yield ( x10° kg hm™) Tobacco output value ( x10* Yuan hm™)

Treatment 20124F 20134F 20144F 20124 20134F 20144
Year 2012 Year 2013 Year 2014 Year 2012 Year 2013 Year 2014

T1 0 3.59d 5.79¢ 0 5.91d 4.81c

T2 0 8.23¢ 6.18¢ 0 11.0¢ 5.23¢

T3 0 11.8b 8.54h 0 15.5b 11.5b

T4 0 13.3a 12.4a 0 20.3a 19.2a

23 TEFEESEREMNEKXR

MWE2HRTLVE 1, BEVER (201245 ) 45
Ab 3 I TR B AR R R AR 30 dF B EA T, —
BEARFFAEL07 efu ¢ ' H 2L L, WT2, T3FIT440H ()
Wt T AR RHL TN, BaER
10* cfu g7'4; Ll 24E B 5 (20134 ) , T14b
PR 5 R AR AE30 A EDIAEN 107 ofu o' 1, &
i A= A HIUAE Ak B A T3 RN T4 4 F3 D B 45 5
GeNg LIt s, (EA YA LR 45 b R H5 P
FET0 dZ ¥ 53 T A F6 R Y 0 R B R
TE80 d, T3HIT4AKb 3 1k it o £ it 5 45 P A B i
ZIE TGRS, T2 A B A A B
W 1.494%, SR E S 20144 T 1A A A 2
5 R B AR AESO dET RIS BT, 7850 d
J T 1Ak P i o7 400 TR b T, T 240 B T TR AL
HIET0 dF A 2B T T4 J5rE £ 0
TRAKETF10° cfu g ' B G LA, 160 5 4%
90 dJi, AAHBRTASM L4 i B EE B K =
10" cfu g '+ DL o FEBURE AR E S H 2N
B R A R A, T2 Ak T R 5 T T G B
ALK EAET2 d, T3AHAASITEE] 78 d, T4
PSP BCRE AR 90 dJ 3R & T IR pa B i, iA 3
1.23 x 10° cfu g '+, FfiE A Y16 & B ¥ sk ] A 4E
K, PR RO I S T g

24 RIFETERENYMEERFEUREIESR

LDJESES

AN [ Ak B S 55 A= Wy ) Bl E K B R
(FE13) , T1S T4 H 8GR Y 1T K A1 22 5
HE &, Tlﬂ‘}_@ﬂgplanctomyces\ Sphingobium |
Rhodanobacter, Gemmata, Candidatus_Nitrososp-
haeraflIStenotrophomonas7< A~ A =F B 7K S48 55 1)
FhEE, I Chitinophaga . Niastelia . Methy]otenera%
TR 2 B KSR s T4 4 #1755 G b
ﬁ/D\ﬁNitrospiraﬂ]Novosphingohium, WA HA
Phenylobacterium/[], HAWGAEY ]2 6]+ & 2% &
BN, I3 ATKEARGE , BT E DI REVR AL TP
B RRAE

F R (PCA ) s&—Fh A J4 ) 22 478
B rh AR B SR, IR T AR TR . X B
ZREVEIEATPCA TR, T35 T4 HE + 3 ) %2
FEMERCREBGE (Kl4) , BAMEZR T EAR, T24b 2
RS GE W) Z REPETE R PR B9 7 &R, T T 140 PR
5T2. TIMT44E P2 o) 6 R 5, Ab TR
ok

3 i ®

AHUIE S T EERUEY) (AR SE ) AHEE A
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Fig. 2 Populations of pathogens and antagonistic bacteria in soils in different years
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Fig. 3 Species abundance cluster map relative to treatment
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AbF 1 B 4 SR B i 43 il 18 310 75.2% (20134F) Al
61.3% (20144F) o fULAT W, 7EACUES o — b
. TI KA AR S R WA MR AL B AN BB i 1 7
’r M 0 & A, 38 I A A B Rt AR A HILAE X 253
REFEME A G T DAk R 1S5 1, fRE AR R
WAL, PEM PO E o A KR
pHI > A5 s p i Y (K2) , BRI IAE]
R AE DB RO . BeAh, i H ] & it

s 1 st 1 A U b B A8 75 Ao 0 4 R 1, 2013

K4 AR Z Rk E b

Fig. 4 Principal component analysis ( PCA ) analysis of B

520 144F 75 A 00 & 300 A H#EIR 30 dF140 do 3X
F TR A4S BT P 2 AR R AR B - 15 7

diversity relative to treatment 15, TEMEARBR HA R AE Sy 5 RIS DL

LA HUIE R 48, 285 — ok B K %% B2 I it A+ 45

WA DA WU S T, 4 Fh e m ik T, AR RGeS R B R v Y, B
PR BOR 12 L FEARIRE R, S0 (T1) T 3 AR A AR 25 ]
FEG, Bt A A IR AREE (T2 ) X F A 90d Y 5 A 3 7 4 AR B AT B A R I S R o R A
B 45 380843 9 40.2% (20134F ) F19.8% (2014 3XJ& i FA YA MU LER A0 ) T 40 55 R 0 &
), BiESUR T A REE, YOt AL-25EWA A, BAREZRERIIIR TRERESE i, X IR
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MRIEAR T M ZEAET, BRI 16 B A A
b, JEBIALBEE A A AT A R R, DR s R
SR . MHILEN S, T3MT44EFE20144F 40
A A B P R T 20 1 34E A AR BE, i S
B AR F20134F, 3% REUEH F20134E 330 d)E
ZNE (>30°C) @i ( >80% ) <fE, 20134F
FANIRIE30 dilt & Az, IFT3FIT 440 T J5 T B0
I LIk, AP ECR AR 70 dZ AT
YRESTWRER (K2) , 1£90 )5kl @
ARIBFLRGHE 107 ofu g 120, HETT BT R A
60% LA -5 (HE20144EF 4570 dJ5#F A m il =R <
fige , WIS T4 T3 19 435 40 11 250 B val 20 31 5 9 it T 4
ERPPECE IR R A, LR R AR A B R
107 cfu o', HEISBOHE MR &4, Hit
20 144F F I N T3 FNT4 &b B AT 3 1 By 128 % R 45
Je WA TR B ot FH A B B R R T Y AR A HL
NE S5 A A AERE Tt , (AR 2R R AR B = v 174 95 i 1 4K
HEERE R LT, BP0 £ LI
z# [25] .

R 0 b e BURE S v - HERCAE W i
FAXT B HEZ R3S HEATBE MM 26 (3 ) 1Y,
T2 PR BRI S A B A X AR A R A 2 (R 1Y)
2250 o T AR I A B kMR R A R R
100% 1)+ 48, B35 /R IR @ 3= B A 22 9 A =F
B AR DU s 1A 0 5 ) L-2 545 P
i 5 ) ) 1 A B R T A, AR A R S
IR AR B 4= 38 L2578 J8 1 R G B HEFE 3SR sk
VRN Z AN, AR R R RIS RAR I, B
A A L[] (7% ZE 4 AT R 23 7 e a0 A b T
RER PR BZEE, MACEMNSY1iCF/ fliCR
HMIBre—F/Bre—RE T T 57 /K [ A1 4G 46 28 F0 AT 18 2%
YeERPCR R ZHEATRM, SRRITE A 0 4k 1
—.

LA B 0T 4 b 7 RGO D A AT AT
AOANGIVE R, 2 R A R e )7
i, WEBGBEIRN SRS, g kR
ZeTmifa e ng R E MR R T L P R PR
I FIE R BB ARRG, HWART Y
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Integrated Bio-control of Tobacco Bacterial Wilt and Its Effect on Soil
Microobial Community Structure
LI Xiang LIU Yanxia' LU Ning CAI Liuti YUAN Youbo SHI Junxiong
( Guizhou Academy of Tobacco Science, Guiyang 550000, China )
Abstract [ Objective] Tobacco bacterial wilt is one of the most serious soil-borne pests affecting

tobacco production in Southwest China. Biocontrol of tobacco bacterial wilt has been a hot research topic in
recent years. For control of the pest, a kind of biomanure prepared out of microbes antagonistic to the pest is
used together with some proper agronomic measures, so as to achieve sustainable and healthy development

of tobacco production. [ Method] In this study, a three-year long field experiment was conducted in a
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severely wilt infected tobacco field in Guizhou Province to explore effects of the pest control measures. The
experiment was designed to have four treatments or measures, that is, T1 ( Conventional fertilization ) ,
T2 ( Conventional fertilization + liming) , T3 ( Conventional fertilization + L—25 Biomanure ) and T4
( Conventional fertilization + liming + L-25 Biomanure ) . High-throughput sequencing was done of the
microbial genome in the rhizosphere to explore effects of the integrated control measures on soil microflora.
[Result] The experiment indicated thatin 2013 Treatment T4 was significantly ( p <0.05) higher than
Treatments T2 and T3 in controlling effect during the entire tobacco growing period, and in 2014, Treatment
T4 was significantly higher than Treatments T2 and T3 in controlling effect, 60 days after transplanting and
6.26 and 1.99 times as high as Treatments T2 and T3, respectively, 90 days after transplanting. At the end
of the experiment, the pest controlling effect reached up to 61.30%. In 2013, Treatment T4 was significantly
higher than all the other treatments in tobacco yield or 3.71, 1.61 and 1.13 times as high as Treatment T1, T2
and T3, respectively. In 2014, Treatment 4 was the highest in tobacco yield and output value and Treatment
T3 was significantly higher than the other two, which were more or less the same. In 2013, although the
pathogen in the treatments amended with biomanure slowly increased in population, the counts of antagonistic
bacteria in the treatments were higher than those of pathogen during the initial 70 days after transplanting,
while in 2014, the population of pathogen in Treatment T4 was always kept below the level of 10° ¢fu g’
soil, but the counts of pathogen in all the other treatments grew beyond the level of 107 cfu g™' soil, 90 days
after transplanting and on. Treatment T4 was higher than Treatment T1 in microbial species abundance,
operational taxonomic unit ( OTU ) and Shannon index. Principal component and cluster analysis shows
that Treatments T3 and T4 were quite similar, but significantly different from Treatment T1 in microfloral
structure. [Conclusion] The integrated measure, (like Treatment T4 ) can effectively control tobacco
bacterial wilt and significantly improve yield and output value of cured-tobacco, and soil microflora as well,
which demonstrates that the measure has a promising application and extension prospect.

Key words Tobacco bacterial wilt; Integrated control measure; Pathogen; Antagonistic bacteria;

Rhizosphere microbial balance
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