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Abstract: [Background] Long-term continuous cropping of tobacco (Nicotiana tabacum)
leads to the accumulation of autotoxins, which aggravates the incidence of tobacco bacterial
wilt (TBW) caused by Ralstonia solanacearum and causing great economic losses of tobacco
production. [Objective] To develop a compound bacterial agent capable of controlling TBW
in the field with long-term continuous cropping of tobacco. [Methods] We formulated
compound bacterial agents with screened strains capable of degrading autotoxins. Orthogonal
design and single factor experiments were employed to optimize the strain ratio and the
dosages of additives. The inhibition performance of the compound bacterial agent on TBW
was evaluated in a greenhouse and in a field with continuous cropping of tobacco for 15
years. [Results] Orthogonal experiments showed that the optimal ratio of Bacillus sp. NO1,
Brucella sp. NOS, Bacillus sp. NO9, and Bacillus sp. NO10 in the compound bacterial agent
was 1:3:4:2. Single factor experiments showed that the best vector was silica. The best
wetting agent and dispersant were sodium hexametaphosphate (SHMP) and sodium
butylnaphthalene sulfonate (SBNS), respectively, which were optimized to be added at the
dosages of 2%. The optimal concentration of the stabilizer glycerin was 1.0%. Pot
experiments showed that both the degradation rate of six autotoxins and the inhibition rate of
TBW by the compound bacterial agent reached over 78%. The results of the field experiment
showed that the compound bacterial agent diluted by 100 folds had significant degradation
effects on six autotoxins in the tobacco field with continuous cropping for 15 years.
Moreover, the agent significantly increased the height, stem circumference, and waist leaf
length and width of tobacco plants, thus promoting the growth and development of tobacco.
In addition, the agent regulated the rhizosphere microbiota of tobacco, as manifested by the
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decreased relative abundance of Clostridium_sensu_stricto 1, Ralstonia, and Cellulomonas
and the increased relative abundance of Devosia, Flavobacterium, and Sphingomonas. The
agent decreased the incidence rate and disease index of TBW from 92.22% and 48.19% to
18.15% and 9.52%, respectively, with a control effect of 80%. [Conclusion] The optimized
compound bacterial agent significantly reduces the incidence rate and disease index of TBW

in the field with long-term continuous cropping of tobacco, which provides a solution for the

prevention and control of TBW.

Keywords: tobacco bacterial wilt; autotoxins; degrading bacteria; compound bacterial agent
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FITA ), )X SE G AR ok el /A0 8% B B oL
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REDI S 7 M TR . 0 SR B R N o 7R 1 T R
fp U410 R, X SRR B AT AL S5 = ST
B, WEANATFREA, fEaiarset
IR AT E R T REREAR 6 RIS AL A B
f 4 Fhis A= 9 28 04T 1 (Bacillus sp.) NO1 ., i &
IG5 (Brucella sp.) NOS . Bacillus sp. NO9 Fl
Bacillus sp. NO10, H:H Bacillus sp. NO1 HE#[#
fit 7K 1 iR (benzoic acid, BA). X #2578 H
(p-hydroxybenzaldehyde, POBA)FI4PA% — H fig —
5+-F-Jig (diisooctyl phthalate, DIOP), Brucella sp.
NO8 fE % F& fif 24- — B T K K B
(2,4-di-tert-butylphenol, DTBP)#l DIOP, Bacillus
sp. NO9 BEUEFEf# POBA FI4PZE — W2 — T Mg
(di-n-butyl phthalate, DBP), Bacillussp. NO10 GE
i 5 fif SRR — B iR — 5 T ik (diisobutyl phthalate,
DIBP)#il DIOP. A5 12 1E A i 46 Al LA 22
I XX 4 A 1 %) B b R I 5 26 Rk
17 TPtk FEPEOY T 526 3R AR R 3 AR
SRR HROCR IR Rl B B iR SR AL T 4L
RICHE

R

1.1 &8
1.1.1 REEHKREEY S

R B A 9% )R T (Ralstonia solanacear um)
1-1 b R AR B st . (IR A 22
o IV 8 T A AT T (Bacillus sp.) NO1 . A1 &[G T
(Brucella sp.) NO8 ., ZEfFT i (Bacillus sp.) NO9
I NO10 24 Ry A 206 25 R AT o

IRIGHH LSRN ) 87, Fh T HiBldL 4 R

ERFEIE B iR
.12 EFRE

NB #i5:5(g/L): 4P 3.0, HE W 10.0,
SALHN 5.0, pH7.4-7.6.

LB 1577 3k(g/L): & fLiM 10.0, BERER; 5.0,
AP 10.0,

MS 1577 3E(g/L): AIEEIETERT 20.0, D-H R
W% 20.0, BiilE 15.0,
1.1.3  Zamid

7K H iR (benzoic acid, BA) . XJ #5348 H i
(p-hydroxybenzaldehyde, POBA), 4F7K —Hfig —
5T & (diisobutyl phthalate, DIBP). 2,4- — 4 T &
7R3 (2,4-di-tert-butylphenol, DTBP), 2% — H fig
T HE(di-n-butyl phthalate, DBP)FI4P7E — H fig
— S5 (diisooctyl phthalate, DIOP)I) i3I
MLERHR A R R REBE L L R I
WA K. AR E L 44 (sodium lignosulphonate,
SLS). 7~ )t 1l TR 46 (sodium hexametaphosphate,
SHP) . £Ef#iZ4M(sodium pyrophosphate, SPP).
PEG8000 . ' (saponins powder, SP), i FE K ik
IR #M (sodium alkyl benzene sulfonate, SABS), |
Fe Z5 1% PR 4 (sodium  butylnaphthalenesulfonate,
SBS)FIH g A 5t M8 22 R FRA ]
1.2 E&EFIERECEEMIL

RHIERZ B, DEHAER, D
KK, A AR R0 N TR bR 4 BB ECE
BE W) 5T K A AT I FE AR (BR 1) BESR A
Bacillus sp. NO1 . Brucella sp. NOS8 ., Bacillus sp.
NO9 F1 Bacillus sp. NO10 i1k J5 43> Bl T
LB HigrdErf, 37 °CHESR 18 hy HALI7 /K KA
AL JE HeR T NB Bige dkrp, 30 °CHi 3% 18 he
SRJ5 5 000 r/min #5.0> 5 min M, LB
5 J5 A B IR AR 22 shl (pH. 7.2) R TR/
N R -
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x1 EHRECEEERKER

Table 1 Orthogonal test table for strain ratio

K % Factor

Level A B C D

Bacillus sp. NO1 Brucella sp. NO8 Bacillus sp. NO9 Bacillus sp. NO10

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

4 4 4 4 4

I ERERI S 60 d TR, RN
SR T & 1 kg K Lk, 54
1Bk, $2 RS ML BT AR 7 BRI TR i =
HEATRRSRAE HE, ERE R 3 d S 4R 6 Rk A
FYFi(BA. POBA, DIBP, DIOP, DTBP A
DBP)FIH A 57 /K IR, M4 600 mg/
(IR A FEYI & 100 me)Fl 10 mL/4&
(1x10° CFU/mL), 55 3 RAMEE 2 B e A&
AR (1x10° CFU/mL, 10 mL/Z5) 4 THEAR
FEAAE PRI 20 Bk, R 3 k. MHERERL 35 d
&, GEIHE AR B AR T O A ()R
i & 9% 2R (disease rate, DR),

DR=D/T x100% (N
Kb, DRAFEMIEAWE, D AWEEEIR K
HMRECH , T MHERRISEH .

1.3 EE5ETIEHEIERE

& WER R 1.2 (07 R 37 5 1 B A Lo
HRA, RIEKIEL SRR EAREE L . Fx
B I R AR 41 B EIEEE T
BE, MEAS KB e 2 WS, T 60 °CHt
FE TS WS BB R AR B R Bk . 2% GB/T
5451—2001 F1 GB/T 14825—2006 5 #4351 /&
IRy 10 W T AR 7 28 SR Pl TRV TR0
D 25 10500 B 28 T 5 PO 15 d S BT T 2
a, ERRRIREILR,
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VEA KL, BAF(SP). LSRR AN (SABS)., T 3
ZEMH R A (SBS) I MR A e e A4kt 45 T
FIFN G BG4 1% &5 i SRR A, T
TR B A , R R] | B A B il
FETTIEIA] 1.3, ARl S B A A i W R0 AN
il

B 2 S5 R A IR AR 790 J 5 0 3 ) ATe
MR R 521, 4:1, 3:1, 2:1, 1:1, 1:2, 1:3,
L4 f 15 IRE, FSEMIRS ST 5 o
I, R TR AR AN R R] 2k 4 IR AN
T ) Ay e A2 B St T L o R 4 BRI AR 9 741
MINEE 1%, 2%, 3%. 4%. 5%#1 6%[K
T G EERR A M ROk 7 e Ak i AR RN
TRIFE], A2 5 o BN i B
1.5 EAEFREFNEEEASHML

FEERAAR . BI04 SLRl B, PEICIRRES |
Hh . BRI S B RO B LA 4E 2 51 (CMC-Na)
YEN B FIHIFRETR, #5% 0.5% . 1.0% ., 1.5%F1 2.0%
W B S EERHR A, 2% GB/T 19136—2021 F5
HENGILAE(5442) °C 5 FORAF 14 d, BUETESR
R EIRSMEFRAE 90 d, METEHA &R, 15
B fe FEAS R S e e A
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1.6 E&SEFBREEFEN

TR AR KSR Al K pH I
E: ZM GB 20287—2006 ik

I Y B () A TR R ik 1.3,
1.7 EEEFEEREREPHIMRIEN

RN 4 4. CKI 4, TEtHmA
6 ML HEY R, CK2 41, LE P ImAH
Mi95 /R QR ; TG 4, Joid AT 457 /%
[CH 1 6 R L A #EW s TG2 4, Jow +h
TN M 97 KR . 6 Rkl A 29 il i
Yoy A B (100 15 B 1Y 10 mL &5,
W E 29 2x10° CFU/mL), i85 )51
A 1.2,
1.7.1 HREBSYREREIERD

B Ab PEZ AR ] 3% 50 g, ] 150 mL 1R
CERAH 3 R, Wedh 5 P T 1 mL HEE, @
HPLC & I & & T 590 X5 £k J8 B 25 9 ot 1) %
R WM ARy Agilent ZORBAX SB-C18
(5 um, 4.6 mmx250 mm), FE#E 30 °C, FBhHH
N EEKEWR . WE A 1 mL/min, A0 A
227 nm (POBA . BA), 245 nm (DIOP. DIBP Fi
DBP), 275 nm (DTBP).
1.7.2 WHESHRAREDOR)BNSIT

TR TkE 1.2,
1.8 EAEFNEXBE~PRIMRITEN

R R 55 b T A A R A A B
(108°21'E, 29°42'N). 4 F-¥< i 16.7°C, 4
BIRERR I 1 304 mm, 4P H BRI 2 096.8 he
R EH =M 87 s, #& GB/T 23221—2008
PR AR o IR R A 15 4505 1R (AR
M, ik 5 EHERIEHEFREERT 90%. K
B FH TR 720 m®, SEX 400 12 B, A5 60 m?,
FhAE 90 BRAHFE . R N:P,05:K,0=1.0:1.5:2.5,
B FH R 90 kg/hm? (52 4 B HEA Tt A . 3%

Bl 44 CK, AiiHEAHER; TFL 4,
FH 10 58 B 19 100 mL 42 4 B 70 (A 200 Wk i
25°% 2x10° CFU/ML)JEMRALFE, e B A4k 24
K 30 d J5 450t H—k; TF2 20, H 100 f5 %
e 100 mL &G 1R 50 (B 8503 Wk B2 29
2x10° CFU/ML)EMAL L, HAM S [F] TF1 4 ;
TF3 41, F 1000 f5F A9 100 mL A WA
ROE IR EE 24 2x107 CFU/mL)FERSAL TR, Hifth
ZFI T1 4.
1.8.1 MREXRZMHKRGIT

MR AT 7 d), S8 YOT
142—2010 FrfEic Bl BN bR A 2R, 42
FE ¥k & (plant height, PH) . 25 [l (stem girth,
SG). N4 (waist leaf length, WL)F % (waist
leaf width, WW),
1.8.2 {LERYIBESMRMERIFERS T

R FH AL RUBURE S AR A A A 2 AR FRL 1
H M L B b 1 BRI b, SO AR B
A, IRAIRI S0 g dEHATILER B Y RS
BT, iR 1.7,
1.83 WESHRKRLZRBLNG T

Foe IR R HUE AR A ) (GB/T
23222—2008) A& H AN ZRTE L. 0 9. 2fk
Toie; 1 P EFBATRREREE, SO 12 LIT
MR, 3 9. EEARESTE, (AR
12, s 1/2-2/3 MR EE; 5 e ZEERIE
AT ZER 12, EARBEAZEER, ol
23 VI EM a2, 7 P EHRAKIRRAZE
TER, sURRM 2 dBIHEE; 9 . WIRREEAA
FEo MR AR (DRFEA X (D)IHE, FHAHE
1516 5 (disease index, DDA (2)ITHE, 4EB;
R (control effect, CE)Z /AT (3)IHE .

DI = (DxG)/ (T x9)x100% ®)
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AP, DI TS 164, Gy Rt iR A i 42
B, DR G HAMMSFHREH , T Rk T

#H.

CE = (Dl —DIy)/ Dl x100% 3)
A, CE AABIRUR, Dlex FXT BRI 185 75 %L,
DI A FRL T FE %K -

1.84 MWHHEE~EM@RTH

A5 A SRLEABCR G | HEA T 0 S5 AR UL 5k 2
E, B GB 2635—1992 HEMRARAEXT MHIH1EF T
S, G IR AR R PAE . MIESS
Dotk IR L AR L
1.8.5 TEMZHEMNE

SR FH T RUBURE 25 93 51 R 4 CK 4H AT TF2 2H 4
ELREARIT 0 d F1 90 d AR FE 3L A o B AR Bl i
PARY T HERLIE B IR SRR R 0 LR 2
i EH AW EGFHECARA VN 16S RNA
V3-V4 XIEFEFTI YT 16S 2RI,
W5 1WIFH N 5'-CCTAYGGGRBGCASCAG-3',
W5 19818 5-GGACTACNNGGGTATCTAAT-3',
W R e © b A% 2 E R Rk = s
L, 4’5 NMDC40041463
1.9 HiEALIE

45 750 Trimmomatic (v0.36). Pear
(v0.9.6). Flash (v1.20)F1 Vsearch (v2.7.1)5 /43
IS Pr b, 2 F5ET S Silva
B 7 (https://www.arb- silva.de/)#EAT H X A6
KL GRS, RL&ERERRFH.
Fi QUIME2 4 LA 97% 1) — E ks 1 51 R 25 A%,
A ] #4E 4325 B T (operational taxonomic units,
OTU)H- 1R ARG THE A o ZFEHEFREL
B A B R SPSS 22.0 #hA7 22 St #r, H
ANOVA R T 2250 Irikiff A1y 22500 , A8 5
(Duncan) 25 55 A6 56 25 46 56 Zb B[R] 1Y 22 S 2 35 1
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(P<0.05). ¥/ R ii 5 1Y pheatmap 12 | #Ff
FEHIEH .

2 BRS04

21 EEETIEHREEEMUINER

IEAIR I LA A SRR W, X AR AR I R
I 2 5 2850 W F KA /2 Bacillus sp. NO9, JH:
X2 Bacillus sp. NO1 FI Brucella sp. NOS,
Bacillus sp. NO10 (52 MR /IN 2 F13k 3). fefE:
By $E M 2H 5 AB,CiDs
NO1:Brucella sp. NO8:Bacillus sp. NO9:Bacillus
sp. NO10=1:2:4:3, i — X R LR PRIC LA T
ok, 25 00N 2Rk M B R e e N
16.67%, LLELAHRMRAC L (1:1:1:1, DR=20.37%)
BRI T 18.16%.
22 EEEFIHAEMUMER

DL e R AE S A 1 52 6 TR SR Ay i 0 st
Al f 4 (25.8 s), HERRYBCE 15 d 5 T B AR
| £(2.02x10" CFU/g), W& (1.46 L/kg)Fl
BIE R (64.39%) UK TIE £, HpMERZ
(B 1o Zi6 LT e AL 52 65 781 7] W2 B 12
O3 R KRS PRI ), S A PR i RAE N
Rl 42N
2.3 EAEN9BEGFEE 6 R R E
A RYZE R

e A 19 A0 BRI AT 8 700 2 7S I B R 4 (SHP)
T BLZEME RN (SBS), HAB T390 68.80%
F166.22%, WHIRHIAIS00 23.6 s 1 34.4 s, KA
FRIFIAAIE 15 d JE TG EECE 310 1.88x10" CFU/g
1 1.84x10" CFU/g (d 2A . 2B). JF-—#¥ SHP .
SBS AL —E W LR G, &3 SHP
F1SBS BTN 1:1 RN 4% RO i
BIRRN 75.87%, TENEETE] A 28.8 s (K] 2C. 2D).

H Bacillus sp.
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x2 EXAKHER
Table 2 The results of orthogonal test

i HE Factor R
Code  A:Bacillussp. NO1 B: Brucella sp. NOS C: Bacillus sp. NO9 D: Bacillussp. NO10 DR (%)
1 1 1 1 1 20.37
2 3 3 1 3 27.78
3 4 4 1 4 29.63
4 2 2 1 2 25.93
5 2 4 3 1 24.88
6 4 3 2 1 27.78
7 3 2 4 1 22.22
8 1 4 4 3 16.67
9 4 1 4 2 24.07
10 1 3 3 2 20.85
11 2 3 4 4 18.52
12 2 1 2 3 27.81
13 3 1 3 4 24.74
14 3 4 2 2 27.06
15 4 2 3 3 18.52
16 1 2 2 4 24.25
K, 71.14 85.57 93.19 83.73

K, 84.14 78.79 94.90 85.43

Ks 88.90 82.45 74.48 78.65

K4 87.87 85.24 69.48 84.24

k; 17.78 21.39 23.30 20.93

ky 21.03 19.70 23.72 21.36

ks 22.22 20.61 18.62 19.66

Ky 21.97 21.31 17.37 21.06

R 4.44 1.70 6.35 1.69

[ % K Priority of each factor C>A>B>D

A4l A Optimal composition AB,C,D;

Kiv Koo Ko Ky FOREE S 4 MACEIY AR BA Ky ko Ko ke ZOREIZR T 4 AT LRRM T RFRME
K1, Ki, K3 and K, represent the sum of DR of the four levels in the factor; k;, ks, k; and ky represent the average value of DR at
four levels among the factors; R stands for range.

xk3 BELTEHFEFHER
Table 3 ANOVA analysis results of variance

75 S R YA Uy A ¥y F 14 P
Source Sum of squares df Mean square F value P value
A 50.121 3 16.707 1.485 0.376
B 7.412 3 2.471 0.220 0.878
C 125.207 3 41.736 3.710 0.155
D 6.724 3 2.241 0.199 0.891
%2 Error 33.745 3 11.248

BT Total 223.210 16
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El1 BFNEESEFIOEE  A-D XoR 4 FEIRRRHGE S . BRER | BRI EEIE. AR

INEFEERIN 0.05 K B ZES. TR
Figure 1

The influence of carrier on compound bacterial agents. The adsorption capacity (A), wetting time (B),

suspension rate (C) and stability (D) of four kinds of carriers were determined. Different lowercase letters

indicate differences at the 0.05 level. The same below.

24 ESAEFREFNEEREAZSMMK
SIS

e AERIRRUE R, B 1.0%H M E
A HEFITE(54£2) °CAF 14 d Ja H A s
HH 72.68% (Kl 3A), TEZ IR Z T 90 d J5 7+
%K 80.34% (& 3B).
2.5 EEEFIREHEFRENZER

AR E S RN 2.03x10"° CFU/g, AN
S, BIRR N 78.06%, TR E] A 34.8 s,
pH k1 7.4, %R 98%, /KA K 2.7% (£ 4), FF

<l actamicro@im.ac.cn, & 010-64807516

B AR PR P 0 50 ] 230 HE(GB 20287—2006)
26 EAEFNEREREPHRESER

W X X B ZH CK1 . AbFE4H TG1 i
TEAEAMLMA TG2, KM ESE
FIALFE 30 d J51 TG2 4h 6 FiibIR A Y
JE ) B B L A PR A%, HiHP POBA )
5% 4 B 5 (15.13 mg/kg-13), DIBP f5k 4
I AK(5.37 mg/keg- 1) (Bl 4), ALK EGHE
F AT LA e R0 PR R A 1 S ) 2 AR A
FEY
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2 SEFIFEENNESEFNEMEERSNML A B: 7 FEGHFNER RS TER . R
B FASE MR E. C. D A3 ORI AT ] A i L A A4k, SLS: ARTRRRHN; SHP: NIWBERREN ;
SPP: FEWERREN; SP: RiF; SABS: LiiRAMRMN; SBS: T RZRMAMRIN

Figure 2 Selection and dosage optimization of dispersants and wetting agents. A, B: Determination of
suspension rate, wetting time and stability of seven dispersants and wetting agents. C, D: Optimization of the
ratio and dosage of dispersant and wetting agent. SLS: Sodium lignosulphonate; SHP: Sodium
hexametaphosphate; SPP: Sodium pyrophosphate; SP: Saponins powder; SABS: Sodium alkyl benzene
sulfonate; SBS: Sodium butylnaphthalenesulfonate.

3 BREFIMESEFNEMEEASENML A 4 FRERNESREAAEFEERZM. B:
HliilaEh=dEikr Nt
Figure 3  Selection and dosage optimization of stabilizers. A: The influence of stabilizers on thermal storage

stability. B: Optimization of glycerin dosage.
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x4 WIEMEMTIRERFEN
Table 4 Quality inspection of wettable powder

845 Index

[E Z FrifE National standard

1l {8 Measuring value

B >2x10° 2.03x10"
Living bacteria content (CFU/g)
PR <20% 0
Contaminating microorganism rate (%)
FESRLES >70 78.06+2.22
Suspension rate (%)
T[] <180 34.80+1.17
Wetting time (s)
pH YLl 5.5-8.5 7.40+0.11
pH range
i >80 98.00+0.60
Fineness (%)
7K 43 Water content (%) <35 2.70+0.14
1 CK1 = CK2 EATGl BEBTG2
100 |
mE 80f
=
23% of
)
£ewr
mEE
He 20
a
DTBP DIBP DIOP DBP POBA BA
PAs
B4 EEEFIMNEHTREPUERESVRAER

Figure 4 Degradation of PAs in pot soil by compound bacterial agents.

HAELRTE ST KB CK2 2H Ay A& 5
b 48.33%, TGl M EFHEN 80.00%, 1fi TG2
H I WG RAUN 16.67%, 43I H CK2 4 F1 TG1
LT 31.66%F1 63.33%, HLOUALHETHY & k3
(20.37%)FEAK T 18.16% (& 5), MK A H It
B R s H A B B s R
27 EEEFIEXREKEFHRESER

IHH2HE 90 d J5 3 LB IRkR A AR 2ok
RILTF 43 CK AR ZHREBH R
225, HHH 100 f5FRE 0GR (TF2) A 3
MR K R (106.36 cm) . Z£[(9.51 cm), &M
K(78.12 cm)FIEM- 55 (28.73 cm)Z5 4R 2R

<l actamicro@im.ac.cn, & 010-64807516

47, 10 SRR E A WRI(TFDAR B IR Z,
1 000 {4 B 1 52 5 R (TE3) M BRI 22 (K 5),
TG AT 100 A5 B AL FEXT R R 1) i A=
VEFfcdt o

T REAR 90 d J5 6 FhikEk A 84 B ik
mo# ., H b DBP B R & E, B #H
5.2 mgkg-T+ (K 6). Lt NEFBEMAENE
AHEAEILE, 6 AL A EY R R R
A, oA 100 £5% B 09 &2 4 TR (TF2) b 21
1) 83R B b, BRI R IR B T 65.63%
(DTBP).76.32% (DIBP) . 84.42% (DIOP).75.00%
(DBP). 42.10% (POBA)F 55.56% (BA).
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K HE R RS R BR CK 4
B % % F (DR) N 92.22% , ¥ 1% 18 B (DI) N
48.19%. 5 CK 4itAth, #4368 2k
R A 0 K e s T 4, Horh TF2 1Y
Bl P8R e i, DR 1 DI43 514 18.15%F19.52%,
F CK 4B FFE T 74.07%F01 38.67%, BiiGRk
I T 80.00% (K 7), FUARMAEAEHEF 100
FERR R AL BT D) SR B R A 1 R A

XK S JE A 2 5 MR T G, 45 Ah B
HIB M A TRk E T XA, Hd TF2 4
25 HE B (40.18%) B HR A4 HE 4511 (80.33%)
MM (19.91 Jo/kg)h (R 6), WERG M
PRI ZBENEL

x5 EAETFEERFMHKAZNT

100

) ﬁ

'+ W N
O lq__| 1 1 1
CK1 CK2 TG1 TG2
AbHE

Treatment

5 EAETINARBESHRLRENFIT
Figure 5 Effects of compound bacterial agents on
the DR of TBW in pot experiments.

Table 5 Effects of compound bacterial agents on agronomic traits of tobacco

4bFE Treatment B e R -5

PH (cm) SG (cm) WL (cm) WW (cm)
CK 85.11+4.05¢ 7.65+0.62¢ 70.89+3.18b 25.85+1.88b
TF1 102.09+6.25a 9.28+0.41a 76.49+4.47a 28.31+1.26ab
TF2 106.36+6.59a 9.5140.62a 78.124+4.81a 28.73+1.63a
TF3 94.224+4.78b 8.36+0.58b 74.67+3.29a 27.21+£2.01ab

() —ZAN R ) /N =7 Bk 7S Ak BB A7 7 35 1 22 53 (P<0.05). T [+]

Different letters indicate significant difference (P<0.05) according to Duncan’s multiple range test. The same below.

6 EAEFNEFLRPURE SRR

DBP POB BA

PAs

Figure 6 Degradation of PAs in continuous cropping soil by compound bacterial agents.
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100 a — DR DI
T
80
o b
=
< T
%60— .
-‘E T
€ 40t b
£ " B
L C
20 ﬂd ’:—IT
0

CK TF1 TF2 TF3
Ak
Treatment
7 EEEFINAKHBEESHRLREMRE
oL A
Figure 7 Effects of compound bacterial agents on
the DR and DI of TBW in field experiments.

*6 EAEFNBEZFMERIFN

e, AT E Tt 2 A R A AR R
B - A TR RE 2 A AR Ak o A 524 TR 77 A 2
FIAE BT AR A A 90 d 5 HAR [+ 40 OTU
K+, Shannon #8%%. Simpson 5% . Ace 5%k
Fl Chaol $8 504 T [, MTEm I G HAG,
MR R0 EH OTU EJEM 814 AN TNE] 1 196 4,
MR 31.94%; Shannon FEEIE NN T 24.64%,
Simpson F8 B N T 12.27%, Ace 5 5 Fl Chaol
TR BIEAN T 39.20%F0 41.24% (£ 7), #
A it 1) 52 G T 710 UG 8 34 o 08 AR ] A o 2 R
TEVE (1) Z2 A8, SORT D3 v L o i o BV 1

=¥

Table 6 Effects of compound bacterial agents on economic properties of tobacco

AbFE Treatments EEFEH ) Hh A A L B Bt
Rate of first-class tobacco (%) Rate of medium-class tobacco (%) Average price (RMB/kg)
CK 20.79+1.55d 56.74+2.36¢ 17.30+1.11¢
TF1 37.92+2.04b 72.20+3.95a 18.55+1.06b
TF2 40.18+2.29a 80.334+4.05a 19.91+1.34a
TF3 34.75+1.72¢ 66.27+3.12b 18.02+1.18bc

*x7 EAEFNEERELTIRAE OTU FEM o DRI

Table 7 Effects of compound bacterial agents on OTU richness and alpha diversity indices of rhizosphere soil

bacterial communities

Sample OTU Shannon Simpson Ace Chaol Coverage

CK-0d 757+19b 3.513+0.238c¢ 0.805+0.032b 1206.890+78.360b  74.799+3.211b 0.991+0.002
CK-90d  701+18b 2.957+0.204c¢ 0.587+0.027¢ 974.538+31.248¢ 58.997+2.018d 0.993+0.001
TF2-0d 814+27b 4.236+0.355b 0.823+0.045b 1 064.880+40.332¢c  65.715+2.337¢ 0.994+0.002
TF2-90d 1 196+%4a 5.621+0.414a 0.924+0.047a 1 751.405+50.751a  111.829+3.916a 0.987+0.006

WE2 OTU HHURIFSI P A RRAE R,
FATE— 200 T 5 A TR Ak PR AR HOAR A
SEA AL DKF(EEEHEA AT 10)FE A (R
HEZH 35) ERIBEE AT AE . TR ERREHE

<l actamicro@im.ac.cn, & 010-64807516

ZHT 10 RS AR IE B ] (Proteobacteria) . g
¥ B 11 (Acidobacteria) . it %k ']
(Actinobacteria)y . % i W ]
(Gemmatimonadetes) . £¢Z5 | J(Chloroflexi). 1
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FF I 1] (Bacteroidetes) . JERER ] (Firmicutes) .
unclassified Bacteria . JEf{ [ ] (Verrucomicrobia)
FIVF 75 % ] (Planctomycetes) (& 8A). 5 CK #
L, TF2 I7EMR RS AR 90 d & HAR [l 4 41 7 78
[ BN TR B 2R, HhBPRE
1. R SRR ERER T 4
AT 35.71% . 126.93% . 24.22% F
388.04%, TMMRFFEIT. ZFHRMETT . EME
FIFERE W30 1 54.71% ., 33.62%.
72.32%H1 75.11%

M E AR 90 d J5, FEEHEART 35 N8
A 16 ANE IR A T B, Hi
e AR HE 1 (Clostridium_sensu_stricto 1), 77

A
100
90
9
%’ 80 = Others
5 = Planctomycetes
E 70 = Verrucomicrobia
2
e ® Unclassified Bacteria
5 60
8 u Firmicutes
c
_g 50 ® Bacteroidetes
_§ - = Chioroflexi
é‘ Gemmatimonadetes
3
E 30 u Actinobacteria
é u Acidobacteria
S
= 20 ® Proteobacteria
S
& 10
0

8 EAEFINEERETIRAERELEMAIFMN.

R OIK B J8 (Ralstonia) . £ 4k L )@
(Cellulomonas). izt 14 J& (Acidibacter) . +1f
¥ J& (Terrisporobacter) . i A i J&
(Pseudomonas) . % %+ H.Jitd J& (Senotrophomonas)
AR FC T (Wi ssell &) f4 AF X 3 JBE R
# Ik Wy W )8 (Devosia) . ® M W B
(Flavobacterium) . #§ 2 B 2 jg )&
(Sphingomonas) . A~ zfj#1 % J& (Acinetobacter) . %L,
BKTH & (Lactococcus) . 4577 J& (Sreptomyces) . 2
2F 0 ¥T i J& (Paenibacillus) fil 70 3 + T & J&
(Ramlibacter) AR XS = BERG AN, (HARXS 3= B2 RS
B A= 8 e AR 5 B2 B ARG Y A ) e D
(151 8B, 3 8).

| Lactococcus
Leuconostoc

Olivibacter

‘ Aeromonas

[ | | Rhodopseudomonas
Sphingopyxis

=1 sphin 0mMonas
| Shinella

1

3
2
1
0
-2
i3
} |[ Ochrobactrum

Achromobacter

Flavobacterium

Devosia

Ramlibacter

Paenibacillus
Streptomyces
Clostridium_sensu_stricto_1

| 1

% Methylobacterium
Delftia
Ralstonia
Acidibacter
Weissella
Terrisporobacter
Brevundimonas
Stenotrophomonas
Pseudomonas

[ | Turicibacter
| L
[l
{[
|
Neisseria

Sphingobacterium

scherichia-Shigella
nghin obium

hizobium

— Acinetobacter
Chryseobacterium

] Streotococcus

Terrimonas

A: [TKF. B: JE/KF

Figure 8 Effects of compound bacterial agents on the bacteria community structure of tobacco rhizosphere

soil at the phylum (A) and genus (B) levels.
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*8 EAEMLEINIEERBKTFFELEGEZERNRELAE

Table 8 The rhizosphere bacteria with significantly differences at genus level after 90 d of treatment

Pfh CK IR EIM o TR AR . BT P YR R T
Genus Relative abundance of Relative abundance of genus Significant difference The rise/fall of relative
genus in CK in TF2 level P value abundance of genus

Clostridium_ 0.007 3+0.004 1 0.001 6+0.002 6 0.0114 l

sensu_stricto_1

Ralstonia 0.031 6+0.010 5 0.002 2+0.000 4 0.0170 l

Devosia 0.005 2+0.002 5 0.024 5+0.005 0 0.022 1 i

Acidibacter 0.030 1+0.008 6 0.002 3+0.001 2 0.021 1 l

Flavobacterium 0.005 3+0.001 4 0.022 0+£0.007 5 0.0380 i

Sphingomonas 0.001 2+0.000 3 0.029 4+0.002 2 0.002 8 i

Acinetobacter 0.001 0+0.000 2 0.011 7+£0.004 1 0.0213 1

Lactococcus 0.001 8+0.000 7 0.010 5+0.002 2 0.018 1 i

Sreptomyces 0.003 4+0.001 0 0.009 6+0.001 9 0.038 6 i

Delftia 0.026 9+0.002 6 0.002 4+0.001 0 0.023 2 l

Terrisporobacter 0.012 8+0.001 4 0.002 8+0.000 9 0.018 9 l

Paenibacillus 0.003 5+0.000 4 0.005 9+0.000 9 0.029 3 i

Ramlibacter 0.002 9+0.000 6 0.005 4+0.000 7 0.024 3 il

Pseudomonas 0.010 5+0.003 4 0.001 3+0.000 4 0.030 2 l

Senotrophomonas  0.018 6+0.002 7 0.005 1+0.000 9 0.040 7 !

Weissella 0.028 4+0.002 1 0.007 7+0.001 1 0.022 1 l

3 W54

ARV Z WP R A B Y R
B AR R R 22— KA

ST A Y R R

VAN IA
/z\ )2

MR AR QS

Fow FE R, BN, Egal, MEH Y
TR A AT RS R R T G ARk A
B ST 2 B 5 AR R R B 2 R B A ) —
mERE, HAr kR A Y RA
TR . SRR . AR . WEERR . RO RERR . 1
IR . KT ER(BA). AR, TR . R
F 2 — 5% T HR(DIBP) ., 47K — FH iR —2F iR fI4R
TR AR ER(DIOP)AEN P RR S F fiff ik 4k
LI A B R A S g — s e sk
T, I A 4 [ B i 22 b A0 J8% B 22 ) o T
1T TBW B AE Wi 16 A A e 18 o A58
4 BREEMI%f% BA. POBA. DIBP, DTBP, DBP
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1 DIOP X 6 Fi{k gk F 2540 Jot i B2 A 127 il VE 52
A I R A = B — 5 R i
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L OWEHE . AR . R . BN RE
o RN SORG R ZEP, EAT DUE R I AR B,
1 K F AT AILAL A W RO 1 3% 43 F0 o3 W A )
FERAR FAR R TE T L AR R | AR ERE A
KB M REAE T2, ik,
T3 YY), TE R BTBUAE R
AR 49 2 TR I 3R 1 A 7 8y T EL A EE A
FAMAE, (5w R & I HA B AR A 9
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1 DIOP, KU & [RIEHAVE R —Fh A By i m
FHTAE Y B A BV AR, #0081 A& IS 1 1
FHYE

A B TS . AR R A KRR



Wi 4 | AR, 2024, 64(4)

1059

(3% pH {B . HH[R)JR R SR R A3 ) IR 2R
P52 M 23 1 RCHS B TR ROR BRAR BN | TS
TSIy 3§ 11| B2 S R 1 s A e RS RS
1. WM RA RNy, DRUE T A B AR )
RERY AP Al R R A P AR . A
R e R AR BT 2 AR A B A
A= A 25 15 I S LR R > — | TR W i
FHLCE G . P o 351 2 o i 2 (A= 6 TR
LAY . TEVEEDRH B ZAA) . A3 EGR] L TR
B R30S BhFRR A S5 A5 2 — e 4
PRI, AT AR B RL, R RERRAIR A Y,
AEFEIHRIE L 10% 8938 AR AR . 2%
CMC-Na fEZ G . 7% A Jo 22 ik R 5 4 11 ik
F 0. 1% MRS 1 R ORI R, PN A= o e 2R 7
FEBA 011 ATV 551 9 25 TG B e £, 2179 2470
G 1.8x10"° CFU/g, BIFHRN 76%, THiEnt
[k 52 so 3 Iel S POTF & A s o 2 AT T
262X Y 2] A R e A A B, TN
SIEGRN 10% 09 T e LR N, FaE FIh 2%
BiER A, HISEECH 2.19x10"° CFU/g, &
TR 84%, IR A 23.8 s, 24F K N 0.8%.
A AIF 5 ] 5 0 AT Ry ) B R [ BBk
2.03x10' CFU/g, B 7EH H(78.06+2.22)%, iR
i 1E) A7 (34.801.17) s, 22 B A 01 FRIEH(HA
K e, FLIR PR AT RE S B R 2E AT B8 A R 2R —
e, BT BIFIEA S0 .

FEATINA I B 52 W) 5 5 ik 3803 R A s B
A ORI A2 T R0 A I RN R T R A R
AT TP AR 6 Rk A YR
FEAR2ETE 42%-95%, FHIE G TR ek i 1
T AR B BT, (R R RIS AR B 3R S
—FEXRIER A B TR T 50 AR AR, LD DR AT
= LR A AN, GRS . pH.
ek R B 5 5 SRR PO [R] LR A R, R SO
AR R R P R TR I B BE ) e B RE R

W, AT B R0 R RN AT 100
TP BB AL B (TF2 )76 0 A H [ 30 P Xt 75
W57 R IR IR ROAE 80% A AT, o T R
LA NG R TMN-1 [ [ 254 5 A R R
KB IR T MR I BCR(54%) . (L EG AR TE R 2R AT
ZM9 5777 SRR A TR P B R 2
(83%), FHJ5PA AT B A — AR I 5 2 rdy A i T 791
FAEINRE i — G RE S 22 57 AR Lk A IR
FEAR B IARICR AN BAEL, TRE AN [ D) BE ) 2R 7 7R
A B G 2L A A5 B Z I RENE LS AN AT
FRURAE B T 1 e JR 4

TER FHRER F, FA e B e e J3E 1) 5245 R 5
(10 A7 T ) Xk 7 R ) 73 3 28R RIS A e A
e PERCR AL TR B Y B2 51470 (1 000 1557
B, AR Bk B 1 5 R (100 A5 R, I
JEL IR AT REJEAE — RE WSS N, 3 At 1) B 4 A
R 14 02 A2 ROR 2 BE A 52 6 T R T 58 P 48 iy B
B S, (AfedtfE 2 B BIE . R AR
FRN A R 2o sy, — T3 T2 PR A SR g A AR
LA A , 25 MR AR B A P A5 A i v
A FR TP E IR MASALA, EMHA F R
[ o Qo A 1A 2 T, S B A T Al
— B0 5y — Oy T2 3 A 3L B A TR
o, FECEEE pH. RN B A
R 3 I IR I P ARG , AN 7 A 14 B 36 KA
BRI I A v e B 1 T 700 2 48 i 22 5
A, T FH () RIS I P s Ji™ B VR 9%, DLt
FRATIERES S TR 100 15 H BB EA T AR

AR B T W s AR P R AR B LT A
FAZAE S AR PR, B R A B e it
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