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Abstract: To evaluate the efficacy of combined application of trichloroisocyanuric acid (TCCA)
and microbial agent DW8 on control of tobacco bacterial wilt, field trials with tobacco cultivar
Yunyan 121 as research material were conducted with four treatments: TCCA, DW8, TCCA+
DW8 and control. We assessed the disease incidence, measured tobacco agronomic traits. and
analyzed the rhizosphere microbiome structure and function during the peak period of disease.
The results showed that TCCA+DWS8 combination can effectively control the tobacco bacterial
wilt disease, with relative control efficacy of 66.57%. Both TCCA+DWS8 and DWS alone signif-
icantly restructured the rhizobacterial communities, in which, DWS8 treatment enriched the ben-
eficial bacterial such as genera of Bacillus and Streptomyces, and suppressed pathogen-associat-
ed Fusarium. This shift established a disease-suppressive microbiome conducive to plant growth
and resistance. In conclusion, soil disinfection with TCCA combined with the microbial agent
DW8 is an effective strategy for the control of tobacco bacterial wilt. This integrated approach
provides theoretical basis and technical support for the green control of soil-borne tobacco disea-
ses.
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E4iil) TCCA 2 805.09+104.33a 2 800.93+105.11a 7.11£0.16a 0.003+£0.001a 1.00
DWS 2 741.89+133.18a 2 737.59+128.88a 7.02+0.09a 0.003+0.001a 1.00
TCCA+DWS8 2 900.334392.39a 2 894.27+387.84a 7.0640.3a 0.004=0.003a 1.00
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AEXTFEFE N 16.82% . HLM B T TAH XS E Bl 6.21% , IR EE W T IAHXT BN 5.24 % 5 BUFF R 1] 7
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54 M E ¥ http://xbbjb. swu. edu. cn %4 kK

FHERER S, X T CK, 23 DWS8 BRAK 1 it 71 8 (Fusarium) (AR 5B 5 118 &l W 5
ZMAYIR TG . B AR A A B2 5 o R R R A 2N MY SR T A A I fE
T+ DTG A A A A BB T T M A A P PR 5

o
@
1

o
o
1

0.4

Relative abundance on Genus level

0.2 1

0.8

0.4

Relative abundance on Genus level

0.2

Community barplot analysis

M norank_f__Gemmatimonadaceae

M norank_o__Vicinamibacterales

M Sphingomonas

M norank_f__Nitrososphaeraceae

[ norank_o__ Gaiellales

M Chryseolinea

I unclassified_f _Mic

M norank_f_JG30-KF-AS9

M norank_o__SBR1031
norank_f__Vicinamibacteraceae

W RB41

M Bacillus

M norank_f__Roseiflexaceae

M norank_f_JG30-KF-CM45

ified_f_Nitr

B unck of
¥ norank_f__WD2101_soil_group
[ | lassified_f _Xanthobact
M norank_f__SC-I-84

4\“’

&

9

&

A 4

9
<L

N\
XQQ\
¥
<©

r 9
X
¥
<L

q\%

1 Pseudolabrys
[ Streptomyces
M norank_o__Acidobacteriales

a. AHRE S

Community barplot analysis

M Botryotrichum
W Mortierella

M Aspergillus
M unclassified_k__Fungi
[l Conocybe

M Leucoagaricus

[ Phialemonium

M Papulaspora

M unclassified_f__Micr

W norank_f_A4b

M Candidatus_Udaeobacter

M Gemmatimonas

W unclassified_k__norank_d__Bacteria
W norank_f_67-14

[ norank_c__KD4-96

M Bryobacter

M norank_o__Rokubacteriales

[ unclassified_o__Bacillales

[ others

M Setophoma

M Trichoderma

M unclassified_o__S
] Marquandomyces

W Microascales_gen_Incertae_sedis
[l Thelonectria

M Solicoccozyma

M Leucocoprinus

Neocosmospora
[ Chaetomidium
M Fusarium
M Coprinellus
M Coniochaeta
W Fungi_gen_Incertae_sedis

- I- fﬁed_f_ M.
M Polyschema
M Pseudothielavia

& W Penicillium

Q

¥ Linnemannia
W Pumpureocillium
b. AL

[ others

R AL B R AR R A W B B KT M e



% 6 REARF.ZAFFABRSE DWS AN MEF KRB & X RFR 55

3 iS5l
3.1 it

A R BV A E R AR R A T SRR N 2 R B O
VEYI I 7= 5 5 . P B A — B AR R 400 i #0022 — . B4R, 2R WA B
TR TE T R O TS T S R DU LA R R S AR B A N B B Y B R R,
A D[R] AT AE BEAR R AR W) 4R 4= e IR 0 TR s AL AVE Y B S BU BE 0 . DA 52 B0 X 3 Ak e S 4F
O EL R R a0 AR e e R R A R S A T ST Ak B b g, R el s D R TR B
i BESIAREE A B sk . BN, g (AR Ik B 0 SR B 2 e R SIS O B R Ak B A3, AT LA
AU D - b S A T B, 2 R AR A Y AR B bR (N 2E AT R R SRR R D . X
SO 85 SR W N AL RE S Al e D BT AR A 1 A5 TR . IS RE A AP TR A I RS R B AR K, H A
PSR GEARAT B AL . DT IR B P R B R H e, S E SN s R,
T 75 700 A G2 A BILIE B AE B 0500 P A RCER 3 VR i O AR R IR Rg SR i R RO B AR
FPERE . R SEA R A KOF R &, B AR R I, A REAR 3 o I A Y Ll b, 4
BRI NE & T T 5 - 1T B R0 G A it R ART ARSI+ S b S B E P R 2, IR R R R
AE Y Z AR, I el I A W A S A A

AT A A SRR # S DWS A i Wi Prmth R sEms, #\R T HEH
i B R R P AN R . MAEFIIF R B, TCCA E R 3 S AL PRI #5570, 38 2 B Ok S
2 57 ¥ B A% KSR PR 1 b (0 5 Rl v DR e O R B 0 = BB AT oy Jis 2 A By 1 9 ) i
IGSE G M I AR BE . I DWS 76 T 8 570 A0 HS 1 S0 2 25 00 P DR 3 5, o 8 T 1) 9 A o Bl
P, KR T AR Y PR A B E P b B . Lk DWS I8 7T 58 43 36 50 18 40 50 DA I 980 R R R 40
PUPEAROCHE R, EARBLGI M 1F i — D90 . N R G Bk E 1A Ak B o “ b 2% 0 4 —
A=) o5 7 B RN o AN AN RE A% R AT IR AR R B IR AR AR I A R A RIS R T L N
117 A 8 B R e Y IR R S R G, ALY Y H SR B BE 1 . S BT AR 4 1 R B
P % E R WS TERE TR G Ak 24 B IE A T 2 Pk DRI BE (R RN R T B — A By YA e L i
B, AR B RSP0 s A EAERUE D AL E AR A R R R A TR, o
AR S T PR R T & B T S SL A
3.2 g

P[] a0 25 SR 3R W, 2% A BT 068 0 A 75 100 T s, A5 01 R4 T 0 TCCA+DW8 4b # 7
o R T AR ZE BB b S AR T A G e R T AR BN A S R 891 YoM 16.58 Yo CFF
R R | ZE A IR AR R 12,76 %M1 7.30 Y. BB TCCA+DWS B[] 4b BEAE 9% A 25 4
1 AT TS TR AR BE . e A A S, T A B X AR A — A
BT 250 TCCA 5l b B AR 0% A 2 57 16 75 Al o HLJS 99 FORH 0T B R AIR . T 2B Bl 7 DWS B
A SRAE 5 A R I B B R, R T AR IR R e e AR E M. Bk UL, TCCA+DWS
B A Ak K 7 RS 1 B AL AT 3K 66.57 %0, B OEF A . ULEH A S FURIR 50 g/667 m® MY
DW8 300 mL/ Bk AR T B H A . FIRGIR N AEY— =B A DAt T S8 AR, 5T
SR T e L R R A AT . B, B R RLAE B B R G B YA T A R (A E— P TR A
5T AT & R

FEXT HR FEAR B L S A= W 4544 5 DI RE Y 23 B b . & T Bray-Curtis BB 19 PCoA 434 WK
DWS8 b3, TCCA+DWS8 &b A B8 2H 75 32 42 b5 25 [8] N 52 BB 2 19 25 18] 73 B a4 (1 2a, 2b),



56 M E ¥ http://xbbjb. swu. edu. cn F 4K

H DWS 4b 3 5 % B8 45 B 43 85 BE B A K ANOSIM #6556 g — 20 E 52, 4% 4b BRAE S 1) A4 40 18 R 7%
HEIZERRKTHNLES, HEHE LR BE (R =0.3484, p=0.001 0), &I DWS Y5 A i 3
OSSN TR R LR B REVE AR . TTKOE b AN ] Ak B A R AR B S A P B R A R
A —F (3, A& IR PRI T & LA AE 22 55 FEJB KPS [ Ak 3420 0% 0 R AR B+ 38 3
A FETE AR — BB O IR AR A T — AR, LA . X IRAL W
MR bR H A Y250 5 H R AR K ZE R, I H Y5 DWS il TCCA+DWS 4b 3 2= 57 i
K, ZEERGHER AR 20 BEH = & 5 FUR BRI 3 7 35 56 #5508 DWS i B jits
FEVUTH DWS RE 5 2078 N R AR BR - 1 1A W v 45 40 DT A 200 B 7 00 B A 2505 5

S X3

(1] MURZ:, Z84. MO0, S5 BB 5T HE A & AR sl S B iR SRS [J]. MES, 2022, 1(1): 90-96.

[2] GENIN S, DENNY T P. Pathogenomics of the Ralstonia solanacearum Species Complex [J]. Annual Review of
Phytopathology, 2012, 50: 67-89.

[3] YANGL, WUL T, YAO X Y. et al. Hydroxycoumarins: New, Effective Plant-Derived Compounds Reduce
Ralstonia pseudosolanacearum Populations and Control Tobacco Bacterial Wilt [J]. Microbiological Research,
2018, 215: 15-21.

[4] LOWE-POWER T M, KHOKHANI D, ALLEN C. How Ralstonia solanacearum Exploits and Thrives in the
Flowing Plant Xylem Environment [J]. Trends in Microbiology, 2018, 26(11): 929-942.

[5] MA X Z, XIANG S Y, XIE HJ, et al. Fabrication of pH-Sensitive Tetramycin Releasing Gel and Its Antibacte-
rial Bioactivity Against Ralstonia solanacearum[]]. Molecules, 2019, 24(19) . 3606.

L6] T, XUB, 2040y, 5. JAEHE AR 0 RUR M SR A7 308 [T, M EEE ., 2020(2) : 1-10.

(7] B4R, B R, PNIESE, 4. Z5 0% VR 5 A AN 5] & 9 I 30 iy JE AR Bn - 8 4 18 IR 98 8 AL AR AE [T, B
R, 2022, 62(9): 3464-3477.

(81 FRBRMG. A% 75 40 () By i B e b e (1], BUACRML B, 20211 : 111-113.

(o] Amilh4, 248, PhRUR, 5. M T AR A WP pF R kR [T, MY BEA:, 2021(2): 4-8.

(100 M H ., BEAE L. MR ARG 0 R AR S LA BNAEOR [T]. Rl B4, 2008(1): 56-57.

C11] XU BeWr, £35. 5. HARAEYBHAI R [J]. MY B, 2023, 2(4): 39-46.

[12] LIUJ P, TANG Y J, BAOJ S, et al. A Stronger Rhizosphere Impact on the Fungal Communities Compared to
the Bacterial Communities in Pecan Plantations [J]. Frontiers in Microbiology. 2022, 13: 899801.

[13] ZHOU H, REN Z H, ZU X, et al. Efficacy of Plant Growth-Promoting Bacteria Bacillus cereus YN917 for
Biocontrol of Rice Blast [J]. Frontiers in Microbiology, 2021, 12: 684888.

[14] ASIF R, SIDDIQUE M H, AHMAD ZAKKI S, et al. Saccharothriz algeriensis NRRL B-24137 Potentiates
Chemical Fungicide Carbendazim in Treating Fusarium oxysporum f. sp. Vasinfectum-Induced Cotton Wilt Dis-
ease [J]. Dose-response, 2020, 18(3): 1559325820960346.

157 D’ERRICO G. MARRA R. CRESCENZI A. et al. Integrated Management Strategics of Meloidog yne incogni-
ta and Pseudopyrenochaeta lycopersici on Tomato Using a Bacillus firmus-Based Product and Two Synthetic
Nematicides in Two Consecutive Crop Cycles in Greenhouse [J]. Crop Protection, 2019, 122: 159-164.

[16] DELA CRUZ J A, CAMENZIND T, XU B L, et al. Limited Role of Fungal Diversity in Maintaining Soil
Processes in Grassland Soil under Concurrent Fungicide Stress [J]. Environmental Sciences Europe, 2024, 36
(1): 156.

[17] DU CJ, YANG D, JIANG S B, et al. Biocontrol Agents Inhibit Banana Fusarium Wilt and Alter the Rooted
Soil Bacterial Community in the Field [J]. Journal of Fungi, 2024, 10(11): 771.



% 6 KFEXRF ZAFREBE DWS B A x5 E F A5 7% B o6 SR AR 57
[18] ONS L, BYLEMANS D, THEVISSEN K, et al. Combining Biocontrol Agents with Chemical Fungicides for

[19]

[20]

(21]

[22]

[23]
[24]

[25] %2

[26]

[27]

[28]

[29]

[30]

[31] ¢

[32]

Integrated Plant Fungal Disease Control [J]. Microorganisms, 2020, 8(12): 1930.

BHATNAGAR H. Integrated Use of Biocontrol Agents with Fungicides to Control Wilt Incidence in Pigeon-Pea
[J]. World Journal of Microbiology and Biotechnology, 1995, 11(5): 564-566.

WANG ] B, YUE T, HE C, et al. Biocontrol of Tomato Bacterial Wilt by a Combination of Bacillus subtilis
GSJB-1210 and Ningnanmycin [J]. Scientia Horticulturae, 2023, 321: 112296.

OLOWE O M, OLAWUYI O J, SOBOWALE A A. et al. Role of Arbuscular Mycorrhizal Fungi as Biocontrol
Agents Against Fusarium wverticillioides Causing Ear Rot of Zea mays L. (Maize) [J]. Current Plant Biology,
2018, 15: 30-37.

PACHECO-MORENO A, STEFANATO F L, FORD J J, et al. Pan-Genome Analysis Identifies Intersecting
Roles for Pseudomonas Specialized Metabolites in Potato Pathogen Inhibition [J]. ELife, 2021, 10: ¢71900.
Kigls, wRR, BEHE, 5 SR HURTNEF RN R RRerR (1] Ry, 2016, 42(1): 235-237.
AT W, W, S5, /DN ZE TR B 5 Ak 2 8 A R 0 B[R] B 06 A R R S R A [T, b O R A
2021, 42(4) . 44-49.

B, IR T, E UL, . — FOR A ED R BB AR =4
CN105766493B [P]. 2019-01-15.

(=1
It

R B A BT IR MR RS M I 7

P

v\ﬂr

LIU Y. TANG Y M, QIN X Y, et al. Genome Sequencing of Ralstonia solanacearum CQPS-1, a Phylotype I
Strain Collected from a Highland Area with Continuous Cropping of Tobacco [J]. Frontiers in Microbiology,
2017, 8: 974.

W, WR, B— U, 5. 5 R EE R 0 AN A TS AR AE EL AR [T, 14, 2021, 53(D): 5-12
SRR TR RN R B X B IO F B R £ R IR AR m (D] bR o E RO B2 B
2022.

ACOSTA-GONZALEZ U, SILVA-ROJAS H V, FUENTES-ARAG? N D, et al. Comparative Performance of
Fungicides and Biocontrol Products in the Management of Fusarium Wilt of Blackberry [J]. Plant Disease.,
2022, 106(5): 1419-1427.

BORRERO C, TRILLAS M I, DELGADO A, et al. Effect of Ammonium/Nitrate Ratio in Nutrient Solution on Con-
trol of Fusarium Wilt of Tomato by Trichoderma asperellum T34 [J]. Plant Pathology, 2012, 61(1): 132-139.

SUE R, TEETE, B, A, I A R OB A A WILAE B A B R R 2 ik 1 G A - T A A A AR R O R
YRR [J]. PR E R, 2020, 18(13): 4492-4498.

JRE TR, V. W, SF. S BB R AT A I VRORT - 1T HE R 6 A AR 2R X AN B R g ().
A ZER . 2013, 53(8) . 842-851.

REHRE WLH ERF



