5550 % 42 W + o W) Vol. 59, No. 2
2022 43 A ACTA PEDOLOGICA SINICA Mar., 2022

DOI: 10.11766/trxb202008310357

EHIF, MEHE, BORNS, ORI, BRI, Tih, IREIE, WHR. YRR SIS A 5 0 T i LA AR R BCR AT ).
HerEl, 2022, 59 (2): 536-544.

WANG Xiaofang, MEI Xinlan, HUANG Dapeng, XU Dabing, YANG Tianjie, WEI Zhong, XU Yangchun, SHEN Qirong. Effects of Probiotics

with Biochar as Carrier Inhibiting Tomato Soil-borne Bacterial Wilt[J]. Acta Pedologica Sinica, 2022, 59 (2): 536-544.

SYRRBREEE B HEEN L ETRHBAEER

Tis

a1 o ap 1 s 1 A 2 1 IS YN 1
S -1
WH R
(1. BERUARML BRI 5 IR R 25 22 B A E ) o3 T 0 SE 0 =2 /T IR [ AL 3240 B2 WAk R B B AR F 9% TS S 00 3 VT IR AT AL R AR 7
g S AL UM RN AHT oL T 20 B RER R T AR I oL/ KA ML TR ARFZT 0, BIRT 2100955 2. Widba £l Bl =Bt
HREAFSE AT, B 430064 )

= LIEHENRRE R TANE (Ralstonia solanacearum ) SR M—FIAGEVER T . MERAT 45 40 R 7E T Wi 10 B 12 b R 455
AN, HAEARBAT RUE S A4 A DA RS o DATORFERT . A (FAA) FIRESE R JSURHE R 3 Fh A= Bk AT 2
B Bacillus amyloliquefaciens T-5 BYZRAM, FRIT LW T BT 25 08 b5 78 T ih H AL B M sl RS2, IR 2= AR RIS IR ST
AB TS RGBT« B LB R 2R - W PRI, B T BRI A= W SR B0 # 1 T-5 a0 I35 R T RE
AR RENLE] o TR 2 IR A SRR . Bt 3 Fh A= 4 e 24 35 WA A 1) A R AR PR A T R, Hoh BT i L3k
TR AR DA ) R BB 15803 1] 60.56% o 3 FhAEMIBURAE AT £ 18 T-5 RYEIAIBERS B4R TR 45 1 T-5 AURRPRE A AL
i SRR, P AR R AR THSCR B o SR AR RO AR LE , ARBVEYIBUR S5 A 45 1 T-5 218 A0 HY
PR A ECR IR 97.42%; SEMCA G50 T-5 ABRAHLL, AR T-5 DIARHAY SR ) H R AR b S8 B e 1
571 A8, HE—LOIRI, RPEYI R BEREATROR M TR TE, WM EEST 90.00%, FLAEWSARE R M T Hi A, T4
WK T 96.66%. LAl A=WBiH AT LAAT ROW AR 2270089, LA AR T-5 REASATROR FTX SEAR 2 34 31410
T E R E R o AW BRAT N A B A 45 B A, S BERRBRAT 2 TR A2 S RE T, JFIRRR . [P, A7 R AL E A
TR R A

KR BEEMR; VTR AEE; MRS ; YR

HESES: S144 XERERER: A

* EFE B EITRBTE (2018YFD0201401 ), [EFR [ ARIA2EETIH (42007025) FIVLIRA HARBRAREE I H ( SBK2020042856 ) ¥t
Bf Supported by the National Key R&D Program of China ( No. 2018 YFD0201401 ), the National Natural Science Foundation of China ( No.
42007025 ) and the Natural Science Foundation of Jiangsu Province of China ( No. SBK2020042856 )

+ MIRAE#H Corresponding author, E-mail: weizhong@njau.edu.cn
YRR EFHF (1990—), %, LR, @HEE, FENFLEMAEY S 2R EPENIR . E-mail: wangxf@njau.edu.cn
Wk B 0T 2020-08-31; &R B 0T 2020-12-21; FIZE & B (www.cnkinet): 2021-03-02

http://pedologica.issas.ac.cn



2 3 FHFTFE YRR A 45 PP i A T R RO 5T 537

Effects of Probiotics with Biochar as Carrier Inhibiting Tomato Soil-borne
Bacterial Wilt

WANG Xiaofang', MEI Xinlan', HUANG Dapeng', XU Dabing”, YANG Tianjie', WEI Zhong'’, XU Yangchun',
SHEN Qirong'

( 1. College of Resources and Environmental Science Nanjing Agricultural University, Key Laboratory of Plant immunity, Jiangsu Provincial
Key Lab of Organic Solid Waste Utilization, Jiangsu Collaborative Innovation Center for Solid Waste Resource Utilization, Educational
Ministry Engineering Center of Resource-saving fertilizers, National Engineering Research Center for Organic-based Fertilizers, Nanjing
210095, China; 2. Institute of Plant Protection and Soil Fertilizer, Hubei Academy of Agricultural Sciences, Wuhan 430064, China)

Abstract: [ Objective ] Tomato wilt is a kind of destructive soil-borne disease caused by Ralstonia solanacearum. In controlling
the disease, rhizosphere probiotic play an important role. They reduce pathogen density and dull disease dynamics via resource
competition and competitive exclusion. Their effective colonization in the rhizosphere is the precondition of their wilt controlling
effect. As a porous material with adsorptive properties, biochar is used as a promising strategy to improve soil structure and
fertility. Moreover, biochar has a great potential to inhibit soil-borne diseases, by transferring root exudates off rhizosphere and
providing shelter for probiotics. To improve biocontrol efficiency of the probiotics, it is proposed that biochar is used as a carrier
to improve their colonization in rhizosphere. [ Method ] In this study, wilt controlling effect of the application of biochar and
probiotics in combination was evaluated and mechanisms underlying the potential were explored. To the end, a pot experiment
was conducted to test three different kinds of biochar (derived from maize straw, pine wood and rice husk, separately) applied
together with probiotic Bacillus amyloliquefaciens T-5 in controlling tomato bacterial wilt. And then an in-lab experiment was
carried out too to measure efficiencies of the biochars adsorbing of pathogens and tomato root exudates in vitro. In the end,
resource competition and direct toxin production of Bacillus amyloliquefaciens T-5 and their effects on pathogens were
determined with simulated root exudates. [ Result ] Among the three kinds of biochar, the one derived from wood biochar is the
highest in specific surface area (SSA) and absorption capacity, reaching up to 395.88 mm?” and 116.4 mg-g ™', respectively. The pot
experiment showed that the application of biochar, regardless of kind, significantly reduced the incidence of bacterial wilt and
pathogen density in rhizosphere. Wood biochar performed the best. When applied alone it decreased the incidence of bacterial wilt
by 60.56%, and when applied in combination with probiotic Bacillus amyloliquefaciens T-5, it reduced pathogen density by about
97.42%, while increasing probiotic colonization by about 5.71 times. In exploring mechanisms of such potentials, it was found
that 1) Biochar effectively adsorbed pathogen R. solanacearum, and wood biochar was the highest in adsorption capacity,
reaching up to 90.00%, and fixing the adsorbed R. solanacearum by 94.66%; 2) Biochars absorbed root exudates, which were
used by probiotic T-5 as carbon source for growth, thus inhibiting the growth of R. solanacearum. [ Conclusion] As a carrier of
probiotics, biochar, once applied together with probiotics can significantly decrease incidence of bacterial wilt by adsorbing root
exudates probiotics relay as nutrient resources for growth and restricting the mobile ability of pathogen. The findings in this paper
explain the mechanism of combined application of biochar and biocontrol bacteria controlling soil-borne tomato bacterial wilt and
may serve as a theoretical basis for developing an environment-friendly, high efficiency and stable biocontrol strategy.

Key words: Soil-borne tomato bacterial wilt; Biochar carrier; Probiotic; Root exudates; Biological control
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Hh ol B D5 AL LR AR A 22 L A ORL )
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)71, i SYBR® Premix Ex Taq™ ( Takara, 4=
WTRRARAR ) WG 53519 k5 Ak T Ry
SESIY, FIiICF: 5-GAACGCCAACGGTGCGAA
CT-3', FlICR: 5-GAACGCCAA CGGTGCGAACT-
3P MRS 10 pmol-pL™'; A # PCR VAR N
20 uL: SYBR® Premix Ex Taq (2x) 10 uL, ROX
reference Dye II ( 50x ) 0.4 uL, Hi¥m514 0.8 uL,
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A 3 R T R TR A R E RS . R R A
PRV AR 2R 0 WA 00 1) e A X 05 A A 36 75 A T 3k 2 A
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Bigedt (RE R53R3% ) PO, HES0t; FHITC M Sk

TBUAE W I 5 7 MG DR TR B B 100 pL, BF AT RE
BR SR IR AR Sk A Sk R biiedei AL, AT T
PRI B2 38 , AR 28 25 0 o e AL 3 P 75kl T T AR Ak 38
JXFHE, 30 CCIHIEHE 2 h 5, SRS ik
AT BRI AT, 30 CHEFE 48 h [ Sit R Ve Eit .

A 5 e R AR 2R 40 W B T B < K A
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K329, 12 000 rmin ' F IR0 5 min, BO0d IR
) T T K TR o ) S ke RSk A 0 32 2 T AR ) 1
WiRE S, BAAMOEM T 10 mL RS & (~10°
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FRIRA L), WA, FRFHRS EEE 5 TE
JATHL, B 50 pL A 25 W A Y 2L, 30 CHs
FRILEEFE 24 h, I I R A RN
1.5 HiEaE

TR I H I 4b F(d T IBM SPSS Statistics 22 4t it
487, SR SigmaPlot 12.5 fE &, I fd HIXB 15
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2 5 R

2.1 EWR&EREFE
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Table 1 Physiochemical properties of biochar relative to sources

GR7)ivS e A Wi
Biochar type oft Specific surface area/mm? Absorption capacity/ ( mg-g™")
EAFEFF Maize straw 9.43 +0.05a 132.5+5.88¢ 41.37 + 1.00b
A B Wood 8.69 + 0.04c 395.9+9.74a 116.4 £5.99a
FH7¢ Rice husk 9.07 £ 0.04b 167.5+11.92b 8.77 £0.23¢

. FFIARFHER2ER B3 (P<0.05) Note: Different letters in the same column denote significant difference ( P<0.05)
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A5 R0 2 5t AR s T A TR A R, 25 R R

A ERD TR B R IRAL FEAR G, AN 25 L 3
AN ) F V5 A ) S5 o 340 RE PR ARAR o IR R e (B
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A g o
/b ¥ Treatment 4ib3# Treatment @‘z’\ b Treatmem@

e 1B a R b A Y R 2 3278 AU R 35 A T 19 155 18 BORAR B I BT 80 5 181 a ATEL b s P<0.055 [ ¢ ORIR S RE RO 22 5%
B3 (P<0.05); WGP T, #HAEIE, B: LAY B, BT: HAAYFRMATERE. THE. Note: In(a)and (b), dashed lines
represent disease index and pathogen density in the control treatment inoculated with Ralstonia solanacearum only, and * denotes P<0.05;
and in (c), different letters denote significant difference ( P<0.05); T stands for inoculation of probiotic T-5, B for application biochar and

BT for application of biochar and inoculation of probiotic T-5 together. The same below.

K1 AR BORERG At i A B AR TR TR 4L (a) WRPRERE (b) A FRE (c) ERRIEIT
Fig. 1 Effect of combined application of biochar and probiotics on disease index (a) and population of pathogens (b) and probiotic colonization
(c) in rhizosphere soil relative to kind of the biochar
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Fig. 2 Biochar’s R. solanacearum adsorption (a) and the retention (b) capacities relative to kind of the biochar
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¥ #% Biochar type - FIA] Time /h i) Time /h

W Fl bR UEFEHRH, RT: HEFEMEMAZRE; Kb dLkss, B o XIFRE3E, Note: In (b) R means inoculation of R.

solanacearum only; and RT, inoculation of both R. solanacearum and probiotic T-5; (b) for co-culture and (c¢) for confrontation culture.

K3 RIE A B AR R - BN BE T (a) KA 45 BRI AR 22 2 %) 35 A B RO A aAE T (b, ¢

Fig. 3 Biochar’s root exudate adsorption rate (a) and effect of probiotics utilizing root exudates and inhibiting R. solanacearum (b, c)
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Fig.4 Mechanism of probiotics- biochar on inhibiting R. solanacearum from invading tomato roots
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