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Vinegar residue biochar regulates the systemic resistance of tomato under Fusarium oxysporum stress

PEI Guangpeng'?, LI Yuxin®, ZHU Yuen®, LIU Wei’, LI Hua®

(1. School of Resource and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. School of Environment Science and
Resources, Shanxi University, Taiyuan 030006, China; 3. Science & Technology Information and Strategy Research Center of Shanxi,
Taiyuan 030024, China)

Abstract: To explore the effects and possible mechanisms associated with biochar—elicited suppression of soil-borne diseases and
improved plant performance, pot experiments were used to explore the ability of biochar to induce systemic resistance in tomato against
Fusarium wilt caused by a soil-borne pathogen, Fusarium oxysporum f. sp. lycopersici Snyder and Hansen. Results showed that biochar

application significantly reduced tomato disease severity. The photosynthetic pigments and malondialdehyde content of tomato leaves were
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significantly decreased and increased, respectively under F. oxysporum stress, and the application of biochar significantly reduced the

changes in photosynthetic pigments and malondialdehyde content. The activity of peroxidase in tomato significantly reduced, whereas the
activity of "detoxification enzymes" (including catalase, superoxide dismutase, glutathione reductase, and glutathione S—transferase)
significantly increased during the biochar treatment. The content of oxidized glutathione in tomato was significantly increased under F.
oxysporum stress. The application of biochar(3%) significantly reduced the content of oxidized glutathione but significantly increased the
content of reduced glutathione, indicating that the biochar could enhance the removal efficiency of active oxygen in tomato. In addition,
application of biochar could enhance the priming effect and ability of tomato system against F. oxysporum invasion, which is mainly
dependent on the pathway mediated by jasmonic acid and ethylene. Specifically, with the treatment of biochar, the relative expression of
salicylic acid-related genes(PRIa, MPK2, and NPR1) was down-regulated, while the relative expressions of jasmonic acid-related genes

(DEF1, JAZI, and JAZ3) and ethylene—related genes(ACOI and ACS) were up—regulated. The above results indicate that the application

of biochar can enhance the resistance ability of tomato system to defend against F. oxysporum stress.

Keywords : tomato Fusarium wilt; Fusarium oxysporum; biochar; systemic resistance
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Table 1 Classification standard of tomato Fusarium wilt
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Table 2 RNA reverse transcription reaction system

1 71] Reagent AF Volume
4xgDNA LB IR A 4 pL
RNA AR S RNA: 1000 ng
TG RNase i SZE7K FMEZE 16 ulL
42 °C'F IV 2 min
SXSLI}E it PCR OV IR A 4 ul
RNV Ay 20 pL

3 qRT-PCR R Mk &
Table 3 qRT-PCR reaction system

{7 Reagent PAF Volume/p L
2X ChamQ SYBR i (0,520 E H PCR WIS W) 10
#5191 (5 wmol - L") 0.4
TSI (5 pmol - L) 0.4
AT 2
WFEK 7.2
FSREN A 20

G YA AR WA 4, Horh B-actin NS BE
DL 2744 O H R R i B R AR X R ik
1.6 BIEGZIT 5T

il FH SPSS 25.0 XA 1T One-way ANOVA

£ 5 B FEES T (P<0.05) , B MO E 3IREL ,
BIE 25 UL bR HER (SE) " K o Kk
OriginPro 2018 f4A .

2 FHRE5HSMH

2.1 MR 3 E B & m R 5 B

M 1A EUE 15 CK AR B, fES AR5 T T i a0
L A R N . R A S Rt
i R R AR . 2 AR W R et R 1%

50r
z
% 40} .
é 3.0F
2 a0} b
%R T be
E 10} 1
0 C
CK FCO FC1 FC3

Qb Treatment
ANNF NG SRR SR AN R AR BN 22 5 9. 35 (P<0.05) o T 1]
Different lowercase letters indicate significant difference among
treatments(P<0.05). The same below
B 1 AW Bt & A & R A Y S0

Figure 1 Effects of biochar on disease severity of tomato

=4 31¥FFIF1 qRT-PCR R L2
Table 4 Primers and procedures for gRT-PCR

5951 HEH SRR FH1(5~3") SN AR E= PO
Signal molecule Gene Primer name Sequence(5'~3") Procedure Reference

K PRIa PR1a—F GAGGGCAGCCGTGCAA 95 C 3 min;95 °C 305,56 C 30 s, 27]
PR1a-R CACATTTTTCCACCAACACATTG 72°C 405, 35 AT

MPK2 MPK2-F GTTTACGCATAATGAAAGGATCAGAAG 95 °C 3 min;95 °C 30's,56 °C 30 s, 28]
MPK2-R TTATCTATGGAGCTTGCACACCA 72°C 40 s, 35 YA

NPRI NPR1-F GCGATATTCCAACCTATA 95 C 3 min;95 °C 305,56 C 30 s, [29]
NPRI-R TAGATTCAAATACACCATTC 72°C 405, 35 YT

i DEFI DEF1-F CTCTTTGTTACCTATGAGGTAG 95 C 3 min;95 °C 305,56 C 30 s, [30]
DEF1-R CTTCCTCACCCAAAGTTGCT 72 °C 40 5, 35 UCHRSE

JAZI JAZ1-F CTGATCAATCTGGTGTGAGTTT 95 C 3 min;95 °C 305,56 C 30 s, [31]
JAZI-R CAGAAGGCTGTGGCATTGAC 72°C 405,35 AR

JAZ3 JAZ3-F GATGGTCAATGTCTTCGAGG 95 °C 3 min;95 °C 305,56 C 30 s, [32]
JAZ3-R CAAACACCATCTGCAGCAG 72°C 405,35 AR

¥ ACO1 ACO1-F CAATGAAGGCAATGGAAAGT 95 °C 3 min;95 °C 305,56 C 30 s, 33]
ACO1-R CATATGCAGCAAATCACAATC 72°C 405,35 WAFH

ERF1 ERFI1-F AAAAGATGTCAAGCCCACTAG 95 °C 3 min;95 °C 305,56 C 30 s, 33]
ERF1-R AAATGTTCCTAACCAAACCCTA 72°C 405,35 RAFH

ACS ACS-F TGTTATTCAGATGGGTCTGG 95 °C 3 min;95 °C 305,52 C 30 s, 33]
ACS-R CTGGCAAGCCATGATAATCT 72°C 405, 35 RPFIA

L= B-actin  B-actin-F TTGCCGCATGCCATTCT 95 °C 3 min;95 °C 305,56 C 30 s, [34]
B-actin—R TCGGTGAGGATATTCATCAGGTT 72 °C 40 5,35 KAFIH

1% WHART]
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Figure 3 Effects of biochar on the content of malonaldehyde of

tomato under Fusarium oxysporum stress
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Figure 2 Effects of biochar on the content of photosynthetic pigments in tomato leaves under Fusarium oxysporum stress
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Figure 4 Effects of biochar on the antioxidant enzyme activities of tomato under Fusarium oxysporum stress
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Figure 5 Effects of biochar on the contents of glutathione of tomato under Fusarium oxysporum stress
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Figure 6 Effects of biochar on the transcription of genes involved in the endogenous biosynthesis and/or signaling of salicylic acid ,

jasmonic acid and ethylene under Fusarium oxysporum stress
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