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Figure S1. Spearman correlation between content of MDA, H20z, and enzimatic activities of SOD, CAT and POD in tomato seed
radicals on the 7th day of culture. Abbreviations: MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; POD, pe-
roxidase.

-0.65

-0.83

Antioxidants 2023, 12, 910. https://doi.org/10.3390/antiox12040910 www.mdpi.com/journal/antioxidants



Antioxidants 2023, 12, 910

2 of 4

® Benzenoids

® Lipids and lipid-like molecules
® Undefined
® Phenylpropanoids and polyketides
® Organoheterocyclic compounds

® Organic acids and denvatives
= Organice oxygen compounds

w Alkaloids and denvatives

(B).

PC2(18.9%)

Nucleosides, nucleotides, and analogues

= Orgamic nitrogen compounds

0.

» Lignans, neolignans and related compounds 2 0 ) 10 »
o S ! PC1(37.6%)
(C) Esi* Group (D) Group (E)SD Group n
e 4 ac ® cK [\
A CK A pCA ‘I \
| p-CA | \
—_ . ® BDOp s |
2 3 2 25 |
& & &
@ 10 « =] [ .‘
= S0 = ro
o o S ‘
& 2 B o Soas
8 0 g s
g 1, : f
£ £ T gt
[¢] <} S [T
-25: ‘
10 |
| |
10: !‘. ‘!
Vv
-20 -50-
-20 10 0 20 10 20 10 o 20
Score(PC1)(18.1%) Score(PC1)(49%)
F)sof Groun G 1
(F) o (@), : G :
® BDOp
N
[\ . !
== \‘ i 8 o] st
£ 13 i ! -
2 |ols| s | : s !
g ‘ . . 1 i
0 o A‘ I . i %
g I%‘»l 318 - g4 : "
H
% G 3 ' 5
£ |
O ! | (] H
\ 5l . 34
1 oR2 ma2
T R2X=0.611, R2Y=1.0, Q2=0.968
N . .
£ £l w0 w2 o 7o o Y3 o8 To

o [] 0
Score(PC1)(49.4%)

o o8
Similarity (y. Ypsem)

04 o8
Similarity(y. Yperm)

Figure S2. Pie chart of metabolite categorization (A). PCA score plot of metabolites under negative (ESI") ion mode (B). OPLS-DA
plots of metabolites in three different treatment groups under positive (ESI*) (C) and negative (ESI") (D) ion mode. OPLS-DA score
plot of metabolites in CK and p-CA group (E) and p—~CA and BDOp group (F). Permutation test of OPLS-DA for CK vs. p—-CA (G)
and p—CA vs. BDOp (H). (QC: quality control; CK: ddH20 control group; p—CA: treatment group with 10 mL 400 mg/L p—coumaric

acid; BDOp: p—coumaric acid with biochar—-dual oxidant particles. Each treatment was subjected to four biological replicates)
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Figure S3. Volcano map of metabolites in p—~CA vs. BDOp (A) and CK vs. BDOp group (B).
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Figure S4. The sunburst chart for classification of the 165 up-regulated (A) and 59 down-regulated (B) DAMs in response to the
p—CA stress, and 19 up-regulated (C) and 25 down-regulated (D) DAMs specifically regulated by the BDO composite particles.
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Figure S5. Hierarchical clustering heatmap of FPKM profiles in three treatments groups (A). The bubble diagrams for the top 20
KEGG pathways for 863 down-regulated DEGs in response to the p—CA stress (B), and 159 up-regulated (C) and 259
down-regulated (D) DEGs specifically regulated by the BDO composite particles. (CK: ddH20 control group; p—CA: treatment
group with 10 mL 400 mg/L p-coumaric acid; BDOp: p-coumaric acid with biochar-dual oxidant particles. Each treatment was
subjected to four biological replicates).
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Table S1. Effect of different p—coumaric acid concentrations on the germination of tomato seeds.

Concentration (mg/L) GP (%) GR (%) RL (mm)
0 86.5+1.9 a 95.0+2.6 a 61.7+19 a
200 47.3+22b 93.0+3.5 a 50.0+1.3 b

400 0.0+0.0 ¢ 92.5+3.4 a 239+1.2¢
600 0.0£0.0 ¢ 84.0+49b 19.1£1.0d

800 0.0+0.0 ¢ 81.0+4.2b 8.5+04 e

1000 0.0+0.0 ¢ 51.0£2.6 ¢ 4.6+0.2 f

Abbreviations: GP, germination potential; GR, germination rate; RL, radical length. Each data presents the mean + standard devia-
tion (n = 4). Different letters indicate statistically significant differences between treatments (One-way ANOVA, LSD test, P <0.05).

Table S2. Specific primers were used for g-PCR.

Primer Sequence (5'-3") Product (bp)
CYP73A-F ACCATAGACTCCTAGCGACCA
CYP73A-R GTCTTGTCCATTCCCCGTGA 188
LOX1_5-F GGTTGCCACGTCTGAGTTTG
LOX1_5-R GACGCGGTCTCTGGGATTAC 127
LOX2S-F CAATGGGAAAGGCGAGAGGA
LOX2S-R AGCGCCTGGGATAAGGTTTC 137
LCAT3-F GTGCCATGCAAAGGTTCCTG
LCAT3-R TGGGTGCATTCTGACTTCCA 101
FAD2-F CCACGAGAGGTGCATGTTCA
FAD2-R CGAATCCGTCAGAAGCAGGA 169
GAPDH-F1 AGCCACTCAGAAGACCGITG
GAPDH-R1 AGGTCAACCACGGACACATC 189
Table S3. Effects of various treatments on the tomato seed germination indices
Treatment GP (%) GR (%) RL (mm) RSA (cm?) GI (%) SE
p-CA + BC-CPr 57.0+2.6 89.0+£3.8 37.7+1.7 0.353+0.017 57.2+2.7 -0.30+0.01
p-CA + BC-PSp 0.0+0.0 31.0+1.1 3.1+0.1 0.079+0.004 1.6+0.1 -0.89+0.00
p-CA + CP-PSp 53.0+2.6 76.0£1.6 9.1+0.6 0.209+0.010 11.8+0.3 -0.56+0.00

Abbreviations: p~CA + BC-CPp, 10 mL 400 mg/L p—coumaric acid with 0.0277 g biochar and calcium peroxide composite particles;
p—CA + BC-PSp, 10 mL 400 mg/L p—coumaric acid with 0.1230 g biochar and potassium persulfate composite particles; p~CA +
CP-PSp, 10 mL 400 mg/L p—coumaric acid with 0.0125 g calcium peroxide and potassium persulfate composite particles; GP, germi-
nation potential; GR, germination rate; RL, radical length; RSA, radical surface area; GI, germination index; SE, synthetical alle-
lopathic effect index. Each data presents the mean + standard deviation (1 = 4). Different letters indicate statistically significant dif-

ferences between treatments (One-way ANOVA, LSD test, P <0.05).



