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Abstract To clarify the impact of tomato straw biochar and Ralstonia-inoculated biochar on bacterial community
diversity and nutrient content in vegetable cultivation soil, the potted mustard plants are used as the research
object; the pot soil is either vegetable soil or soil contaminated with heavy metals. Thirteen different treatments
were set up, including heavy metal pollution, tomato straw biochar, and Ralstonia-inoculated biochar, with three
replicates for each treatment. During the harvest period, the bacterial community structure, differential bacterial
populations, and the contents of nitrogen, phosphorus, potassium, and carbon in the soil were measured. The
effects of tomato straw biochar and Ralstonia-inoculated biochar on the relative abundance of dominant bacteria,
exogenous Ralstonia survival, and soil fertilizer supply capacity, as well as the ability to improve the vegetable
soil contaminated with compound heavy metals, were determined. The results indicate that: High-temperature
carbonization of tomato straw generated pyrolysis biochar and hydrothermal biochar with significant differences
in properties and functional groups, both of which can immobilize Ralstonia cells to prepare Ralstonia-inoculated
biochar. Tomato straw biochar+Ralstonia treatment effectively improved bacterial richness and increased the
relative abundance of dominant bacteria Proteobacteria (Phylum level, 47.92%-72. 44%) and Rhodobacter
(Genus level, 24.11%-51. 18% ) ; Moreover, it increased the number of differential bacterias by 8 to 12 and
maintained the long-term survival of exogenous Ralstonia (0.32%-1.23%). The Ralstonia-inoculated biochar
treatment increased the alkaline hydrolyzed nitrogen (7.53%-35. 44%) , nitrate nitrogen (1.57%-22.24%) ,
available phosphorus (1.46%-50.04%), available potassium (1.03%-6.57%), and organic carbon (129. 20%
-239. 45%) and reduced ammonium nitrogen residue (19.69%-49. 45%) in vegetable soil. Compared with the
application of tomato straw biochar (Pyrolysis biochar and hydrothermal biochar) or Ralstonia alone, the Ralstonia-
inoculated biochar effectively improved bacterial community structure and increased the content of nitrogen,
phosphorus, potassium, and carbon in the vegetable soil and the vegetable soil polluted by compound heavy
metals. It alleviated the inhibition of tomato straw biochar or Ralstonia on the growth of bacterial communities
in vegetable soil. In conclusion, Ralstonia-inoculated tomato straw biochar combines the advantages of different
types of tomato straw biochar and exogenous Ralstonia effectively improving bacterial richness, dominant
bacteria abundance, differential bacterial number, and the contents of nitrogen, phosphorus, potassium, and
carbon in vegetable soil and soil polluted by compound heavy metals. It has considerable application potential
for promoting the resource utilization of tomato straw and improving the soil fertility in vegetable plantations.

Keywords Ralstonia; exogenous bacteria inoculation; tomato straw biochar; heavy metal compound

pollution; bacterial community structure; vegetable soil nutrients
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Fig. 1 Functional group distribution of tomato straw biochar
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treatment with different heavy metal concentrations and Ralstonia-inoculated biochar
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B EE 4 Jm Ab B (B VY 204 A FF A ) %+ Ralstonia 3
INEE 4 2 A 5 Y Sk M 4 4 40 i E B (ACE fil
Chaol 43 5 #& Jn 2.18%~28.02% HI 2.83%~
22.29%) MR LS4 AN TE A AR KT . AE IR R
W, E e EE AT LS A A Y Ik Ralstonia
Hl Ralstonia ") e R 59 1. 35 48 A1 52 b - 48 41 B4 (1)
ZHEPE R R (H P Z0 A A5 AT A 9 % L Ralstonia
M Ralstonia ¥ e 1 39 38 hn 8 4 & &2 5 75 Y T
U0 W B . L b, VO LLAG RS AT AR W 5k ) Ralstonia
AW R RAE D T R R AT gl S+ Y A4
WHE TR Z RV AT A K AN IR TR A3

K2 Rabstonia EYRBEFMESRE SR T EREHESHERFEEENZT

Table 2 Effect of Ralstonia-inoculated biochar on the diversity and richness of bacterial community

in heavy metal contaminated soil

ACE f8 %k
ACE index

Chaol #§ %t
Chaol index

3 664.28+83.45 3649.02+72.48

3 093.48+109. 34 3 003.56+122.78
3 241.57+£73.89* 3105.164£92. 99*
3 160.87£70.01* 3 114.53+111. 16*
3243.33+11.21% 3 300. 58 £ 69. 44
3 303.84+21. 09*x* 3 196.69=+150. 89
3295. 11£105. 96** 3161.47+167. 14x*
2 724.99+36.62 2599.42+88.50
2 874.47+£117.97%* 2 773.58+126. 24*

2 865. 54+89. 58* 2 737.45+£82. 74

4k 2 55 5 [ & V% AR AR B 107
Treatment code Shannon index Simpson index
CK_O 6.80+0. 10 0.3140.06
CK_L 5.75+0.22 2.44+0. 37
L1 5.25+0.09* 5.12+0. 29*
L2 5.19+0. 10* 5.29+0. 88*
L3 4.734+0.17%* 7.41+0. 34%*
14 4.41+0. 16%* 7.96£0. 42%*
L5 4.8440. 28 4.6440.73%
CK_H 5.11+£0.25 4.634+1.53
H1 4.874+0. 11%* 7.02+0.69*
H2 4.7340. 05* 6.63+£0.27*
H3 4.6340.02% 9.95+0. 71%**
H4 4.3740. 04 10.25£0. 77%**
H5 3.8240.03%* 8.4940. 65%*

3 088. 50+ 37. 24** 2 868. 94+ 145. 26%x*
3 048.2919. 28*x 2 844.12+91. 61**
2 885.85+14.81% 2 674.17£60. 65*

W CK_O.CK_L & CK_H X4, * P<<0.05,** P<<0.01,

Note: CK_O,CK _L and CK_H are set as control groups. * P<C0. 05, ** P<0. 01.
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RELEAME ) IICLT, L3, H1 Ml H3, 21 (4 & £k /2 ) , 1l
(L2.L4 H2 1 H4, 8 & B ZE HE) , IV (CK_L M
CK H, %t g &) MVCK_O) ., #F 58 45 F £
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Fig. 3 Hierarchical clustering analysis (a) and principal component analysis (b) of bacterial community in vegetable soil
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Fig. 4 Changes in the abundance of different dominant bacteria under the treatment of low concentration (a) and high

concentration (b) of heavy metals and Ra/stonia-inoculated biochar
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Fig. 5 Heatmap analysis of the top 50 soil high-abundance bacteria in vegetable soil

R3 Ralstonia P REFINLEZSHBEHENE
Table 3 Effect of Ralstonia-inoculated biochar on the

quantity of soil differential bacteria

Ak B i G
Treatment Code Number

¥ G 1 4 Initial soil CK_O 26

CK_L 10

L1 7

{1 e i T 4 3 > "
Low concentration heavy

. L3 5

metals treatment

L4 9

L5 5

CK_H 5

H1 2

1 Vi B 4 @ Ak B H2 3
High concentration heavy

metals treatment H3 4

H4 11

HS5 1

2.5 Ralstonia £ xEFI 3Kt T ERBEHKRS

ER N

Fb % VY 21 i F5 FF A2 W sk i Ralstonia A=) 7% B
FR0F 52 Hhy - e R S s e, DL 6. AT UL, P £ A
& FF A= W e CIM A2 W e FLK AR W 9% ) Ralstonia
H1 Ralstonia %) % w8 77 i 35 VE 1 2% i £ 38 19 0k
A S A ME SRS 2 (P<<0.05) . K+ 1
(CKJD%%W%@ﬁﬁtﬁﬂwwtﬁﬁm4766522
1 29.47 mg/kg. o, BN P 20 A RS FF AR W gk
(L1.H1.L3F1 H3) .Ralstonia(L.5 F1 H5) 1 Ralsto-
nia HE W) R TE A (L2 L4 CH2 L H4A) , 3% b 1 35 4 5
il W 3 7.53%~15.51% . 3. 18%~6.67%
M118. 35% ~35. 44 % (% & 29. 88~34. 36 mg/kg) ,
[vi) B i A5 BN 1. 57 % ~4.10% . 7. 89 % ~8. 86 %
1 18.42% ~22. 24 % (P<0.05) 5 s Jin V5 2T 4l #% FF
KA e (L3 FTH3) , RS A3 1. 90% ~
5.89% H ¥ M Ralstonia M Ralstonia =¥ % # 7 ,
T B A A B FE W A 19.69%~25.62)
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35.27%~49.45% (P<<0.05) . 1A, 78 K ¥ B ol HE W e ALK A W %D 88 Ralstonia, Ralstonia 7 W)
HRWENEGESRIG R I MM AMMSA REFEGIE MRS L RCK O ESRE
) 14 I DA R A A5 R R R0 i R SR AR W) . F A5 15 (CK_L 5t CK_HD Y Bl i &0 Rl & A
5% 45 SR WY, AH 6 T B P 21 A S A AR ) e CRA i i, I S A A ER B (P<<0.05)

—~
o
A=

TR A/ (mg/kg)

Alkaline hydrolyzed nitrogen

CK O CK L L1 L2 L3 L4 L5 CK H HI H2 H3 H4 H5

HAR/(mg/ke)
Nitrate nitrogen

CK O CK L LI L2 L3 L4 L5 CKH Hl H2 H3 H4 HS5

sk sk 3k Kk sk ks

—~
o
~

AR (mg/kg)
Ammonium nitrogen
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K3 Treatment

KRR X B4 CK_O, A 341 CK_L \L1-L5 . CK_H J} H1-H5. SR : 6 B84 CK_L 5t CK_H, AL B 41N L1-L5 5 H1-H5,
T

Long horizontal line indicates the control group is CK_O, and the treatment groups are CK_L., L1-1.5, CK-H and H1-H5. Short horizontal line
indicates the control group is CK_L or CK_H,and the treatment group is LL1-L.5 or H1-H5. The same below.

Elo itERMEESEMRalstonia EWRAFIEHEBE (a) HER (D) ESR()WEIEEL
Fig. 6 Change in the content of alkaline hydrolyzed nitrogen (a), nitrate nitroge (b) and ammonium nitrogen (¢) in vegetable

soll after adding heavy metals and Ralstonia-inoculated biochar
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Fig. 7 Change in the content of available phosphorus (a), available potassium (b) and organic carbon (¢) in vegetable soil after

adding heavy metals and Ralstonia-inoculated biochar
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