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Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [ Objective ] Bacterial residue is a solid waste produced during the fermentation process of antibiotic synthesis
intermediate (6-aminopenicillanic acid). Improper treatment will endanger environmental safety and increase the risk of the
spread of antibiotic resistance genes (ARGs). At present, composting is the main method for treating residues due to its harmless
and resourceful characteristics. Thus this study was designed to investigate the effects of composted bacterial residue organic
fertilizer on tomato growth and soil ARGs accumulation and to assess the ecological risks of residue organic fertilizer. [ Method ]
In a field experiment, the tomato plant was used as the research object and the effects of organic fertilizer fermented from
bacterial residue of penicillin synthesis intermediates on tomato growth, soil physicochemical properties, bacterial community
structure, and the diversity and abundance of antibiotic resistance genes were analyzed [ Result ] The results showed that the
application of residue organic fertilizer can increase the aboveground dry biomass of tomatoes in the field, and continuous
application for two seasons can increase the vitamin C content of tomato fruits and soil nitrate nitrogen content. After being
treated with organic fertilizer, there was no significant change in the diversity of bacterial communities in the rhizosphere soil.
However, compared with conventional fertilization, the abundance of Proteobacteria significantly increased, while the abundance
of Chloroflexi significantly decreased. There was no significant change in the diversity of ARGs in tomato soil after the
application of residue organic fertilizer, but the amino glycoside resistance gene aadal and sulfonamide resistance gene
sul(INwere significantly higher than those in conventional compound fertilizer treatment. Also Luteimonas sp. was positively
correlated with tetracycline, aminoglycoside, and sulfonamide resistance genes. [ Conclusion ] After applying microbial residue
organic fertilizer in tomato rhizosphere soil, there was no enrichment of f-lactam ARGs. However the risk of accumulation of
tetracycline, aminoglycoside, and sulfonamide ARGs in rhizosphere microorganisms needs further evaluation.

Key words: Bacterial residue; Organic fertilizer; Tomato; Antibiotic resistance genes (ARGs); Microbial community
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fE (13-7-21) FEERE SRS (10-6-32),

A SR IR T . T (R b a5 A B 5T
TSR IS A SR (32°03'N, 118°57'E ), HJE]+
¥ pH N 6.37, AHLUE 14.74 gkg ', &% 127 gkg',
B 254.2 mgkg !, AR 150.4 mgkg o
1.2 REAREEMRE

TR = B R AR = WA, E
AHEE (CK)., HHME S (CF), WAL (JZ)
3ANALTE B A IR b BRI AR - A 2
A EAEF 1000 kg-hm > & A8 (13-7-21) /%
BB 76 3 H R A)iaiE 500 kg-hm 2 & A HE( 10-6-32)
VENERE . B AT HLAE AL B A RHIG S A0 R .
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Table 1 Nitrogen, phosphorus, and potassium nutrient inputs in each treatment

FEAE Base fertilizer/ ( kg-hm?)

B Top dressing/

MIRI A Total nutrient input/ ( kg-hm™)

(kg'hm?)
Qb3
240 BEA LR 2AH
Treatment A i B
Chemical fertilizer =~ Bacterial residue Chemical fertilizer
Nitrogen Phosphorus Potassium
(13-7-21) organic fertilizer (10-6-32)
ASite e 0 0 0 0 0 0
WA A 66.67 0 33.33 12.00 6.67 24.67
ALY 53.34 23.61 33.33 12.00 6.85 22.08

(DControl, CK, @Chemical fertilizer, CF, (3Bacterial residue organic fertilizer, JZ.
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FREL 0.3 g FHHARPR -4, R PowerSoil 14
DNA #2HGX#]4& (MoBio, Carlsbad, CA, H[)
PEH 1% DNA TR R HAE 2D R DNA  $2HUA 7]
UL B T, U5/ DNA H Nanodrop
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( ND2000, Thermo Scientific, DE, J&[E ) &l # B,
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AN 16SIRNA( V4 X )i 5| #)( 515F 5'-GTG
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analysis Effect Size, LefSe ) i it £& 14 I 51| 43
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2 4 R
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T it ) S 00 2 R AR I A T 1K T 194 i 4s
RN 3d Jr7 o e B[] A 2t AR s 3 HE 44 i
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Jy: 22 JE @ [T ( Proteobacteria ) . i £k W ']
( Actinobacteria ). ZRZ5 T[] ( Chloroflexi ), ZfHUfifl
P17 ( Gemmatimonadetes ), JEBE (] ( Firmicutes ).

T 1]( Bacteroidetes ). iR #T 5 1 J( Acidobacteria ),
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B I E R ERR &, T, Note: n.s., no significant;  Different letters indicate statistical significance among different treatments
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from antibiotic residues, CF: application of chemical fertilizer. The soluble solid was determined by Abbe refractometer, the content of
soluble sugar was determined by anthrone method, and the content of titratable acid was determined by acid-base titration. The same as

below.
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Fig. 1 Effects of different fertilizers on fresh biomass of shoot (a ), dry biomass of shoot (b ), plant height (¢ ), yield (d), and fruit quality
(e-h) of tomato in the field
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Fig. 2 Effects of different fertilizers on soil chemical properties of tomato in the field
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Fig. 3 Effects of different fertilizers on soil bacterial community( a. Chao 1 index; b. Shannon index; c. Principal component( PC )analysis
of tomato rhizosphere bacterial community;  d. Relative abundance of rhizosphere bacteria at the phylum level;  e. Linear discriminant

analysis Effect Size ( LefSe ) of tomato rhizosphere bacterial community )
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Fig. 4 The effect of different fertilizers on the absolute abundance of tomato rhizosphere soil antibiotic resistance genes ( ARGs ) ( a. Types of

tomato rhizosphere soil ARGs under different conditions;

abundance of tomato rhizosphere soil ARGs ( type level );

b. Principal component analysis of tomato rhizosphere soil ARGs;

c. Absolute

d. Absolute abundance of tomato rhizosphere soil ARGs ( gene level ))
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Fig. 5 Correlation and interaction network between tomato rhizosphere microorganisms and ARGs ( a. Correlation analysis between ARGs and

rhizosphere microorganisms;
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rhizosphere microorganisms )
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