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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 (II) were 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 p-lactam ARGs. However the risk of accumulation of tetracycline, aminoglycoside, and
sulfonamide ARGs in rhizosphere microorganisms needs further evaluation.
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PR A A ek RS A A FP oy GBS-Hdh 903, BHEINA " 6-F AT R (HE R
AR KRBT, flidh. BTS T ZAMEHSRAIE, 3 pH v 65, AHRSEN

http://pedologica.issas.ac.cn



+ 3 AR
Acta Pedologica Sinica

401.8 g-kg', 4% 73.43 g-kg?, 44 47.10 g-kgt, 4% 9.18 g-kgl, EEHEHRLE. WG HEEE S
(13-7-21) AuEEEANE (10-6-32).

P 2R PR AT . FH ()6 b A R T BB RS A RS ORH (32°03'N,  118°57'E), H
i) +3% pH Jy 6.37, GG 14.74g-kg?, 4% 1.27 g-kg™, HEF4H 254.2 mg-kg™, 4 &HE 150.4 mg-kg™.
1.2 REHREHEMRE

FAm K = B EEARE EE A, BEARE (CK. EMEAIE (CPH. EEAIIE J2
3AMAEHR, HWIE A REA AR S S 7E 2 A A 1 000 kg-hm?2 A8 (13-7-21) 1E g%
fE: 76 3 H R AUk 500 kg-hm? 400 (10-6-32) 1FEABAL. A HUAL AL B AR A5 50 T
EEAHUIESE AN, B A A I EE P I IR S AR 20%, B LR AN A0 EE L3, B, A
TREAR-H (F D, §MCHEEE 4NER 4R, S 12 4DX, BEILXAHES]. FAVDNX
AR 45 m?, Fild 240 ¥RF A PiZE (2019 4ERKZEAN 2020 4E#2E) HTE R — /N DXFEAT A [l e AE Ak 2 o
Bk 14 Fj5E, BA/DNXEENCRE 3 IR AR KRR L, HTEE0: REMEFRMBL. M
PR RERgEREs, HTRIFRM AR RS, RE S, REFFF MR LR,
FH 43 Hv it FH 7 2 11 A ATLRE XS AR B L il 2 P v 45 4 S ARG AHX = B (1 52 o

1 ENEAHAFIENE

Table 1 Nitrogen, phosphorus, and potassium nutrient inputs in each treatment

JLAE Base fertilizer/(kg-hm™) & e Top MR BEN Total nutrient input/
dressing/(kg-hm?) (kg-hm?)
Ab
Treatment % & e A LA & & JIB Chemical A i3 H
Chemical Bacterial fertilizer ( 10-6- Nitrogen ~ Phosphorus  Potassium
fertilizer (13-  residue 32)
7-21) organic
fertilizer
ANHtE e 0 0 0 0 0 0
B e 66.67 0 33.33 12.00 6.67 24.67
AT LIRS 53.34 23.61 33.33 12,00 6.85 22.08

(DControl, CK, @Chemical fertilizer, CF, ®Bacterial residue organic fertilizer, JZ.

1.3 EfmEBERUE

T Al A6 T A6 KA 2 A B AR S, TR S A R s AR IR FON R A B &, AR
3 AR T AR ST, A FRT DTS (WAY-2S B, {3, i) I T R R M, DL
SER VRN S B, MR e E TR E RS BN, 26- ARt EAE R C SEM. B 14
PG, #/NXEEHLIERE 3 FREMIE RS M EEeEy R, G IR B AR B SRR R, B
TERS AR I MR PR, — ¥R BRI N-80 “CukAE, T HIEMAY R miEENE, — 0
bRbAZIT 4 COKFE T 3B a8 SRS R, 53 — &R /AR Bs L T, AT s A B A M o A
WMo FAFERK 105 CH T 30 min J5 BT 50 CHUA ML E4E 8, @ B3 TH 5 &
1.4 TIRIBUMBONE

W B AL FERAF HOAR PR LI AT A R e, FRAAERE IR pH. HEE (EC). MERTHE.
ARG E. AR R, B SR, AYUREE. RA pH THIE 158 pH. SR S R A0 e 145
EC 18, Wz HTiX (SUPEC5013 Y, i, MU WlE TSR, MERSE, RAMEBSIL
ke HIRAE A A R, KA (FP6410 B, 525, Lifg) e LI, SR SEASER A 4
gl g LR L,
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1.5 IRFRLIE DNA ZEE SR ENF

FREL 0.3 g M br13%, R PowerSoil +:3% DNA #2Hik7#]£& (MoBio, Carlshad, CA, ) %
HU -5 DNA. VEANRIHRE P R 4% DNA $&HGRF & U B k4T, $2HUS 1 DNA A Nanodrop  (ND2000,
Thermo Scientific, DE, £ED R, J+7T-20 CIRAF&H . LIRGAEYIREE s &7 405 16S
rRNA (V4 [X) i@H5I%) (515F 5-GTGCCAGCMGCCGCGG-3'F1 806R 5'- GGACTACHVGGGTWTCTAAT
30 #ATIFRS, i b BRI IR/ R (Shanghai Biozeron Biological Technology Co. Ltd) 58/ .
1.6 IRPRLIE ARGSs FE &M

RFr1-4 ARGs BRI ER PCR BHATARIM, i R jE R R A RA A 5E M. 7 E &
gPCR KM% #%: Step One Plus™SEHT %¢ ¢ 7€ & PCR (Thermo), iRif/&: TB Green™ Premix Ex Taq™ II
(Tli RNaseH Plus, Takara ,Code No. RR820A), K Step One Plus™SEZI 5% )52 & PCR (ABI7500,
Thermo, E[E). AHFAKI T H ATIRE L% WK & E ARGS™M, 3t 10 BiE, (4 g- BT
PEEEA (blaCTX-M. blaTEM. ampc). ZEFET Pkt (aacc2. aadal. aada5). KM WEERPTE
FK (ermA. ermB. ermF). VUIRERBHIMEIL (tetM. tetO. tetW). FEfZEPirERE Csul(l). sul(ll).
sulA) FITEEA2SHTIESEY (pbp5. pbp. pbp2X. pena).
17 BRGSO

¥ RiIES 4.22 (R fL: vegan. picante. ggbiplot. ggsci. psych. igraph. ggplot2) 47 AbHEAISE
AT BT IH—1LR) otu_taxa_table & % 7t 270t (PERMANOVA) FIH R & K H#6
vegan #£47 Adonis 7-#T, XSH (Duncan) £ EIAKIGAEE 2R EEM (P < 0.05), @il silva
(SSU138.1)16S rRNA #s 5 Xt 4 18 7 AR e vk /7 B3t AT v B U8, 4 ) 4 40 5 04 (Linear discriminant
analysis Effect Size, LefSe) ikt #5108 (LDA) MNAE KT 3.5 MBI AMAE RHE. HT
igraph U2 JE /KP4 AR E i nT WAL, JE T Wi B2 K2 (Spearman) AHOGHE (BI{E: |R| > 0.6 Al P <
0.05) @ KFWFhHEAT 28 K%k, 14 FH igraph €111 cluster_fast_greedy R it 5 58 ik,

2 4R

21 BABEANEMEREKFRLRENZN

WA LIRS E R A AR K g RILE 1o BAETH, HETERESE (CPH, FE R
—Z&) FREEANUEAIE R b R R R E N, FE GBS PRRELN, HEHEEA
BB (32) HELEPZEEERINE A LT E (K la FE 1), (HXFF bk E M R 8 & m
(B 1c FE 1d). AN [E] 4 BR8] 2 A R S n] v b & E AT PR TR & 2 R 2 m (& le AT
1), SHEME AL, B REE A HUEL IR 5 RS fe R &R RSN, HERELEEEMN
(E 19; S5EMEAGIEMLL, HF GE2F) HEAHELEEFRMGEER C SREEHN, BAKE
(F—ZF) LRETMH (E1h).,
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W nsFRMEIEZRAEE, NERFRARFMEFTARLLIE P < 0.05 MKF EFRENESR. BPRASWT: CK, N
MEHEALEE: JZ, BEEHUILALTE: CF, WA S NCALTE. A HIRT DY GO e vl Y, DARIERE I E nl v s & 8, R0
W EENE AR ERR S . FNFE. Note: n.s., no significant; Different letters indicate statistical significance among different treatments in
the same season at P <0.05 levels(Duncan’s Multiple Range Test); CK: no fertilizers, JZ: application of organic fertilizer fermented 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.

P 1 A R JERL S ) 2 A 2 L e s B AT (s b). ki (o). & (D). RSEMB (e~h) HIREM
Fig. 1 Effects of different fertilizers on fresh biomass of shoot (a), dry biomass of shoot (b), plant height (c), yield (d), and fruit quality (e-h)
of tomato in the field

2.2 EIEANEX TIRBA M FRAVF M0

ANTR] T AE Ak B Xk R A A S R A5 R A& 2 o . A EEA UL Q2. HRESIE (CH
AAHAL AR (CKO XF H A LR & B EC TR ELM (& 2a MK 20). SHMESIEMHEL, WAZE
W EVEA AR 3% pH HTEREN (B 2b), BT G A HUAE AL B 58 1 B A8 RN A ks
TEREEEN, HEFLEZRMN (K 2d ME 29); SHEMEEGICHE, FEREAHUICA R+
REEEERM, EKFLEZELL (H 20); WAFTH, MICHRRTT IREN SR, HEEH
UL 5 M E S IEM L R & Z R (J 20).
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Fig. 2 Effects of different fertilizers on soil chemical properties of tomato in the field

2.3 BEANEXEMRIRE YR ERNFN

Xof AN [t S A 22 P 7 AR B S AT 4G DU, A A [ it A Ak 30 25 50 R o 200 81 5 95 ) B
S5RME 3 Prom. KIUAS[F AL BRI AR BRI B B 2 FEEAH SR Chaol $REUFIFF A& (Shannon) FE4C i 3%
Ze5t, RUEEAHES IR EETE o ZREELEE M (K 3af1E 3b). EWMamird REoR,
1 FH%l 2 X 25 SRR B2 43 DN 11.44%F0 7.23%, —FRACEE R A& AR H LRGN BEVE B ZREMEE B2
Z5% (P>0.05, K 3c),

F it FH 8] 398 () A B R VR ZE T 1K T R il R an 18] 3d Frs o R IA 7] b BE 25 At A b - 45 HE44 17 9
M) 4 TR A AR [ CT KD, A X F AR I v A2 JZ B 1] (Proteobacteria ) ¥ 26 I 1]
(Actinobacteria). £¢#5 ([ ] (Chloroflexi). #F #ffi1# ] (Gemmatimonadetes). JEEEE ] (Firmicutes).
WA ] (Bacteroidetes). FRAT# 1] (Acidobacteria). Patescibacteria. 7% (Planctomycetes); Jifi
HEEEIEEZREI TN FEEEE S THAESRGHE, MaZET2E LT HFNEEE. HHA
[) A (1) A o 400 1 BE V% LefSe - Mr 4 Uil 3e Firow, it FH W A0 &2 & A 140 2% i AR B AR 10 35 FF 18 H
(Saccharimonadales) #1%' JEJi /NT 14 )& (Rhodanobacter) &3 & £ it ] 5 v A HLAE A 75 AR s o e
B (Luteimonas) FIWEJL T i Al (Chitinophagaceae) &3 & % CK A3 76 A AR b b 1) 32 50
JE/RIKE (Lechevalieria) FIZF B & (Gemmatimonas) W3 &
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2RI MM Linear discriminant analysis Effect Size Score (log 10)

d B d hEER IR BT, S REREEATULMEMZ S IELHEE P < 005 K THEZEMZR, B e BorgtiHn o
(Linear discriminant analysis Effect Size, LefSe) (BifEH KT 3.5 Hgif, EVESIF¥7Z R A EMFREY . Note: The arrows in panel
d indicate rising and falling, * indicates a significant difference between the treatment of representative bacterial residue organic fertilizer
and conventional compound fertilizer at P < 0.05 according to Ducan’s test, Panel e shows Linear discriminant analysis Effect Size (LefSe) >
3.5, which is the biomarkers with statistical differences.
3 N TEI PR 3 PR (IR (a. Chao 1484 b, FRIBHE: o WM BRI B VA F Ay (PC) 4341 d.
WRBRAN AL 1K BRI R e iR Prall s VA 000 (LefSed 2347)

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)

24 HEBEXRIREIR ARGs FEIF N
ATFAEREXT L3 ARGs 2680 4= L RN & 4 From . ARTFTEET qPCR BORILKI 1 19 M Il e
ARGs, 7378 B-WEEIERHUMERER . DU R BT . ZIEME 2R PRI A R N S L A
T Jlg S B0 o DR MW i S B DY . 3 A B R Rl L3 ARGs R ZFEME LR EE R (& 4a, P >
0.05). #RAEER I Hras RmT A, 4 1 A 2 XS5 AR 70 008 42.18% 01 13.06%, AHE AN AL
RO, T A LR 5 2 S A AR bR 1 ARGs (4t /% (B 4b, P < 0.01), 5 ME &L
(CP) MLEMTE R 2R (& 4b, P > 0.05), SAMAEAM (CK) Mt HEAHELE 2 +
PRI IS WS DUPA PR D 0 2 B 40, A VUL A B R ek
FOWE AU RE N B2 TR R G IR E (P < 005, B 40). 5AMALLE (CK) MLk, WElH
HUIBALEE (02D HRPR 3% b i S 7 25 U ML [F] aadab. aadal AN MR UL RERR sul(11) B & DU 3 26
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VE: p-NEIEEPTIER R blaTEM, VURRERZEPIMEER: tetM. tetO. tetW, ZEIEFHHZRPitEEA: aacc2. aadal.
aada5, KIFAEERBIMESER: ermA. ermB. ermF, BEREPIPEIER: sul(l). sul(Il), mEiEHASSEER: pbp5. Note:
fS-lactam type of resistance genes contain blaTEM, Tetracycline class resistance genes contain tetM, tetO and tetW,
Aminoglycoside resistance genes contain aacc2, aadal and aada5, Macrolides resistance genes contain ermA, ermB and
ermF, Sulfa resistance genes contain sul(l) and sul(ll), Quinolone resistance genes contain pbp5.
Bl 4 RERERL F AR B LA PR R (ARGS) % £ EEM (a. AFRIAE T HEAMRIRLIE ARGs FhK;
b. FHRER 13 ARGs £ iT; . FRER 3% ARGs KRB AR F & d. FmiRFr 1% ARGs £ F /KP4
xR
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; b. Principal component analysis of tomato rhizosphere soil ARGs; c. Absolute
abundance of tomato rhizosphere soil ARGs (type level); d. Absolute abundance of tomato rhizosphere soil ARGs (gene level))
2.5 EMRFRHEDS ARGs BIHE X4
¥ ARGs FiEFE 544 1T 30 BIMRPREY R AKE - RATAHR I i, $EFIZ MY ARGs &
FEMEIZOE (B 5): B AIEE (Luteimonas sp.) HIUIREAK, RRMEHF MBI ARG &%
IEAHOC (& 5a); /AT EJE (Bacillus sp.) S5V ER B ZIENE L ARGs 23 IEAHE (B 5a). WK
ST, ARBR I ARGs STREMA B R L AR S (&l Bb, M?=0.86, P = 0.018, M*fR#EX%R
BhkZE, MPAEHUDN, LIS — St . MRER IR s R B, X4 E ARGs TEA
RIZ 08 E RN R 2 M 2ttt (8] Bc, BEHR 2. 3. 4). BEEHfIEJE (Luteimonas
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5¢, MIZFREETT R R b, it RE A VLG AR bR 38 s AR RS S R AR R e —, W]
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WHFRI, HYIRES R REYITE S IR, IER 5T ARGs TP A FE IR 2 3 W VIR S5 /AR
bR, ARBRMCEMIIRIURIESE ARGs MIMERTE =, BEANRAIRA G, 7T Ress 4 S5 s A A A
ARGS RS [RIEA SCE R TR BRI A RIS 4540, RIS M E S IEM L, e A HLAE X £
AN o ZREMER B ZAEVETC R (B 3a A1 3b), {HASZE ] (Proteobacteria) AHX 3= i
LT, ST (Chloroflexi) AHXT =22 2 FRE (B 3d). A #kiES HEHEIL IS 72 o s AP
SR KEBRE I IMEDP, N IR E TR BN T IR R TME I s BAh, TRET
FLHE 2 PP BAEDD, A HUIE A R TR o AR A IR D, e P A LA 5 39 v 31 A 26 A e A 2 o
(4,33 th ] DAAE — @ FEJE B3 hn L3 (O RUE, (R E K . AR R DL A HLAE i 2 o
FR B B T PR P B AN L T R B AHOA T R (K 3e), EANMETARET, Mo E HAa e
WEK e AP, WE LT R R AT [ RUAE 770, LS hn A0 R DN AT B 1 M A AR A oA S R T,
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FETRL T AR IE B N B BRI, (HILETT Y ARGs 215 nlli KPR R, A& 3 8oR 3y
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A5 KU (98 16 PRE XURG: 3 et o B 252 7 o A 8 1 i R0 AR 0 o BT P o R S5 e
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