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Medium- and long—term effects of the veterinary antibiotic sulfadiazine on soil microorganisms in a rice field
XU Jia—ying, ZHOU Jin-rong, WU Jie, WANG Jue, CHENG Su-yu, ZHAO Ge, JIANG Jing—yan”

(College of Resource and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The veterinary antibiotic sulfamethazine (SMZ) can enter into paddy soil with animal excrement, where it subsequently has a
long biological half-life. In order to investigate the medium — and long—term effects of SMZ on soil microorganisms, HPLC-MS and
[llumina MiSeq with high—throughput sequencing techniques were used to analyze the degradation products of SMZ and the effects on soil
microorganisms after 47 d and 61 d of SMZ (30 mg - kg™') being synchronous applied to paddy soil with different basal fertilizers (pig
manure and compound fertilizer). The corresponding indoor pure incubation study of the single degradation products of SMZ was also
carried out. The results showed that two degradation products, 2-amino—4, 6—dimethylpyrimidine and 4 - (2-imino4, 6-
dimethylpyrimidine—1 (2H) —base) aniline, were produced after 47 d and 61 d of SMZ application, with the former being the dominant
intermediate product regardless of which basal fertilizer was used. At the two sampling time points, SMZ had no significant effect on the
diversity and richness of the soil microbial community for both basal fertilizers (P>0.05). However, in terms of the microbial dominant

community composition, the soil treated with SMZ and pig manure significantly decreased the relative abundances of Gemmatimonadetes
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and Gemmatimonadaceae by 0.81% and 0.70% (P<0.05), respectively, and significantly increased the relative abundance of

Subgroup6_norank by 0.54% (P<0.05) after 47 d in comparison to the pure manure control. This indicated that SMZ had a significant

inhibitory effect on Gemmatimonadetes and Gemmatimonadaceae, but a significant promoting effect on Subgroup6_norank bacteria. The

incubation experiment confirmed that these effects mainly related to the SMZ degradation product 2—amino—4, 6—dimethylpyrimidine.

Moreover, in comparison to the pure fertilizer control, the soil treated with SMZ and manure significantly promoted the relative abundances

of Actinobacteria, Firmicutes (P<0.05), and Burkholderiaceae (P<0.01) by 2.66%, 0.71%, and 0.25%, respectively, after 61 d of SMZ

application. In contrast, the soil treated with SMZ and compound fertilizer significantly decreased the relative abundance of Thermodesul

fovibrionia (P<0.05) by 0.43% after 61 d. Therefore, the medium — and long—term effect of veterinary antibiotics in soil, especially

sulfonamides, should not be ignored.

Keywords : sulfamethazine; degradation products; soil microorganisms; community composition
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F1 SRR Alpha BHEMEEE
Table 1 Alpha diversity index for different treatments
5 8] Time A FE Treatments OTU FrAeH8 %L Shannon ACE 7 55 Coverage
47d M 4 648.00+465.28a 7.38+0.09ab 5772.82+61.69a 0.96+0.01ab
M+SMZ 4 220.00+274.36ab 7.33+0.15ab 5653.07+146.47a 0.95+0.00b
F 4767.50+355.67a 7.43+0.04ab 5726.87+47.33a 0.97+0.01ab
F+SMZ 4491.50+314.66ab 7.47+0.03ab 5 632.99+252.04a 0.96+0.00ab
61d M 4 328.00+240.42ab 7.30+0.06bc 5455.53+117.18ab 0.96+0.00ab
M+SMZ 4 737.00+£248.90a 7.40+0.01ab 5523.57+154.95ab 0.97+0.00a
F 4 744.00+283.55a 7.50+0.02a 5760.75+35.27a 0.96+0.01ab
F+SMZ 4 651.00+£329.51a 7.50+0.10ab 5634.64+118.29a 0.97+0.01ab
BEFE48 h M 4025.00+137.18ab 7.07+0.05¢d 5175.30+41.31bc 0.96+0.00ab
M+ADPD 4727.00+76.37a 7.34+0.02ab 5630.79+21.08a 0.96+0.00ab
F 3771.00+738.22b 7.06+0.23d 4 889.13+411.59¢ 0.95+0.01b
F+ADPD 4 385.50+139.30ab 7.34+0.06ab 5431.01+225.23h 0.95+0.00b

1 < Rl — B[R] 7 B R 22 A8 8.3 (P>0.05) .

Note: The same letter in the same column indicates no significant difference (P>0.05).
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Wi, JHC v 25 B0 7T I . 25 [ IR 0.70% (P<0.05) , & W]
B M+SMZ b #E X Subgroup6_norank W J& A 2 & i
HEAE T, X 25 B M s kS B E R E ] . F+SMZ AT
AL B PR, 24 B T e AR R A T e A R RS
0.13% F110.12% , Subgroup6_norank FA 7e [ 18 J& A X
F B2 53 5 T B 1.50% F10.04% AN B2
(P>0.05) . il — F B e iy AT HT 61 dJis M+SMZ 5
M AL FRAR B, A7 o2 PG B 8 AR AT 3= B2 A 2 38 m 0.25%
(P<0.01). ZIEX F+SMZ 5 FAbSRAR HE , PRJBEBR AT 1
JE G B 5 PR A1 0.439% (P<0.05) , 6 B LUSE 25 5
S5 B Ry RENE I T e — Y 5 W o - A A ) 7T i )



TRHEII 5 <M T R - MO 0 K 1763

—_
(=}
1

a O47dm
[47dM+SMZ

b

a

"L a a
_‘I T a
0
Subgroup6_ MR PUBGAT A CHR
s

norank

b o
He

FHXF F B Relative abundance/%

T ))& Microbial genus

12r

g Om

> a

2 — O M+ADPD

<

E 8r

2

=

£ b

- a

Z 4 ]

o=t

[

E o =Tl

E Subgroup6_ FHYUH)E ?A&Hﬁ@}jﬁ e IR )
WA

norank
4 W J& Microbial genus
10
O 61dF
a [ 61dF+SMZ
T
a
5t

H e

X BE Relative abundance/%

;_‘ a a
0 HTe
Subgroup6_ ZFHMITEE MR A RE)E

norank WA

T W)@ Microbial genus

201
Oe61dm
O 61dM+SMZ

_.
[
1

S
:

a a a a b a
1 I e e
Subgroup6_ AU %@Tﬁiﬁ SRR

[ESN:

norank

FHX B Relative abundance/%
i

o

T W))E Microbial genus

127
g a O 47dF

g ‘[ [ 47dF+SMZ

=1

<

= L

£ 8 a

=

<

z

=

= 4r :

= | il a  a

=z 0

£ Subgroup6_ FFFJARIE RUBEHT FLICEIR

norank G
A& Microbial genus

OF
O F+ADPD

W
T

a a
=

0 e
Subgroup6_ FEHHITE IBRFT AR E)R

norank T &

AP JE Microbial genus

X 3 BE Relative abundance/%

Figure 6 Relative abundance of Subgroup6_norank , Gemmatimonadaceae , Thermodesulfovibrionia and Burkholderiaceae of
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Table 2 Changes of soil microbial activity and richness

during 7 d of single and combination treatment of cow manure and
SMZ for different soils®”!

Kb T P15 Pk Microbial activity £ & ¥ Richness

Treatments 1d 7d 1d 74d
T 0.35b 0.19a 7.60a 5.00a
T+CM 0.24ab 0.68bc 7.00a 17.30b
T+CM+SMZ 0.25b 0.87¢ 7.00a 20.60b
T+SMZ 0.16a 0.67b 6.60a 14.30b
S 1.39d 0.79a 25.60c 25.60b
S+CM 0.90c 1.24b 24.00¢ 27.00b
S+CM+SMZ 0.72b 1.20b 19.00b  22.60a
S+SMZ 0.47a 0.70a 13.30a 20.30a

T s [ — -3 b 3L ] — B AN [ 7 B 08 22 57 Wil 3 (P<0.05) o
Note: Different letters in the same column for the same soil indicate
significant difference(P<0.05).
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