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Response of methane emission and the related microbial abundance to sulfamethazine and copper in paddy
soils

CHENG Suyu, ZHU Changjun, LI Xinyu, DONG Ning, ZHOU Jinrong, JIANG Jingyan"

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

Abstract: The production of greenhouse gases, such as methane is of increasing concern with respect to climate change. Methanogenesis
has been tied to certain functional genes in the microorganisms that produce methane through anaerobic processes (methanogens). This
study investigated the impacts of the singly or combined pollution of sulfamethazine (SMZ)and copper(Cu) upon the relative abundance of
functional genes of methanogens in livestock manure and their resultant methane production. A long—term incubation experiment was
simulated using manure as a source of fertilizer on flooded soils. Selected concentrations of SMZ (0, 0.1, 1 mg-kg ™', and 5 mg-kg™") and Cu

(0, 100, 500 mg-kg™', and 1 500 mg-kg™') were added to the soil-manure mixture in paired combinations. The study incorporated sixteen
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treatments, including a control (Cu0+SMZO0), and fifteen different paired concentrations levels of Cu and SMZ treatments (Cu0+SMZO0.1,
Cu0+SMZ1, Cu0+SMZ5, Cul00+SMZ0, Cul00+SMZ0.1, Cul00+SMZ1, Cul00+SMZ5, Cu500+SMZ0, Cu500+SMZ0.1, Cu500+SMZ1,
Cu500+SMZ5, Cul500+SMZ0, Cul500+SMZ0.1, Cul500+SMZ1 and Cul500+SMZ5). CH, emission rates and related microorganism

functional gene abundance were tested at regular intervals of incubation and analyzed for exploring the dose and tolerance effects of single
and combined treatments of SMZ and Cu on CH4 emissions and the related microorganism gene abundance. Study results showed that
during the early stages of incubation (0~12 d), different concentration treatments of SMZ and Cu had no significant effect on CH, emission
(P>0.05). In the middle and late stages of incubation(13~71 d), the addition of a low concentration of only SMZ(Cu0+SMZ0.1) in the soil
promoted CH, emissions, while a high concentration of SMZ(>1 mg-kg™) had an inhibitory effect. Both single treatments of high—moderate
concentrations of Cu and combined treatments of Cu and SMZ significantly reduced the CHy emission rate (P<0.05). In comparison with
the control, the Cu0+SMZ0.1 treatment increased cumulative CHy emissions by 19.7%. All other treatments significantly reduced CH,
emissions (P<0.05), specifically the combined treatments of Cu and SMZ, which decreased CH, emissions by approximately 77%. Single
treatment by SMZ had dose— and time—dependent effects on the abundance of the 16S rRNA-CH., mcrA, and pmoA genes. However, single
treatments of Cu had no dose— or time—dependent effects. Moreover, results of the interaction between SMZ and Cu were complex, and
primarily dependent upon the initial dose and application duration of SMZ. In the middle and late stage, application of middle or high
concentrations of Cu, either singly or combined with SMZ at concentrations =1 mg-kg™', significantly reduced the relative abundance of the
above—mentioned genes (P<0.05). Abundance of the pmoA gene was more sensitive to the single and combined treatments by Cu and SMZ
than the 16S rRNA-CHy4 and mcrA genes. The joint application of sulfamethazine and copper can reduce CHs emissions and the relative

abundance of the microorganism genes in paddy soil. This is beneficial to greenhouse gas emission mitigation. However, the environmental

risk of high concentrations of residual antibiotics and heavy metals in livestock and poultry manure should not be ignored.

Keywords : copper(Cu); sulfamethazine(SMZ); pig manure; paddy field; CH,; emissions; functional gene
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Table 1 Primer set for the target genes

plize SE| 519 19515 ~3") T Bk e Sk
Functional gene Primer Primer sequences(5’~3") Amplified fragment length/bp ~ Reference
165 rRNA-CH, 1106F TTWAGTCAGGCAACGAGC 350 [21]
1378R TGTGCAAGGAGCAGGGAC
merA merA—f CGCCCGCLGCGCCCCGCGCCCGT 509 [21]
CCCGCCGCCCCCGCCCGGETCGT
merA-R GTMGGDTTCACMCARTA
CGTTCATBGCGTAGTTVGGRTAGT
pmoA pmoA A189F GGNGACTGGGACTTCTGG 473 [21]
pmoA m661 CCGGMGCAACGTCYTTACC

¥ Note: Y=C/T,V=A/C/G,W=A/T,R=A/G.
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Figure 1 Variation in CH, emissions rate(calculate by C) from the soils treated with different concentrations of Cu and SMZ under

the simulated flooding incubation conditions
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represent the mitigation rate on CH, emission relative to CK. The letter in brackets (ad) represents additive effect, (at) shows an antagonistic effect,
(sy) indicates a synergistic effect while the letter (id) is an independent effect. The same below

2 SMZF1Cu B —RKEX& A CH, EFHME (L Cit) .CHOBHER K Cu-SMZ BX & 1E AR

Figure 2 Cumulative CH, emissions(calculate by C) , mitigation rates and type of interactions under single and

combined addition of Cu and SMZ
52 AT Y3l 1 2 AR CHL B HE L (P<0.05) , (HAE B (Cul00+SMZ0.1) 15 B 9 Jin FE F DA S ARk JBE SMZ
BN A 2% Hrfk BE (19 Cu (Cu500+SMZ0.1) 41 4 Bk i ) 44
SMZ Al Cu ) N F Iy 2 Mra R (k2), = 4b, HAth ¥k B SMZ 1 Cu AL B8 AR ARTR . BEE
BT AL A X CH HERCA B B B A BRA0Y SMZ YR FE RGBS, 33X Fl 32 AR FHAS S/ . 24
(P<0.001) . B T SMZ il Cu XU ¥ & &2 & V5 Ye it SMZ e ik 5] 5 mg- kg B, T8 Cu MR BE A R 11K, B A

1% WHART]
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FEpuaon (E2),
22 CufISMZ B — R E &5 3 18 CH. H A9 48
KINEEEEFEH N

AR AL BRAE RS 32 255 5.39 d MR 71 d B9 16S
rRNA-CH, merA F pmoA F PR =F B A5 Ak 43 51 40 1] 3~
BI5 o SR 0r 2200 B, 3 853 16 4k
FRIA] 16S rRNA-CH, . merA Fll pmoA FE R £ JiF 22 73 1
W2 2 (P<0.01) . Cu Il SMZ B — J 53 4575 Yext 5 7=
H LS A 21 16S rRNA—CH, Al merA J5 R 3E B 152
M) B E RSBl FE RS SR AT (55 5 d) |, Cu0+SMZ5
Cul00+SMZ1 . Cu500+SMZ1 I Cul500+SMZ1 4b 3
FHE T T M (P<0.05) , HoAl4b FE 5 CK AR
FE¥JE i 22 57 (P>0.05) . FERFFRHHI(EE39d), A
] Y i SMZ 81— 35 YL % 16S rRNA-CH. I merA %& [
PR IC B E S (P>0.05) o AN [EIVEE Cu i —5 4y
¥ @ 2 AR 16S rRNA-CH, JE K 3 (P<0.05) , 1 X}
merA FE R =E FE G W E 52 (P>0.05) . Cu MISMZ & &
V5 e 0.1 mg « kg SMZ S5 R WE CutlEs L&
Cul00+SMZ1 ., Cu500+SMZ1 4 4 4 159 i FE A% 16S
rRNA - CH, %t [H 3 & (P<0.05) , ik 7 i FE R 50%~
82%; ¥ CuS00+SMZ1 i 35 FEAIE mer A JER EJE 11.7%
A (P<0.05) , HoAtl 52 A Ab B 36 R = 3 #OC J 25 5%
W, EREFRIEW(E 71 ), P E k) SMZ (1.5 mg-
kg ") BAL— V5 Ye 2 i 2 AR 16S tRNA-CH, Al merA %t
3= B (P<0.05) o BEAh, s v B Cu B —35 L il 3
F#AIK 16S tTRNA-CH, % A 3 i (P<0.05) , TG ig i —
Cu ¥ B B A%, HXF merA 3 P 3 B 1 0 53 % 5% 1
(P>0.05). HAAHH, TCit Cu ¥R E m AR, ik
SMZ (1.5 mg-keg™) A S 15 Cu fik SMZ 4k ¥ (Cul1500+
SMZ0.1) 3] 5 B4 16S tRNA—CH. Fl merA 3P 4 5
(P<0.05) .

Cu Fl SMZ 5. — J 53 455 e x5 B A AL T A ¢
1) pmo A JE DR =F B AEAS [A] 55 5% B B (%) 5 i AR LA —
0, AR LI Ky SMZ F—5 G | 76 35 357 1 H IR

SO | i Ve B AR, B R 05 91 3 SMZ Wk B 34

FR (P<0.05) 53 Fh Cu Mk B B — b B, TCi8 AE MR
K5 TR o Bed8) o 2 B pmo A JE R ZE 18 s &2 B A #E A BR
T2 (K Mk B2 SMZ (0.1 mg-kg ™) RbFRZH 441, H4x e
A 4 B Y S RRAR pmo A DR R (P<0.05) .

M2 SMZ B —y5 et = R LR = B AT I S A vk
JEE AN (ARG B TC M 2 K ) R AR [E] 2800 (T
H GRS R L T Cu BA— 75 YL XT 16S rRNA-CH. A
DRt 5 AL SMZ B — V5 Y (10 v B 2 i A Bsf [) 3860 37
PPN AIK TG 52 i w3 B LRI TGS ) R A R (X
merA Fl pmoA FEH F= JETCH Bk FEERLE . Cu FISMZ
BAT5 YN 168 rRNA—CH, Fl merA JE PR 32 13 52 i 72
JET Z T SMZ W Y ik, AH L 16S TRNA-CH,
F merA FER EFE | pmoA FEH =E & X} Cu Fl SMZ #.—
B2 G ) 1o S AEURK , L o R A BRI

HE— 2 PEAT Cu M SMZ [ F 75 2243 W L 45
W32, SMZ Fl Cu 8 B AN A —4~ B A HLAE, B
HB R AE R SRR S W = ORI A B
(P<0.05) , 5535 AR A B 2 52 (P>0.05) o X T
16S rRNA-CH, J& K 3= 2 (18] 3) , 55 57 1l A AS [ v i
SMZ 1 Cu 41 E 1958 T30 LA Sz AR DR R 3=
{UAE SMZ IR JE R T DL T (5 mg-kg™) H BUFS HLRLON
{H Cul500+SMZ5 ZbHEER AN, R 7 AR 5 B SRRk i rh
AR He B LAl 7 4 Ry 3, SMZ i Cu 249 % 8 Mk 3 1Y
H A (Cul500+SMZ5 ) AFEHURN o XF T merA FEH =
JE (L 4), T Ky 25w 2 J5 1, AR v B LA P [R)
AR R 32, o s R B A Bl . X F
pmoA FEPEJE (B 5) KR i, B T iem ik 4l &
gl ST AR R AL, Hofl SMZ A Cu 2 A 1958 B R 34 02
FEPURLON s 7E 15 5% 05 11, B Cul00+SMZS hy 45 Hi 4500
Ob, Hfh &5 A5 Y ab BRI S B . B2
BAA TG YR G L 2, BT 5 4 )
(RIS B vk i B2 SMIZ i A -3 I

LA AT, AR AE & B CHLHEOH 55 4 A0 e 1
AV RESE R B AR S A BEM LR (P>
0.05) , HFERT IR B5E 39 d FIEE 71 d, CHLHEGE R

R2 CH.ERHMEERMERIEERFEERHSMZM CuABZHFHFESNER(PE)
Table 2 Results of two—way ANOVA on cumulative CH, emissions, and the abundance of 16S rRNA-CH,, merA and pmoA genes in
experiment with SMZ and Cu singly or in combination (P values )

HF CH, BRHERCR 16S rRNA-CH. merA pmoA
Factor Cumulative CH, emissions 5d 39d 71d 54d 39d 71d 54d 39d 71d
Cu <0.001 <0.001 <0.001 <0.001 0264  <0.001 0.041 0.002  <0.001  <0.001
SMZ <0.001 0.566 <0.001 0.001 <0.001 0.128  <0.001  <0.001  <0.001 0.049
CuxSMZ <0.001 0.001 0.161 0.021 <0.001 0297  <0.001 0.030 0.055 <0.001
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Figure 3 The abundance of 16S rRNA-CH, gene in soil treated with Cu=SMZ after 5 d,39 d and 71 d of incubation

16S rRNA-CH, il pmoA J R = B 1% X H5 (i 1 L I 2%
1EAH G (P<0.05) , AN FESS 39 d, CHL HEHGHE % 5 merA
LR L 2 E A 6 (P<0.05) .
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AW B Rt 7E SMZ H—5 Y 5%
PR AR B SMZ X+ 3E CHLHERC 52 i A BH 2 1Y
WP YN, A7 (A B 4 (1 2) , e e 7 %
FR R (R, X 5 3 PE R E 1 - s
g2, SHISE IR BFIE 3% B & Wk B i e S b 2k
# (250,500 mg - kg™") 7 5 3% IR A b 2 AT
CH, 2R ki . BIE 5 5 mg-kg™' SMZ 1S5 26, 16K
A B 3 A bt R B 6E CHL HE Y B S 0 2%

1% WHART]
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Figure 4 The abundance of mcrA gene in soil treated with Cu=SMZ after 5 d,39 d and 71 d of incubation

Yy, o DL 2-50 k-4, 6 — W L mE g 14— (23 44 k-
4,6- "W BRLmERE -1 (2 H) -2 ) A8 il 29, T SMZ 1Y
Vo AR P DA B 2 2~ 8 ik~ 4, 6~ — P L 1z ht, BE A1
CH.HERL , 1% 2 SMZ 51 CHLHERLHT 05 42 6 B IR 20,
3.2 CH HERIXS Cu B — 75 LAY Mm Bz K EL 411
FEARTHGY Cu B —T5 Yk BE S5 F T, 45 Cu b33y
SRR T CHL A HERC (& 2) , 328 R e 15 5% 1
Je 39 URHE U LB B Ee A (1), X rT B2
R R A 5% Cu v B 35 1, 5 350 8 P A 0
PEBRAR LRI, S WAE A Y 285 5 Pt 2 355 35 vh e
FF T U BE I S A4S T 168 TRNA-CH. 1 pmoA K& [H =
B (P<0.05) (&1 3 FIELS) , vie B b ey, R IR 3 oK
RS mer A JE P 3 BE 52 AN BH S5 (F] 4) , R AA AR TR
FERLY, . MISHRA %5775 %5 P B R i 58 & 30, B
R SRARC R B ) Cu™ (20 g g ) W IIN(PA CuCLIE )t
SN 3 R[] KR = CHL B 77 A A5 A L 8 i

AR IEUE AR Y Cu® (<10 mg- L) W LRt & &
JE 7K DR 480 Ak 3t R P CHL R 68 g it f 4R 0B R
B, AN 26 pmol - L Cu®* (LA CuSOLJE 20) 7E B (1 1
F7JE 1 (96 h) AR E T 1 Hh 4 38 (5 5H{E Cu® R 37.8
mg-kg™) CHL B HERL , X merA Fe PR 3 FE 1) 52 0 A I 2
(P>0.05)%, 5ABSES6F T, Joie Cu i s IR R
B3R mer A SEPR FEFE 5 SR — 5, XU PN Cu™
PL CuSO, T 78 2 4% 4 3 (Cu® 35 52K 20.15
mg-kg") , £ 40% f5: K H B FEK 8 550 R R 28 d Y
WF9E R I AR Cu™ (20 mg- kg™ ) AU AERE FEATHA (0~
14 d)BEAR T T BEGLA: 9 0006 P | 78 B 97 05 00
BT A HERCAE YIS T (P<0.05) , B (200 mg -
kg ™) 1) Cu™ 76 88 A 45 35 S5 B 1 B S5 R AIR T i
W1 1% PE (P<0.05) . MOHANTY 250V [R] RE 7E 25 P 1%
I R B, S IR BE 1) Cu (25 mg - kg™ ) A T4
60% H [ HF/K i 4508 T 5B R F T KRS 41 B e 41
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Figure 5 The abundance of pmoA gene in soil treated with Cu—SMZ after 5 d,39 d and 71 d of incubation
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