


w % # 3 $40 % 46 W

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4 6 A 15 H

H
jtﬁwﬁmjt%éygjigqq@ﬁm%ﬁmg”””“”””””u””“”””””““””””uu”””””””u””””””uuunt ............

K, BAR, MW, TAE, KK, B9, BSW, BEH, KT, MAK, EH, XEX, TRE (2493)
ﬂgmeM;mﬁﬁmimm YUREIE S AEZE S B PP e Wi, FEE, K2, R, B, G AKE, R (2500)
LfﬁEﬁﬁmﬁhmﬁﬁLﬁk%%%ﬁﬁﬁ&uﬁﬁﬁﬁﬁhﬁ&mwm ................................................

RSO EEREEALL ARt r%ﬁ,&, ﬁ;ﬂ} %é&% —j ﬂk }’ijﬂﬁ /U]i’lﬂfi %ﬂ_ﬂ_ (2510)
FHHT 2017 AR IS YL T TR IR TCHUAL L TS YR E AT - eeeeemeemmmmmmeneneees ; ..............................................
............................................. % éﬁ% ]Sff%# ?11% ;%? 5% Dg'h ?ﬁ %Lg /51%)1 ;(]’54\1 (2519)
B R b T B a0 0 A s = 1T LT
............................................. ;’g\j*@ ;f]:‘]‘lh% ETZ# g&ﬁk E&i)@, ;(jjﬁﬁ Eﬁkﬂé ;%X ﬂ%ﬁ& (2526)
BT HEBUIOR AL SRR AR oeeeeeeeen b REE. B KL KA BRI, Z (2533)
DT AR5 Ry Ut B BT AL A RO BT +oeveeees B, BT, HAR, RS SHAE THE. KE (2540)
G RGNS AL I B30 k3 L I
------------------------------------ MEK, BEE KEE, FIUW, BHG, RGH, REF, £, T, 2¥ (2546)
F%ﬁ%I%%ﬁWP%;Wﬁﬁgﬂﬁﬁﬁmiﬁ&ﬁ%%%ﬂ& .........................................................
................................................................................. X'J%T—?E, U‘%ﬂﬂ %/ﬁ;ﬂ :5‘%3 I’77‘H‘ %g% (2556)
2014 ~2016 AEFIERMTTFH PM,, A1 PM, | 15 0BG TEAY +vrevreeeeereeesoenmsmeemse i e
................................................ sk, T, RpEi, WU, BRKK, T, 2R, K&E, K HE (2565)
1990 ~ 2017 4541 [ i X GBI IS (2 A K 3L TR oo o AE, MEX, BB, MAIK, T (25712)
jtgﬁﬁfﬁgﬂi b 35‘/;{5— ﬁ“%ﬁﬁ'ﬁﬁi.ﬁﬁ ................................................ E@E é FH, %W'F% FH%B (2582)
{Ifﬁ:ﬁpﬂ{ﬂﬂ%ﬂﬁﬁ%/ﬁ%%ﬁﬁﬁi{%ﬁ&ﬁ%?ﬁ RSN AE R LR LRI EE %,\XX Eﬂﬁ()ﬂ HE e, 7K = (2595)
WA TR X RS, NO, . HNO, TSR TE YYIRE L T RRIITRGE  wveveeereremee e
..................................................................... WPH AR T, Mk, £F, TAK, 2F, 24K (2607)
AT B K U [ AL B EORTR e EOF, EGW, RAE, TRk, TAak, EAE, AEE (2615)
L5 LLUBIFTURLC S BN I R A 5 e I R oo PRI, 2B, KEW, 2 F M (2624)
N @ S e ik Nl it o B RS %%%,%ﬁm,%W%,é%%(%m)
BN b 10 R S BB TG T o oevv e KSR, WaGE, FEA, X%, ZHE, R (2639)
= X T VR Y R A LR IR L 3L TR e FL(E 2R iﬂiﬁﬁﬁ:/ﬁﬁif/\fﬁ .............................................
............................................................... VLA, Joeri Kaal, R, %L, KMBH, TEH, B, A% (2647)
Zktttt%ZJ%/‘TFFﬁXTFFEE(Hz;ﬁaﬂiﬁtqﬂ(HDORdE’Eyﬂﬁ ..............................................................................
...................................................... s, BEE, BT, TRM, MBE, ¥U=, TWH, EHE (2657)
mk%ﬂﬂﬁﬂuﬁﬁ%$¢ﬁAHK@%%TK@%&&%EE --------------------- Wik, RARA, BEE XL (2667)
STEMPKHBDCHD KK TR BRI -ooveoeeeeeneoeess A, R, BOBR, BB i, KEYL (2675)
ﬁﬁ%iﬂﬁ@ﬂTmmw%%m&%ﬁ%%ﬁm~mmmmm~; --------------------- KT, BaE, REE, T (2686)
IS N C N MO SRR S B EARE - K38, B4, TR, RUERL BREHL, Z915C. 41 (2606)
e VBT YL L TR G VS Y YBATT -+ vvvververseessessesssessesseassesssaseessesstesbes e s ssess et s essasssssesbe s s ssens et e s e
................................................ E‘ﬁ%,ﬁﬁiﬁx,%ig fj[:t‘ﬂ, U:,JI_i$ ?/{i %%é%,?%‘(%,ﬂ/#/ﬁ(Zﬂ)S)
A T T R R T A ) S B AR T T IR JEURA L v vevvmmmmmmmimnn e e e oo et ettt e By, =W, KEE (2715)
IKURK B T AV B KRR IIE RS LRI vvvvoeessenssnennna WA, WM, B, FY, Bk BT (2722)
SN T LT RU B O T3 B SMBRBR IR, +vevvvsevseessemssnmssnsnin b Zipre #HE KEK, KE (2730)
B BRSO ACI T P ATRFAE  ovvvereresereessnnens T, HEM, BH, he2, KB, Bk, I (2738)
IK BEAAE I R I 7K T R A B BE VR AN AT AE -vveeermenrmreeeeee e, E%ﬂ}(, E%gﬁ'\’ )2 Xﬂ'ﬂ:, e, x| bE (2745)
ANFGRAN R K B TRy ] B 7K 32 5 b 31 ] A0 A5 5 A B K 4 W%%% .........................................................
B AN JKBE Wk, wWEE HEE, NEE, T (2753)
FKEFATIBH KBTI R R & 54, %ﬁ%ﬁﬁﬁﬂﬂﬁ .....................................................................
------------------------ R, 2RH, RLE, RUA, B, RO, FHE, KiEH, KE, EXY, £—T (2764)
SEERA B A BRI EFPERE oo vooveeeeeeece, kA, AR, PR, WA, K, B (2773)
WP AR A 50 K TR LR (BRI ST <o s EHA, %%,%%ﬁ(ﬂ%)
PRGBS 1) S 7 e b B 55 b IR /KA ATk &km %ﬁ ERw, ik, £5E, AFW, iz, RWE (2793)
VS KANIT KA HUBE T YR SO BRAL IR +veeeeeees e FNK, EF, MK, T, T, % (2800)
L X A P S R A A AL R S eeeeeees Ead, R, /EH;LE ffﬂfﬂ"ﬂ‘ Karasuta Chdyangkun (2807)
TEPETS VeV BRASAG XTI FR A RIM coeeeveemmrerinemeeeieeeeee 3 R, BEAE G, TEE, ZTU, 2 (2813)
F RIS T AT B FE AT A IAEHE wovvvevveeosoeesssseece B, *hEH, GAM, Ak, RFK, AHA (2821)
PRI A D] G L 2 T ARHE AR A o 2 R ARG ZR ooeveeeeeeneneeeene Ak, Lo, mXq, BN, BAEW (2827)
PRI TN TR TG Y] TR IN OFHF LMY -2 oeovemeemeneennnes WEE, BRI, BE, FAR, IR, HA (2840)
mmhi%ﬁkgﬁW%HEENM$ﬁ%%m&ﬁMEWMﬂ ------------------ A, Bhsh, i, FE, Hipd (2847)
I [l EUK S 3o} ﬁﬁfﬁﬁi@@%ﬂi%t%@ﬁ%wm .....................................................................
........................................................................ ﬁﬂ{% E'KJIQI é}iﬁ.@ 9’&3}1%, ?/ﬁfi 7151)?/;% Eﬂ7}<7‘?«(2858)
B R A A e YR e T A1 o oL on S R
e e T, BE, TRTF, R, MR, EL, A=F, £ (2869)
7 B e R T 5 DR T 35 R B O B G SR B SRAIE oo IR RS e
.................................................................. ;(1 ,;5 %%ﬁ—’ ﬁ\ﬁ.“?, ?;}%ﬁy’ X)(*’h ?ﬁﬂ‘ %Eﬁ, F/if\/ﬁ?@ (2877)
SE T GIS AIZ AU MM -S4 25 1) 3 A R SRR v B-d, WX, MEH, E4A, #HE (2885)
SRR D NN AN SRR 25 T 0T JL TG YT oo EAL KFW, Ay ERAk, Tk (2895)
B R JSUR VRO A TR L SSRGS AA VR AE - B, fRIcfh, 20k, S8, EEE, 3% (2904)
ﬁﬂﬂEM@ﬁ%ﬁ%%%kﬁﬂi%ﬁ%&ﬁﬂ%ﬂ%m%m ..................................................................
...................................................... 1@»%,& u\% _:E;H;CQI ;r|i$ ,#]IE?, Fif%} %IS/J ijr’/f']‘%[gﬂ (2912)
ﬁi%ﬁﬁﬁfﬁ&%ﬂ:ﬁ%@iW?ﬁi?'ﬂ%%ﬁﬂ@%ﬂﬁ s SR, %, IR, fh, Ak EHE (2920)
R LR (7 3 DNA-SIP /R Pk 58 0+ 1Y S i -oeeeeeeeeee MARA, EHE, EME, HAR, REE. HEE (2930)
%7!%%11%&%?7(]‘35%EPHM&ME%&T[%%%_KE’J G coeeeemeeeeeeeeeees AT, K, FRE, KW, 5 AR (2939)
A% FH I8 38 198 FP U 2 S ( Mn-ANAMMOX) 3 B IGFRTT  -vveemeeesmeeeneeene BRiE, 2EH, Bk, THE, i (2948)
YEPRPUFR 22 S o] W5 AT th S A TR BRI BN = vevveeeeesmmmmmmeeeesnnnnnneeeessannnicnaaens Ry wum. FEH GEM (2954)

(ARBERFEVIETT IS 35(2929) (RBERLEY ERG T 0] (2947) = (2646, 2656, 2857)



.l,:p_;
A In B OH i 5540 % 55 6 M1 2019 4F 6 H

Eco-Environmental
. . Vol. 40, No.6 ., 2019
Knowledge Web Environmental Science ol.40, No.6 Jun.,,

£ A Pr A = g — IS IE XT 75 H N, OHE Al B =2 i A B
AL

RN, EHE, A, TER, HERH

(R AR KRR S IR 425, iRt 210095)

TEE . o e B AR 20 R HIN, OHERIC A 5% e B LA A= AL, SR FH P TV (S SO0 3 0, 6T L 43 BT AS [ 5 ik e —
MBI ( sulfamethazine, SMZ) %45 H N, OFHER B il Ak S A AL BRI P FIAR G D RESE R £ BE A g . AR 3818 5 b B, 43
Hh . TCAEREPIAE R (CK) 5 JEFERFEAE, IRZEBAE, 4310, 5., 15 F130 mg-kg ™'Y SMZ Zb3H (SMZ0 , SMZ5 ., SMZ15
I SMZ30) , FEEEA KR A K 2 IR AR R T R IR A ARRE . S5 RW, ORI B SMZ 3528 B 78 A8 HI N, O HE i 19 2215 1
AL AN, OHERGE R, 5 SMZ0 ZbBEAMEL, SMZIS A7 B %2257 (P <0.05) , SMZ30 1 SMZ5 JCi %25 (P >0.05).
W MR EEALEE SMZ1S FI SMZ30 7EIIMEK P L3N TN, 0 B, 435)E SMZ0 AbHEAY 3. 47 Rl 4. 67 £i5, HIEIN T 48
NO; -N& . 5 SMZ0 AbFRATHE, b | Wk B AC BT £ 338 BL AN 16S TRNA JEH R | kit B P & B AL B AOA amoA FIE,
FALANTE AOB amoA KPR F 1 LA K Al A IS B H Y nirk | nirS F nosZ HE PR 3 B 24945 B B AOASVE R (P <0.05) , Rk B b 5
SMZ5 X 8- FL R = 2 WA BRI VE . BURE Iy SMZ30, SMZ15 5 SMZ0 4 ¥ 1) 16S rRNA . AOA amoA ., AOB amoA L K
nirK . nirS | nosZ FEH T AR FEME S H9.1.58 . 1.77 ,2.15,1.38  1.33 , 1.42 f11.24  1.37.1.08,1.65, 1. 11, 1.64,
1Ml SMZ5 5 SMZ0 AL PR 6 A~ FR B F /T 1, AL535075 0. 80, 0.99, 0.92, 0.76, 0.76 F10.77. N,OHFiGHE i 5
nirK B A 2 BE B AR B IEARSE (P <0.01) , KW SMZ 3 1b 5w S A Ak B G PE3E T N, OHEB ™ AR L. Rt # FHHi A= | XT
AR5 YA 200, BN TESk A BRI A, DA R A SRR

KSR A RN (SMZ) 5 RS NLOHENL; #5 %, mib i my fhad

FESES. X16 XEFRIREE: A XEHS . 0250-3301(2019)06-2847-11  DOI: 10. 13227/]. hjkx. 201808073

Effects of the Veterinary Antibiotic Sulfamethazine on N,O Emissions and the

Associated Microbiological Mechanism in a Rice Field

WU Jie, LI Zhi-lin, XU Jia-ying, WANG Jue, JIANG Jing-yan"

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

Abstract: Veterinary antibiotics can enter into croplands with animal excrement and can have effects on nitrification and denitrification
processes in the agricultural soils. A field experiment was conducted to evaluate the effect of sulfamethazine (SMZ) on N,O emissions,
nitrification, denitrification, and related functional gene abundances within a paddy field. Five treatments were used in the experiment,
namely, no fertilizer and no antibiotics applied (CK) , and pig manure used as basal fertilizer plus urea applied as topdressing with the
addition of 0, 5, 15, and 30 mg-kg ™' SMZ (SMZ0, SMZ5, SMZ15, and SMZ30, respectively). Soil and gas samples were collected
and analyzed periodically throughout the rice growing season. The results showed that the SMZ did not change the seasonal pattern of
N,O emissions. During the entire observation period, there was a significant difference in N,O fluxes between the SMZ15 and SMZ0
treatment (P <0.05), but there was no significant differences in N,O fluxes between the SMZ30, SMZ5, and SMZ0 treatment (P >
0.05). Medium and high concentrations (SMZ15, SMZ30) increased the cumulative emissions of N,O at the average level, and these
values were 3.47 and 4. 67 times higher than that of the SMZ0 treatment, respectively; the soil NO; -N content also increased.
Medium and high concentrations had a significant activation effect on the gene abundances of total soil bacteria 16S rRNA, ammonia-
oxidizing archaea ( AOA) amoA, and ammonia-oxidizing bacteria ( AOB) amoA during the nitrification process and the gene
abundances of nirK, nirS, and nosZ during the denitrification process (P <0.05), while the SMZ treatment with a low concentration
had a slight inhibitory effect on the abundance of each gene. The ratios of abundance copies of 16S rRNA, AOA amoA, AOB amoA,
and the genes of nirK, nirS, and nosZ treated by SMZ30, SMZ15, and SMZ0 were 1.58, 1.77,2.15, 1.38, 1.33,1.42, and 1. 24,
1.37, 1.08, 1.65, 1. 11, 1. 64, respectively, at the average level. The abundance ratios of the six above genes treated by SMZ5 and
SMZ0 were less than one and only 0.80, 0.99, 0.92, 0.76, 0.76, and 0. 77, respectively. The N,O fluxes were significantly and
positively correlated with the abundances of the nirK gene (P <0.01), thus indicating that SMZ had an effect on N,O emissions by
influencing the activity of denitrifying bacteria. Therefore, the pollution of farmland by veterinary antibiotics should not be ignored, and
the use of antibiotics should be controlled reasonably at the source, so as to reduce the environmental and ecological risks.

Key words: sulfamethazine ( SMZ) ; paddy field; N,O emissions; pig manure; nitrification and denitrification processes

YfmE#A: 2018-08-08; fEiTHEH: 2018-12-27

E&WB: FRAARRAILESIH (41675148, 41375150)

EE® N RAR1994 ~), 5, BLOFRA, FEIIR IR TS R 5 28k A8 1, E-mail : wj2192296@ qq. com
# B EVE#E , E-mail ; lilacjjy@ njau. edu. cn



2848 ®

oo 40 %

AR (NO) REEMRES K Z —, H
L ERER IS CO, 1Y 265 15, HAE RS
R R . NLO MR BE A 35 I A AUl 1 42 Bk iR
ERHN, MHSH5RPF %R N, 3
B2 MR 5 M i 48 A2k G e ). e
P AN SR AR S A RN, O P AR Y £ k42

N,OTEA M v iy HE 7l it o5 AN 20 3 7 4B S
65% . F& HHERAIN,0Z i rb 5 4 H N, O HE il i
B 7% ~11% ). N,OZ R0 ] 7= 4
Z—, BAWRC NG FEYY¥ ERIINO™E
() = ZUE W 2= ML, 6 RS AR R ) —
A 1 s,

GREHE e
;AR *O H D& M4 EEAMO (amoA/BIC)
' mnd
; | : @EMEAULIEIRMHAO (hao)
i N0 «——NOy ——> NO —> N;0 —>N; GTE R 5 S 3E BTRENOR
i b i (nord/BIC)
i I 1
RALAE i NOS i AR @RISR (narG. napA)
Lo -1\]23 i B G AL IR () (nirk nirS)
@ ®— AL EGL B (norB . gnorB)
I _ _ DAL RGE M (n0r2)
N2 Non -Zono- 24 no-Es N0 2y N
3T 2 e W N — @ BB £k 8 Jh i (6e7)
WAL At

1 LENOHMMMEFEE R

Fig. 1 Microbial processes of N,O emissions
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9295 30 s; 95°C 55, 55°C 30 s, 72°C 1 min, 40
AMEH; 95°C 15 s, 60°C 1 min, 95°C 15 s. 31¥ 5%
FHR Y SR P UL 1.

*1 BRERMSIFES
Table 1 ~ Primer set for the target genes
YIREFH A 519 ¥ FHY (57-3") P R B E /bp ik
F338 CCTACGGGAGGCAGCAG
165 rRNA R518 ATTACCGCGGCTGCTGG 181 [26]
CrenamoA23f ATGGTCTGGCTWAGACG
3 T o
BEALTHTH AOA amod JEPY CrenamoA6161 GCCATCCATCTGTATGTCCA 393 [27]
i A amoA1F* GGGGHTTYTACTGGTGGT
RRAAE AOB amod TH amoA2R CCCCTCKGSAAAGCCTTCTTC 491 [28]
4 nirkF1aCu ATCATGGTSCTGCCGCG
nirk nirkR3Cu GCCTCGATCAGRTTGTGGTT 473 [29]
. nirSCd3aF GTSAACGTSAAGGARACSGG 05 30]
mr nirSR3ed GASTTCGGRTGSGTCTTGA
. nosZ-F AGAACGACCAGCTGATCGACA 180 31]
1os nosZ-R TCCATGGTGACGCCGTGGTTG

1)Y=C/T, S=C/G, V=A/C/G, W=A/T, H=A/C/T, K=G/T, R=A/G

1.3.3 - HErP e — e sk i A0 I e D ik

(1) FrAbB SRR LA R TR T
MG, WERRFREL L g 1FE, BT 50 mL B.045
A V(HE): V(EDTA-Mcllvaine ZZ i) =1: 114
W5 mL, JR%, @RI 10 min, B5.0IFUEE I
THW, % LR E RIS K, A RBOR, K
4% 5 mL. SPC [ AHAEHUH (SAX H-HLB A H2 k)
iSe 2t 6mL HEE | 6omL HA/K A TIREE. JTHEE
23 BPEHIR AL 3 ~5 mL-min ", P4V 45 AR UGE
it SPC EAHZEUH:, a5, 6 mL #4liK
XoF EIAHAC R BEAT b0k, ket B2y, kb &
ARG, YRR SAX H:, 4k T4 HLB #, 25 3
mL FEEVEE HLB A, AR PR B v I vk 4 238+,
eJa 2 mL HEEE S, FRN.

(2) k2 [ EAH . ODS-AH C18 #E;
FEhA A ZHE (A): 0. 1% H R (B) =17:83;
R % 4 270 nm A0 2% A 2R ARG TN 2% AR R
25°C ; Wik 0.8 mL-min ' #FAEER 20 pL.

1.4 FdEabi

AR H SPSS 19. 0 il Microsoft 2010 k4 3#:47

BRI LA K G130, SR OriginPro 9. 1 #4%

Bn AT 1R
HRESR

2.1 SMZ XAEHN,OfFiE & . 2R E M
NH, -N. NO; -NfJ5 0

HASTIRE NI 151 45 Ab BN, O HESCHE & an /&l 3
N, SAEEhS A EHIEAR 2, AN[A] SMZ b B
A AR AR N, O 19 2205 PR HE O, KA 28 BAR
BLEAE T N, OHE 5 e e (B i) oF B (&1 2 FNEL 3).
PEAIKFEAERK 5 BB (6 H4 H~7H
28 H)FMGEAER B (7 H29 H ~11 A 11 H). £&4t
FRTESLAE WSS S d(6 A 9 H) kB —A- i,
Hrp DL SMZ15 &b B N,O HE il gl i K, R
202.03 pg-(m’+-h) ~'. GBARSE, SALPEAESS 9 d(8
A7 B )ik AL I AN, OHE U & K/ K SMZ30
>SMZ15 > SMZ0 > SMZ5, H:A1 Lk SMZ30 HE il &
K, }9726.58 pg-(m’-h) ~'. FALFAIN,OHEIL
T IR IR SR 5 B TR, Fe Ok B AR X AR
AR E KT

DA A5 Ak BRI VR ik S SO i i X6 N, OHE e 368
VB HF 05 220 e, SRR ANSE AE B B 45 Ab HiL 2

2
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[N, OHE il B T & 2 5% (P >0.05) , TAK
b 37 UL ] 22 [6] BN O HE i AT e i 3 22 5% (P
<0.01). EAULMY], SMZ15 5 SMZ0 z 7] B4 &
FER(P<0.05), SMZ30, SMZ5 5 SMZ0 ¥ .
FEF(P>0.05).

1500 | ——CK
—e— SMZ0

_ 1250 —s— SMZ5
= ——SMZI15
So000 | —— SMZ30
E
g 750 |
] 7 T
= o300 -
o
Ef. 200
GERT

oL P S

1

1 1 1 1
05-28 0628  07-28 0828  09-28  10-28
HH# (A-H)

CK ARFARIRNSEFE SR — W EUERLBE ; SMZ0 | SMZS
SMZ15 fil SMZ30 733 CERAIMAHIER 0, 5, 15 A
30 mg-kg ~ ' AYRE R EE , R IR
3 2017 F£ABERRIRE SMZ SEN,OFFHIMEEZ L
Fig. 3 Seasonal variation in N,O emissions from

different SMZ treatments during the rice season in 2017

ANFEDILI BT BEN,0 R ARHE R W3R 2 frs. 45
R, 5 CK AHL, Jitm @& A HLT G 281 SMZ0
B 0PI T N,ORIHERK (P <0. 1) , T SMZ FAFAERR
AR T MCELEE, P MR SMZ AbBEY CK AH LN
TN,OR RFRHEL, RAEFEG I LRIk i M2
SE(P>0.1). ¥HEAF LEEAIKFES SMZ1S
SMZ30 AL FEAYN,0 R HE & 43 51 & SMZ0 4k PR Y

3.47 F14. 67 £
F2 KBEAREHLELEN,O0-N RRHFHE"
Table 2 Cumulative emissions of N,O-N from

different fertilization treatments during the rice season

N,0-N/kg-hm ~2

A FALH B BIEK B B AW
CK 0.18 £0.02a  0.21+0.03a 0.39 +0.05a
SMZ0 0.07 £0.01b  0.08 +0.01b 0. 15 0. 03b
SMZ5 0.06 £0.01b  0.09 +0.02b 0. 14 £0. 03b
SMZ15  0.17+0.10ab  0.35 £0. 16ab 0.52 £0. 25ab
SMZ30  0.1520.10ab  0.55 £0.45ab 0.70 £0. 55ab

1) [F)— AR TR RR 2 R A R (P >0.1)

Bl 4 N KRG 245 Ab PG - 3ENH, -NFINO, -N
Frm B AR, AL P& A B 1 3FENH, -N
FINO, -N 2 76 jite in a8 A0 5 i B0 d K i (. + 3
NH, -N7EFEAARIKE F BB & FNO, -NE &, skt
S SO 0 B 8] % 4+ 98 NH, -NFINO; -N 2 f 1 — K
T2, GURATT AERAE], 5 SMZ0 b FRAH
I, SMZ30 4bPH & EH A T HIENH, -NAHINO, -N7

H(P<0.05), H15 SMZ0 4L FENH, -NFINO; -N+¥%
i U AE B9 B E 45 5 ok 1.56 Fil 1. 18 SMZ15,
SMZ5 5 SMZ0 4b ¥ 2 [A] () NH, -NFINO, -N 7 &=
TREZESF(P>0.05). iBIEH, 5 SMZ0 AbHAH
L, BR SMZ30 2 35 7 1 4ENO, N & (P <
0.05), SMZ15 #i B Ew/> T HIENH, -N& & (P <
0.01) 4b, H e At H 5 SMZ0 Z [a] f) NH, -N Fl
NO; -NEH®RBTCREZER(P>0.05).

T_lr 40

-{‘b 35t (a) ——CK

£ 30t i —o— SMZ0 —o— SMZI15
=25k —a— SMZ5 —e— SMZ30
Z i

z 0

NOy =N i /mg-kg™

]
06-04

P b -
07-04 08-04 09-04 10-04 11-04
Hi (H-H)
B4 2017 £KFEELENH; -NFINO; -NZEFHBT
Fig. 4 Dynamic variation of soil NH," -N and NO5 -N

contents during the rice season in 2017

2.2 SMZ X+ 3EE A0 16S rRNA K i Ak 2 fi 1k
FHOC T BB PR 3 B 1) 52 i)
2.2.1 SMZ %} + HE B 41 16S rRNA K AOA
amoA . AOB amoA H:[H 32 FF {52 I

K5 R4 b BRI AN TE 16S rRNA JE R =
AR, BN, 25 A0 B 1 ST 16S
rRINA J5 [R] 3= B AR b b S AR — 30, A6 )0 49
AR 22 AN, B SMZ30 AbBEAE7 H 21 H
INBKAESN, HARAPEAE 6 H 22 H k3 IE(H.
JENEALS %S 6 d(8 H 4 H), SMZ30 % & &3
T IS AR 16S TRNA BEPR 3 (P <0.01),
SMZ15 Ab PR {2 #F 4 FE R IR 3 3 1 22 5% (P
>0.05).

2N v e Rl I =7 VT I < S VRl A
SMZ30 . SMZ15 . SMZ5 5 SMZ0 4b ¥ 27 6] 16S rRNA
R FEAMEFEZER (P <0.01), H SMZ30,
SMZ15 . SMZ5 5 SMZ0 kb FE ) 16S rRNA FE K =F J&
P& DUBCLC AR 1 - Y 53 1 Dy 1,58 | 1,24 F1 0. 80,
AL SMZ30 F1 SMZ15 ZbFEXE 3% BB 16S rRNA
ABCEVEN ; SMZ5 X T3S0 16S rRNA A 26
.

6 NN 13 AOA amoA F11 AOB amoA
FENFEEAZ. ANRLEEER 15 AOA amoA il
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— 10.0
=2
o CK
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2
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08-04

06-04 11-11

H (A-H)
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Fig. 5 Dynamic variation of the total soil bacterial 16S rRNA gene abundance during the rice season in 2017

AOB amoA TEREA™ WL 9] N A8 fb i BE A R, 45 b B
AOA amoA F1 AOB amoA FeREELE6 A 22 HiEF|
WM, Z AR T EERITRLBTRE. 16
SMZ i AJG B9%5 5 d(6 H 9 H), SMZ30 il SMZ15
SO PR AN T 3 AOA amoA JER FHE (P <
0.01). MEMEBAEERIZE 6 d(8 H 4 H), SMZ30 %
WEWINT 1 AOA amoA 1 AOB amoA F:R )&
(P<0.01).

2 TR F O 22 A BT R AR, A I
SMZ30 5 SMZ0 Ab B2 [8] AOA amoA F1 AOB amoA
HERFEAR R FEER (P <0.01), SMZI5S 5
SMZ0 AP [E] AOA amod FERFEEH L EZF (P
<0.05), H SMZ30, SMZ15 ., SMZ5 X SMZ0 kb
AOA amoA FER = & $8 D AE B9 ~F Y18 5 51 R
1.77.1.37 F110.99; AOB amoA F:[H 42 N % 1
B2 4 9 M. 215, 1.08 F10.92, A%

SMZ30 Fil SMZ15 4L HEXT AOA amoA 1 AOB amoA
A BOE .
2.2.2 SMZ % +35¥ nirK . nirS Ml nosZ F:HFEHY
A

K 7 A3 nirK | nirS 1 nosZ 3R FE)E I sh7S
Ak S AEIR nirK BEPR S EETERIN SMZ S R4S 5 d
(6 H9 H) RN, F78 3 IRt e A5 i 56
6 d(8 H 4 H)SMZ30 il SMZ15 &b 34 & 2 i F
T nirK FEHFFERE(P <0.01). FAF nirs F2HF
FERTIAE RS, hEEaTRE, 8 H 24 HIF#&
AP T TERENGEAE SRS 6 d(8 H 4 H),
SMZ30 KbH S E L FE T nirS JEH FEJE (P <0.05).
HALEER) nosZ FENEETE 6 H 22 Hik B, 75
Jiti i SMZ JE 955 5 d(6 H 9 H), SMZ30 AbBE & 2%
T nosZ BHEFE (P <0.05); Hilneit)s s
6 d(8 H4 H), SMZ30 5 SMZ15 4b 3 & 3 n T

7.5
(@) AOA amoA [ ek SMZ0 sMzs = smzi15 P smz3o
g | a ab d
270 o b 7w
= dg — c — a a a a a R
#, 65 | PEE TIAE M B8 Maaryr M c¢  ablab
£ 3 = = h:§ o\ beb . d =
Ei- — H = =%
Sl |AH = | RS N NSNS
ﬁ INE = = N =
= T AR AR | R N =&
= NH ANS N N =%
5.0
06-09 06-22 07-06 07-21 08-04 08-24 1-11
= [ aos a a
8 (b) amaod b %
ab, P%
B0 F e PR . K
W = a
= ’\_0 R X
£3 60| NS %
£4 e NER o X
g 8 NER o
s ONES &
5 55+ NERS "0, ol
® NE o <
3 NES (S
B o4, A

Hitl (A-H)

E6 2017 FKFEZE1IE AOA amoA F1 AOB amoA EEFEFHETH

Fig.

6 Dynamic variation of the AOA amoA and AOB amoA genes abundance during the rice season in 2017
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Fig. 7 Dynamic variation of the soil nirK, nirS, and nosZ genes abundance during the rice season in 2017

nosZ FJE (P <0.05).

S e iy =0 T I S VB e
SMZ30 5 SMZ0 #b¥EZ [6] nirK | nirS Fl nosZ FFE
HEEER(P<0.05), SMZ15 5 SMZ0 &b 3 2 |q]
nosZ FEAWMBEHEER(P<0.01), SMZ5 5 SMZ0
AbFE 22 18] nirK . nirS Ml nosZ FEH AW B EHE L
(P<0.01), H SMZ30, SMZ15. SMZ5 5 SMZ0 4b
BRI nirK DR 3= B2 H5 DUER LU AE 04 7 3 20 51 ok
1.38, 1.65 F10.76; nirS HKPH =5 & ¥ DB L (H A F
PIEAY 90K 21,33, 1. 11 F10. 76, nosZ KX 4 s
DB LR P 3E 530 Ry . 1. 42 1,64 F10.77. F]
L, AL Y SMZ30 AT SMZ15 Ab B X nirk |
nirS Fl nosZ JEH FEHABIEVEH ; SMZS X nirk |
nirS 1 nosZ PR 2 4148 — & W/ H.

PRI nirK F1 nirS A R TN,OR 74 | TGS

nosZ W2, 80— B A KR A K ATk
JE SMZ AbBR 4R SMZ30/SMZ0, SMZ15/SMZ0 #il
SMZ5/SMZ0 F) nirK/nosZ 5 nirS/nosZ WABWI RS, M
THE SMZ 5% W N,O 76 I il A A I b ™= 26 (nirk
nirS) FIVHFE (nosZ ) W REFE N F BEAE — e FEBE L1
AH X 5% 55, SMZ30/SMZ0, SMZ15/SMZO0 #i1 SMZ5/
SMZ0 1 nirK/nosZ HAB M R 43 514 1.02, 1.21 F
1. 01 nirS/nosZ HLABMIRT 535120 1. 00, 0. 84 F11. 03,
VEBARS SMZ15 1 nirS/nosZ /NF-1 4F, HAAbHE SMZ
Xt nirK 1 nirS FIVEFHER nosZ IR,
2.3 FAHN,OHEmGE R 5 - 58 ST 16S tRNA K
firi b B i 1k AH OC Ty fe & A =F BE R 42 8 NH, -N
NO; -NAH etk

F A A BRAIN, OHE O 5 45 2y e & 8 3= B ik
AT A SR H, an 3R3 B 7 , NLO HE G & 5 nirk

£3 KBENOH M 5HEXNEEEE R HENH, -NFINO; -NAIHE £

Table 3 Correlation between N,O emission and related functional genes and soil NH," -N and NO; -N during the rice season

16S rRNA  AOA amoA  AOB amoA nirk nirS nosZ N,0 NH; -N NOj; -N
16S rRNA 1
AOA amoA 0.576 ™" 1
AOB amoA 0.405" 0. 686 " 1
nirK 0.463 " 0. 540 ** 0. 353 1
nirS 0. 126 0. 251 0.501** 0.465 " 1
nosZ 0.474" 0.767 ** 0. 647 ** 0.545*" 0.400 " 1
N,O 0.192 0. 180 0.173 0. 840 " 0. 356 0.207 1
NH, -N -0.320 -0.270 -0. 106 -0.221 -0.126 -0.368 0.072 1
NO; -N -0.323 -0.254 0. 005 -0.290 -0.227 -0.182 0.029 0.324™ 1

1) * FRBEMIE(P<0.05), = = FRWEEMHE(P<0.01)
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oo 40 %

LD R B EA G (P <0.01), H5HAB LR
NIJC R FEMEME(P >0.05) , XA P& nirk
() S A A TR B 452 M i HE N, O FHIE L.

3 iFig

i fld — FP e g K U MR R, R T X SMZ
(R B A/ IR R AR, A T IER R SR A S
TR MBI, Pan %752 T 5 A Z e L3
(R AP RE 25 SR e Y s frle — PR s o 1 A% 2 1k A
S, TERIARIE AR TP A S ) iR, VRERAEDY BRI
RSP RE L B, SR
BB R], H A S S A 0 A B2 2 1)
REFRPE = TR, LA ZE S, AN
s s, fedk 1R A Y R A, SEm R
TR YITEIR A B P i B e 3, (AR L2
SR T A Y R R i e 2 25 ) + SR ) 5
Wit AW, 7 A 6 HEEA SMZ #9555 32 d,
SMZ5 . SMZ15 11 SMZ30 &b B 4 1 b (14 v 15 43 351 4
0.07.0.28 il 1.36 mg-kg ™", BRARIRAR 55 ik
98.5% . 98.2% F195.5% ; 8 H 4 HEI SMZ Jiti A\ i
5561 d H AR EE 235128 0.05, 0.23 F10. 54
mg-kg ', BLBT B R BRI 5155 99.0% | 98. 4% FI
98. 2% ; KABWRITED SMZ Jiti A B4 160 d 33
A 451 0. 03, 0. 08 F10. 18 mg-kg ™', BHA L
BEGR BRI 0.5% | 0.5% F10. 6% , [ vk
SMZ ib PRB: (AR 5% B R 230 — 3. WT UL SMZ FEjifi A
KRS IR RHA L R, e AT R, ATRE S
HokEess, TR, T K IR S il R
O, e — PR E A - b BROOR BRI TR B IR AN
(R = WA o] RERE AAETE, AR
itk frle — Y L g W R SR A 0 7 R 2- k-4 6-—
FLWERE I 4R IR IR BRBE NG, AU HE K AGFET
Btk EE UL — DR, B AR
PERRFNZK ). Shan %570 Y 1% 55380 00 th 1 B2 UF 52,
AR ARt PR TR e P v A ) o A P R 30 L R R AIG
TSR ER I o i B2, BEE BUAE RWREESE N, nirS/
nosZ HAHWEIE A, XFN,O M7= A 4 Rl /R . 45
BRI R SMZ b HiYE7T He HM8 H4 H
PIRain T -4 16S tRNA FEHN E LR (ES), Ul
ATt e — P g g A K L) 00 i 7= ) 440 T g 3 ik
RO 240 TR TG P RV D 8 22 R R 2 1T X6 SR 1k
it B AR A, JF HaxX A2 i a] gE 5 A Re A
KT SMZ BEAA K v [a] 4355 7 ) %) B 5 2 25 AU
W

AW, o R SMZ 7 A KRR A K
BRI N OHE A R VR, HO6H ™ A 1 4

AR A W ¥ TR SO0, IRV BE Y SMZ AR AL
RARIA . Hou %17 iy 45 5 1 Mg-Lle&fEﬁ?fU%
PUAE ZKOF-TT Rt e HY s S o) TR R ORR
by st SR, AR HE TN, ORI HEL, S ubss
KA, vTRE M T A PLAE At A ARk B
SMZ % +-3EWL B, AR FIRCR AR 3, e
AR, JE AU I AT 388 - HEXT AR R Ak
BER I, AR b HiE RGP, Hao %7 MOWFST
LW, TEPRIFR IR N 44 mg- kg " R iz 1% e A1 DY 2R
R AR SN TP N OHE I &, SAHESE h s ik
JE SMZ XN, O HEROR BEA — 3. 58 H I, Al g
FET SMZ XN, 077 A= a5 4 A A DT A Wi A
AN, - R A A P A vk B P A R Ak R R
— EEI PO BRI, XS RN AT R A A i
e 25 5% BE 2 RS AL Al v 1 AR, [ LB VR E
RIEPERG TR 2B B E (50 mg-kg ™) TS 2Y
YRt - 1 s i Ak 20 TR R Y B2 e — A B UK
TG AR, o i R FH AT e B ok S A Ak 4 B
XZ PRI T eV E B Z 2 Wi A3 1+ 1
Ja, KA T —E b= 22 40, WA S A 4t
BERAE TR, fEdt A KM Awad S5 OAFSE
R, FEIMEE 20 mg-kg ™' B9 SMZ TRt 18 1 i
TR YRR AL, S L R A R N T
725 G454 AR 5 A Ry 38 v 14 18K 40 5 i T
Tt SMZ 5% B4 1) [ fif i 5.

AR5 AR HAC A K, N0 F 25 T [ A1k
. HZBIN,OHEHGHE f 5 nirk 55K 42 B A
FIEAHKE(P <0.01). fEWZEA | k2 A0 K it
a ., FHRH R R, RS K E | pH [HSEY
252 Nir B4, H. nirk FEHE nirS 3E X 36
BE R e o7 B AR 0T B narK JE IR RGN AL
IR BBl SR FAE A TUNIN, O BB 0 7 — A
o, AWUTAVE A A Py AR, R RS ik
HARNEEN T2 —, AR5 B ALy
752.03 g-kg ™', SRR, B A A5
KW, AHLIEXS nirk 5954 10 40 TR B9 52 0 i 2%
Kleineidam %' (HF 57 201, fif iz v i 15 0 28 TR i
AR AR nirK B AL AR Kotzerke 25
IBIFSE ZR A, ok e s g T i vy i 451 7 1 mar K 7R I
WHALAN A AR, Li 20 MRF T 45 Rk, N,0
HEGEEM nirk £FEE B ZEME, M5 nesZ £
JE S GAHE ) Aoy S AR —E

SAEACAE FH 2 i AH G Dy 1 25k PR R AR PR 2 4L [
PR A A SRR, BRI D) AE L ALY S A
A 200 R s X R BT 3R A e iy R B A AE R 25
JEH, HErfM A =S58 bt A REAEZ | 1k
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FEMZEREOR, PUER B — L A5 Y i A
AR A YA ROV A REAN R, A1 T iE— 4
5.

&

4

4 e

ANTRIE B SMZ 212K AU A FH N, O F 281 1 i
Fae, Hrb | ERBERG TN OHF, g 1 4%
NO; -N& 1, HXF+ 3 28405 16S tRNA, AOA
amoA . AOB amoA | nirK | nirS 1 nosZ R FEEHH
BEWIEVER, H SMZ X} nirk F1 nirS 3 X #4E H
ROREL nosZ S5k, AR BE SMZ /EFINPRBE . 1tk
Ab, N,OHERGHE 85 nirk 55 =F 2 ) 535 1M
5K, VLA SMZ 3 %5 ik 52w e FH b3 S A AL R
P P 2 T 5 M N O TR
SE Lk
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