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Abstract: [ Objective ] The heavy use of pesticides such as chlorothalonil (CTN) in agricultural production inevitably has an
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impact on the soil’s ecological environment. Farmland soils are considered an important emission source of greenhouse gasses
nitrous oxide (N,0O). However, there are few studies on how CTN affects agricultural soil N,O emission and its associated
microbial mechanism. [ Method ] In this study, the response characteristics of N,O emission in three kinds of farmland soils
(S1-vegetable field soil, S2-rice field soil, and S3-wheat field soil) to different concentrations of CTN were studied through
indoor culture experiments. The concentration gradients of chlorothalonil were set as 0(CK), 5(T5), 10(T10) and 25 mg-kg™" (T25).
The abundance of microbial functional genes was analyzed simultaneously through real-time quantitative PCR. [ Result ] The
results showed that (1) Compared with CK, the treatments of T5, T10, and T25 in the acidic vegetable field soil of S1 led to an
increase of 1 868%, 1 264%, and 232% in N,O emissions, respectively. In the S2 neutral paddy soil, TS5, T10, and T25
respectively led to an increase of 4%, 138%, and 334% in N,O emissions, while for the alkaline wheat field soil S3, T5, T10, and
T25 led to an increase of 230%, 119%, and 23% in N,O emissions respectively. (2) The addition of CTN changed soil
physicochemical and microbial characteristics, and significantly increased soil dissolved organic carbon (DOC) content,
ammonia-oxidizing archaea (AOA), ammonia-oxidizing bacteria (AOB), nitrite-reducing bacteria (nirK, nirS), N,O reducing
bacteria (nosZ), and total bacteria (16S rRNA) genes abundance. Correlation analysis showed that the increase in N,O emissions
was mainly related to the increase in soil carbon and nitrogen substrate contents and the abundance of microbial functional genes,
and was mainly attributed to the increase in the gene abundance of total bacteria, ammonia-oxidizing bacteria, and nir-type
denitrifying bacteria, as well as the increase in soil DOC content. [ Conclusion ] CTN can increase soil DOC content and
microbial gene abundance, and eventually lead to an increase in soil N,O emission. Also, the effect of CTN on soil N,O emission
depends on soil properties and application concentration. The results of this study provide a scientific basis for further
understanding of soil N,O emission driven by CTN application and its microbiological mechanism and also have important
significance for understanding the potential ecological and environmental risks of agricultural CTN application.

Key words: Cropland soil; Pesticide chlorothalonil; Nitrous oxide; Functional genes; Dissolved organic carbon (DOC)
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HER H AT A ZE (31°55'N, 119°17'E), 4B
H15.4 C, FFHREKEN 1 106.5 mm; S3 1
F AERIRCE (33°19'N, 120°45'E ), 4E V450N
16.0 °C, 4E MK N 1045 mm, A+ 59001
HEENE 1 Pin. BRI H 3RS N 5

AR REL)Z (0~20 cm) HIEIRA, W
S5 % S 57 RO e AL O (2 mm) DLRBRAEY
BRI Sk IR E 0 P 4y o — oy LT 4 C
TR TR 5 — R A A XUk
0 O & o = 7 = M 41 B [ 0 O N s A
T A B A O SE
1.2 SENgZIt

ARG IBEE S IR (CK). 5 mgkg ' B #
WM (T5). 10 mgkg ' AHEEEHRM (T10),
25 mgkg ! AETEARAN (T25) DUANSAERE, A4 b 3
3AEE ., fERNAETT, 5 mgke ' HETE AN
AR 25 AR R, 10 F1 25 mgkg ' 43R 2 4%
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Table 1 Physicochemical properties of tested soils

- AU 4 AL
TS Soil particle composition/ ( gkg ") SOC/ TN/ NH,-N/ NO,-N/
Soil code Bk F ki V% A ot (gkg!) (gkgt) (mgkg™) (mgkg")
Clay Silt Sand
S1 240 360 400 5.47 14.09 1.51 2.88 10.64
S2 300 320 380 7.12 15.41 1.94 1.23 17.52
S3 140 360 500 8.71 5.2 1.07 0.18 11.26

TE: S1. S2 M1 83 R/RK A MR HRE LIS, S1 43Kt S2 WM L, S3 /LML, SOC: LHHH; TN: &4,
NH:—N: A% NOy-N: i % T, Note: S1, S2, and S3 represent the soil codes collected from three farmland systems, S1 represents
vegetable field soil, S2 represents paddy field soil, and S3 represents wheat field soil. SOC: Soil organic carbon; TN: Total nitrogen;

NH,-N: Ammonium nitrogen; NO,-N: Nitrate nitrogen. The same below.

1.3 HEEAIERNE

TS A (NH,-N) FIREASA (NOy-N) R
2 mol- L AL (LK 1:5), Hish
B4 ( Skalar SANplus analyser, Skalar, fuf>% )

M7 o HHET A Bk ( DOC) B 4liZK R4 ( £
KBTEE 1:5), SA PRI (multi N/C
3100/1, analytikjena, [ ) ., +3ELm (TC)
MAA (TN) & & i TR 2% ( multi EA 5000,
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T E 5 AL ( PNR ) FR il 1L 5% ( PDR )
43 591 SR G 0 1) 92 AR 2 R o s 1
14 SERESSH
SHGIERTFR J5 B RR LS, 7E NLO HEjil g
{H B B 2~3 KR — IR, SR (] [ 5 7F
4 7:00 — 9:00, 5 FEWIE], HRAE 1 NLO WE(E
R P S ) 0 TR SR B 9 3 e SAH 23352 ( Agilent
7890B, Agilent, FE[E ) M RAE M ARFE SR
R ARHEGE BT E AW

Fop AC 21315V (1)

L, FOREBRMHEIGE R, ngke h's p NbRifE
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PCR ( Applied-Biosystems Real-Time PCR, Thermo
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I N,0: EALTA . CK. TS5, TI10 Al T25 435 Rz (st E . 5. 10 F1 25 mgkg ' A HIE

e AR /NG FRE R b B A) 2%

225 (P<0.05). T, Note: N,O: nitrous oxide. CK, TS5, T10 and T25 were control, and 5, 10 and 25 mg-kg ' chlorothalonil was added

respectively. Different lowercase letters indicate significant differences between treatments ( P < 0.05) . The same below.

BRI L NO HEHUE B (a~c) AIZBUIRMCR (d~1)
Fig. 1 Soil N,O emission fluxes ( a-c ) and cumulative emissions ( d-f) under chlorothalonil addition
#z2 ARBEAMITLEEUERNES
Table 2 Differences in physicochemical properties of soils under chlorothalonil addition
13 b EC/ TC/ DOC/ TN/ NH,-N/ NO,-N/
Soil  Treatment et (pS-ecm™) (gkg!) (mgkg™!) (g-kg") (mgkg") (mgkg™)
S1 CK 4.70+0.02a 621.83+£5.13a 15.16£0.91a  14.90+0.86ab 2.9240.08a 0.84+0.07b  208.83+0.65c¢
TS 4.75+0.02a 590.73+18.44ab  15.1+0.70a 15.24+0.14a 2.74+0.12ab 0.69+0.04b  225.38+2.12b
T10 4.75+0.01a 619.73£14.54a  15.43+0.57a  15.00+0.74ab 2.48+0.18b 0.66+0.01b  227.20+2.58ab
T25 4.74+0.03a 613.10+£7.65a 14.70+£0.10ab 16.63+0.85a 2.37+0.09b 1.18+0.14a  231.71+0.44a
S2 CK 7.13+0.04a 908.33+7.82a 14.75+0.02ab  33.43+0.96¢ 2.89+0.06b 1.98+0.09a  228.83+3.51b
TS 7.11+0.04ab 908.60+24.93a  15.76+0.58ab 38.10+0.76b 2.80+0.14b 2.39+0.2a 251.824+2.57a
T10 6.98+0.04b 892.07+6.28a 15.91+0.85a  39.79+0.91b 2.92+0.08ab 0.07+£0.03b  254.01+7.04a
T25 6.98+0.05b 891.33+8.44a 14.06+0.18b  43.10+0.77a 3.29+0.16a 0.43+£0.16b  262.32+4.25a
S3 CK 7.84+0.02b 1695.67+32.38ab  17.37+0.30b  22.87+0.27¢ 2.42+0.14a 0.4240.1b 209.57+2.02¢
TS 7.91+£0.01ab  1739.33+17.15ab  17.22+0.06b  24.48+0.74bc 2.36+0.12a 0.99+0.03a  243.65+1.47a
T10 7.92+0.04ab  1683.33+29.76b  17.31+0.25b  25.46+0.53ab 2.21+0.04a 0.49+0.15b  223.88+6.79b
T25 7.93+0.02a 1766.67+19.01a  19.17£0.92a  26.71+£0.37a 2.50+0.10a 0.64+0.00b  251.45+4.89a

. EC: SR, TC: £#; DOC: WHEMA K. FIAFR/NG Z8EKRF— AR RA B B %25 (P<0.05), TR,

Note: EC: Electric conductivity; TC: Total carbon; DOC: Dissolved organic carbon. Different lowercase letters in the same column indicate

significant differences between treatments of the same soil ( P <0.05) . The same below.
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Fig. 2 Potential nitrification (a-c) and denitrification ( d-f) rate under chlorothalonil addition
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