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Abstract: [Objective] Microplastic (MP), with its small size and low degradability, is recognized as a potential persistent
organic pollutant in terrestrial ecosystems. MP enters terrestrial ecosystems and affects the soil nitrogen cycling process by
changing the soil’s physical, chemical, and biological properties. These changes affect soil N2O emission. Despite having
gained global attention, the key factors and mechanism of MP influence on soil N2O remain unclear. Therefore, this study
aimed to investigate the effects of MP size and concentrations on N2O emission from agricultural soils at different
temperatures and thus explore their potential mechanism. [Method] Agricultural soils were collected from plots in South
China for indoor culture experiments, and five different treatment sets were selected under three temperature gradients (10 C,
20 C and 30 ‘C): (1) no microplastics (CK); (2) addition of microplastics with a mass concentration of 0.1% and a particle
size of 74 um (Nlp-0.1%); (3) addition of microplastics with a mass concentration of 0.5% and a particle size of 74 um (Nlp-
0.5%); (4) addition of microplastics with a mass concentration of 0.1% and a particle size of 25 um (Nsp-0.1%); and (5)
addition of microplastic with 0.5% mass concentration and a particle size of 25 um (Nsp-0.5%). Afterward, soil N20O
concentration as well as inorganic nitrogen and microbial functional genes were determined. [Result] Elevated temperature
significantly increased soil N2O emissions from agricultural soils (P < 0.001), and the cumulative soil N2O emissions at 30 C
were 43.3 and 6.3 times higher than those at 10 'C and 20 ‘C, respectively. In addition, soil NO;-N content gradually
increased with increasing temperature. The abundance of AOB amoA, Comammox (com2), nirS, nirK, and nosZ functional
genes was the highest at 20°C and lowest at 30°C. The effects of MP of different sizes on soil N2O emissions and related
nitrogen cycle functional genes varied widely. Compared with the CK treatment, the Nlp treatment significantly increased
soil N2O emission by 37.5% and 838.7% at 10 ‘C and 20 ‘C (P<C0.001). The Nsp treatment significantly decreased the
abundance of com2 and nirK functional genes but significantly increased the abundance of nirS functional genes in soil (P<<
0.001). The correlation and random forest analyses showed that soil N2O emission was significantly and positively correlated
with temperature and the concentration of NO;-N, but significantly and negatively correlated with the abundance of AOA
amoA, nirK, nirS, and nosZ functional genes (P<<0.05). Furthermore, it was observed that the noszZ functional genes and
temperature were the main factors affecting soil N2O emission. [Conclusion] Elevated temperatures significantly increased
N20 emissions from agricultural soils, and different particle sizes and concentrations of MPs had different effects on soil N2O
emissions, and there was an interaction effect between microplastics and temperature. The results of this study can provide a
scientific basis for investigating the mechanism of MP on N20 emissions from agricultural soils under global warming
conditions and for risk assessment.
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A8 FHARRT A T 5 SR B A T . RIERIWIAEPE N pH 5.35, HIEAHLEK 0.339 g kg,
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YRR (Nsp-0.5%), FAFEME =/ EE.
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50 mL 2 mol L AL PRI B, RV NH; & 8 R FISER i L (k€ , NO;-N & & F1 NO;-N
TERMHEINOCEEENE .. BEEBESE (L8RS 29,
1.3.3 HIEMU/EY S DNA SR %18 Fast DNA SPIN Kit for Soil (MP Biomedicals, 3% ) iR & 1 /F
Ft, WA LA TR DNA. @it gPCR 24 B AR A2 R F A, {EH TagMan R4ixT %
TR 5t s2i 469 (BioRad, Laboratories Inc., Hercules, CA, ). & PCR Y1 Mk %y 20.0
ul, f45: 2XgPCR mix 10.0 pL, DNA#HR 1.5 pL, LRSI 0.4 ub, KEXGEK 7.7 pl.
ARG MRS 51 4> BN Arch-amoA-26F/Arch-amoA-417R(AOA) . 1F/2R(AOB) .
nirkK876C/nirk1040(nirK). cd3af/R3cd(nirS). nosZ2F/nosZ2R (nosZ)} COM-F2/COM-R2 (com2).
IR I8 VW B A B PET RE, SR A K TR X 28 K ARE DNA R A i SEARAR o
14 HUBLES

ffi i} EXCEL 2019 #HTH#E %2, (HH SPSS 21.0 HHATHRN R T Z o2 R R T 200, B#EK
4 0=0.05. K] Origin 2021 347 B2, R4 Origin #1f#% “Correlation Plot” fif£x i
KB,  “Principal Component Analysis” #f £ £ il 3= i 4> 73 #t (PCoA) K. H R 423 1)
“randomForest” ELIEATBENLARAR M1 BEALARAR 2347 RIUH SRR AR (ORGP B B0, JRTERRAR (500 ERFD
FHCFE. AR IRZE (MSE) B0 4 B T4 710 26 000 AR 2 i B 224, MSE i R 7l
AR E B BT AR TE T AT REAT B AT RIS AT R, BT A I8 B Y O P M £ Ak =
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W 1 R, AFRNREEFMET, FEFRHE N.O RRHIEVEH )y 70.3~3 046.3 mg kg, FrA M2
BLALFE 43 NoO HEBCR A B I T+ R B & 1 (P<<0.001). 5 10°C4HEAHEL, BT 30°C,
45 NoO RFAHEKERG N T 42.3 £, HARRERAREPER TR 18 h 2 )5, WAk, iR SHIBRAAER
N, (EAFREEFRRE T S MR EE R 11 NO HEAFEREESR (P<0.00D). 5 CK A4:¥EAH
b, KRSTE R INFEAGIE (10°CH1 20°C) F RN T 13 N.O HijsE. HH7E 10°CF, Nlp-
0.1%4bEEAT NIp-0.5%4bEE 1) NoO HEEA L CK 8 T 29.9%F1 45.2%, 1 /N SF kR In e
0.1%K FEALFE (Nsp-0.1%) ALtk CK BEHFHEK T 45.9% (P<<0.05). £ 20°C N K/ SF BRI E
BERW T I3 N0 HilE . BARI S, 20CF NIp-0.1%4 3 AT NIp-0.5%4F 1) N,O HEisEH L CK
SRR T 8.5 5 8.3 %, M/NSFRERL (Nsp) AbFEYS CK AHEHIN E LR E ZR. Ak,
7 30°C N & MR R AL BER) NLO HE B LR E E R
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4L T Treament

W CK—ANEINAERL; Nlp-0.1% IR &R E N 0.1%. Fifeh 74 um MIBEEL Nlp-0.5%—#In i &K E N 0.5%.
KAEA 74 pm FRCEEEL Nsp-0.1%— I BN 0.1%. RifeHy 25 um TR Nsp-0.5%—WR s &K A 0.5%. KiftA
25 pum FIREEEL. 7 A EASRIR S SRR A — TR AR BEAN [ BE 2 T 22 57 (P<0.05), ARG FERHMUR IR — I N A
[FEIBR b B 2 (B B 2 R (P<0.05). *, **FI***4 L& 0.05. 0.01 Al 0.001 /KPR, ns. RELBFERR. WERF
b, T MP 2RI BRSO SE,  MPT 2on R 552 HAOH, R 1A, Note: CK—no microplastics; Nlp-
0.1%—addition of microplastics with a mass concentration of 0.1% and a particle size of 74 pum; NIp-0.5%—added microplastics with a
mass concentration of 0.5% and a particle size of 74 um; Nsp-0.1%—addition of microplastics with a mass concentration of 0.1%,
microplastic with 25 pm particle size; Nsp-0.5%—addition of microplastic with 0.5% mass concentration and 25 um particle size. Different
capital letters on the square columns represent significant differences between different temperatures for the same microplastic treatment
(P<0.05), and different lowercase letters represent significant differences between different microplastic treatments at the same temperature
(P<0.05). *, **, and *** represent significant effects at 0.05, 0.01, and 0.001 levels, respectively, and n.s. represents no significant effect. In
the two-way factor analysis, T and MP denote the temperature effect and microplastic effect, respectively, and MPT denotes the interaction
effect of microplastic and temperature. The same as below.

P 1A R BE 261 B SRR BE N0 R A HE I
Fig. 1 Cumulative N,O emissions under different temperatures for different microplastics (MP) treatments

2.2 AEIRE TRERNXT IR A S NN

RIEAE]), +3% NO,-N & &N 8.8~15.4 mg kgl, +3E NH;-N &&JEH % 13.0~85.8 mg kg?,
ifi 48 NO;-N & sEAxt i m, HiGHA 344.5~592.1 mg kgt (£ L. HEREKLET NO;-N & A
NH;-N & (P<<0.001), 1% NO,-N & &AL FFREN T SZHEm, CK &, Nlp-0.1%4b ¥ F1
Nsp-0.5%A4b 3 (1) +- 3% NH; -N & Bl 45 55 771 Z 1 TH s 328 FEAIK, 10 NIp-0.5%4L FEAT Nsp-0.1%40 P ) 4
2 NH; -N & B8RS 5 780 B 1 T e i g n . 78 30°C R4 NO;-N & &4l 10°CHl 20C F
(¥ 1.3 f540 1.1 £%. OB I T 13 NO,-N. NO,-N I NH;-N & & (P<<0.001). 5 CK 4b¥EAHLL,
NIp-0.5%4bEEF1 Nsp-0.5%4b B (1) NO;-N & & &% [#1K T 19.8%F1 21.7%, Nsp-0.1%4b3 A1 Nsp-0.5%/4k
PR NH; -N &8 B EFK T 45.1%F1 43.7%, NIp-0.1%A4F (f) NO,-N &8 2 EHE 5 T 33.1%. I4h, i
FESHIBEIAT NO;-N & & NH; -N S EIFERENZEIEM (P<0.001). £ 20°CHl 30°CH}, Nsp-
0.19%4b ) NO;-N & & BFHLT CK ALHE, 7EMCIE (10°C) ~, TIBRHWR IS 2 2 K 13% NH; -N
BB, MAESRL (30°C) F R AL LA 3% NH;-N & 250 (Nsp-0.5%4bERERAM) .
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Table 1 Soil mineral N content under different temperature conditions for different MP treatments

e THAE NO;-N(mg kgD WAHAZ NO,-N /(mg kgD B NH;-N /(mg kgD

Treatments

10°C 207C 30T 10T 20°7C 30°C 10T 207C 30T

CK 433.4453.7Ba 500.1435.1ABa 571.5#13.1Aa 12.930.4Aab 8.8+.7Bc 11.3#0.6Aa 85.8#1.0Aa 52.640.8Ba 48.443.8Bb
NIp-0.1% 361.9#11.0Cb  529.846.6Ba 592.1+7.1Aa 13.9#1.9Aa 154+1.9Aa 14.4433Aa 68.0+1.3 Ab 52.1+1.3Bab 50.0+1.8Bb
NIp-0.5% 344.54#43.9Bb  400.74#20.5Bc 460.6 +17.5Ac 9.2#1.9Ac  9.84#2.2Abc  9.6#4.4Aa 53.0#2.9 Bc 47.3+.3Cab 69.9+2.1Aa
Nsp-0.1% 399.6220.9Bab  459.849.1Ab  489.5#12.6Ab 8.3#.0Bc 10.2#0.7ABbc 11.7#2.2Aa 17.5#0.2Be 13.0#0.6Cc 72.0#2.4Aa

Nsp-0.5% 366.3#7.2Bb  364.14#2.5Bd  448.530.8Ac 10.6+.7Abc 12.1+.0Ab 11.9#.7Aa 454454 Ad 42.9+10.9Ab 16.930.8Bc

M P *kk KKk *kk
T *kk n.s. *kk
MP<T o ns. S

e ARIRFBHRF — BB B RR 2 B R 3E 22 5 (P<0.05), AF/NG MR F — IR EE R A R Rt
2 8] 5. P % 5% (P<0.05). Note: Different large letters represent significant differences between different temperatures for the
same microplastic treatment (P<0.05), and different lowercase letters represent significant differences between different microplastic
treatments at the same temperature (P<0.05).
2.3 AT ELRE TR TIRFEIFEX I EEEEFE RS0
I 2R SRR nirS SN IR BRI AR ST RERE I E . ()& 2). AOA amoA. AOB amoA. nirS.
nirk. nosZ A1 Comammox (com2) LhfeR:HAFE 20°CI F= e m, 30°CHfFREARAK, R AL
TR A IR AR VS [ N A s U, 7R 20°C RGP . HHSSME M TR IR S AOA
amoA. nirK #l nosz TyReHE K F= FEAAAE A OCOC R (B 3D NIRRT nirk. nirS F1 com2 Djgdk K=+
JEAFAE R (P<0.001), HEZLRBOERIAFKAREZRER. 5 CKAHEL, nirk DyRgsk A AR
Nsp Zb3 T &3 FEAIK, nirS DhREEE R B TE Nsp b3 F & TFm, com2 ThagHE R F FEAE Nip AT Nsp Ab#
TR EREC. A, RESMEEREESL EAE (P<<0.001), AN[FIEREZ AT 246 A 5 D g & ]
FIEAIERE R 1E 20°CHI 30°CHY, ¥R MP ALEEf) AOA amoA TRERE N 4= /& 3 - CK ALHE, 1
nosZ L REHE K 4= B AE 30°C I 22 M. T 73 Hr PCoAL Al PCoA2 [ TTHR A 73 il 4 47.1%7F11 34.5%,
KMTTIRAN 81.6% (& 4). FEAFIREET, AFEKEENRLAR 1R RRAS I 138 BAE A < D e 3 (K]
FREATHE X IR BENLARM At — 2D E 1 LIREAEI DR R IR N0 HE e sz (& 5),
AT SRR Y] nosZ DREFE M 3 N.O HEM EE K, HITriRzE (MSE) WM nks 1
16.86%, HUCZIE, H MSE 380y 15.44%. NO;-N. AOA amoA IjRER:[A . nirkK K. AOB amoA
FE[RL nirS DyREHEL A ) MSE 35 073518 8.51%. 8.06%. 7.73%. 7.64%7F1 6.12%.
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Fig. 2 Abundance of N cycling functional genes under different temperature conditions for different Mp treatments
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Fig. 3 Correlation analysis between N,O rate and related parameters
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Table 2 Correlation analysis of N,O rate and various factors under different temperature conditions
HE AOA AOB

Temperature  amoA amoA nirk nirs nosZ com?2 NO;-N  NO;-N  NH;-N
E] ﬁ;fl -0.640** -0.229 -0.420**  -0.307* -0.715**  -0.140 0.647** 0.212 0.099
10 °C -0.068 0.231 0.525* -0.684** -0.290 0.684**  -0.563* 0.260 0.530*
20 °C -0.003 0.149 0.330 -0.431 0.248 -0.286 0.037 0.462 0.290
30°C -0.189 0.154 0.445 -0.219 0.167 0.398 0.373 0.420 0.183
4 45 i

TEETE e R0 T S 8 NoO HElE:, 4@ 7 3% NO,-N % &. AOB amoA. com2. nirS,
nirk fl nosZ MhfgFE N FFELE 20°CHes, 30°CHAK. ASFRIAMEENA I £ 3 NoO HECE AIAH < &G
INThRESE R A 22 S Ko SRR ISt 138 NLO (R B E R mT, {H2& Nip &hHEZE 10 C
120 CHHgisE 3 NoO HEBCR R E N T 37.5%. 838.7%, FHIZEANFIE R k%t NLO HE
WAEAEZE 5. BEAh, Nsp AbFH L ZE AL com2 Al nirk ThASHEF F R, WIS nirS DIREIERIERE . 72
SRR INE DL, 138 NLO HEC S A1 NO; -N & BEAZAE R IEM SR, 5 AOA amoA. nirK. nirS
Al nosZ ThfieFE N FEAAERZE MK AR (P<0.05), H nosZ IhfEdE AR /& ml 35 NoO HERUT
FEFHZE. W74 R R IR IR 1 98 50 R AT TRz S W I 5 SR AR B A7 AR I RN, SR S
AIAT A e P AR AR I R G FE Uk 22 A BRI IR 26 A B R R PR R I B B 284
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