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SHI Mengxuan, LI Haochen, ZHOU Pengyu, WAN Quan, CHEN Zonghai, LI Yige, LU Ying, LI Bo'
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

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 N,O emission. Despite having gained global
attention, the key factors and mechanism of MP influence on soil N,O remain unclear. Therefore, this study aimed to investigate
the effects of MP size and concentrations on N,O emission from agricultural soils at different temperatures and thus explore their
potential mechanisms. [ 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 microplastics with 0.5% mass concentration
and a particle size of 25 um (Nsp-0.5%). Afterward, soil N,O concentration as well as inorganic nitrogen and microbial
functional genes were determined. [ Result ] Elevated temperature significantly increased soil N,O emissions from agricultural
soils (P < 0.001), and the cumulative soil N,O 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(com?2), 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 N,O emissions and related nitrogen cycle functional genes varied widely. Compared with the CK treatment,
the Nlp treatment significantly increased soil N,O emission by 37.5% and 838.7% at 10 °C and 20 °C(P<<0.001) . The Nsp
treatment significantly decreased the abundance of com?2 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 N,O 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 nosZ functional genes and temperature were the main factors affecting soil N,O emission. [ Conclusion ] Elevated
temperatures significantly increased N,O emissions from agricultural soils, and different particle sizes and concentrations of MPs
had different effects on soil N,O 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 N,O emissions from agricultural soils under
global warming conditions and for risk assessment.

Key words: Microplastic; N,O; Temperature; South China; Agricultural soil
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CK Nlp-0.1% Nlp-0.5% Nsp-0.1% Nsp-0.5%
JbFR Treament

T CK—AREMMIEEE; Nip-0.1%—Z M FREHEH 0.1%. Kl 74 um BHOERE; Nip-0.5%— R E R 0.5%. kitt
9 74 pm ARLEERL; Nsp-01%—ER BRI E R 0.1% . Bl R 25 pm BB RE; Nsp-0.5%— IR ME B E N 0.5% . Kife N 25 um
MR R, 7R EARIR S TR R — OB R b BIUR R R Z A E P22 5 (P<0.05), AIE/NG TR R F — IR T A R Rk
AbFH 2 ) 5 M2 5 (P<0.05 ). * .+ * 435140 0.05. 0.01 F1 0.001 KFRLN 53, ns. [URILBEXES . WENEMrP, T |
MP 435 26 7 i B 3T A BN, , MPxT Rl bt SRR BEAEH, T, Note: CK—no microplastics; Nlp-0.1%—addition of
microplastics with a mass concentration of 0.1% and a particle size of 74 um; Nlp-0.5%—added microplastics with a mass concentration of
0.5% and a particle size of 74 pm; 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 MPxT denotes the interaction effect of

microplastic and temperature. The same as below.

BT ARRELE A 1F T 2 R B N,O SRR

Fig. 1 Cumulative N,O emissions under different temperatures for different microplastics ( MP ) treatments
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0.001 ), 5 CK AbHEAH HE , NIp-0.5%4b # AT Nsp-0.5%
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x1 FREEEFHTEHMENLENLIRLIASE

Table 1 Soil mineral N content under different temperature conditions for different MP treatments

Ab ¥ A% NO;-N (mgkg™!)

WAEZAS A NO,-N / (mgkg™)

A NH;-N/ (mgkg ™)

Treatments 10 C 20 C 30 C 10 C

20 C 30 C 10 C 20 C 30 C

CK 433.4+£53.7Ba  500.1+35.1ABa 571.5+13.1Aa 12.9+0.4Aab 8.8+1.7Bc

NIp-0.1% 361.9+11.0Cb 529.8+6.6Ba
NIp-0.5% 344.5+43.9Bb  400.7+£20.5Bc  460.6 £17.5Ac

Nsp-0.1% 399.6+20.9Bab 459.8+9.1Ab 489.5+12.6Ab

Nsp-0.5% 366.3£7.2Bb 364.1+2.5Bd
MP EEES
T Hokok
MPxT ol

592.1£17.1Aa 13.9+1.9Aa 15.4+1.9Aa
9.2+1.9Ac
8.3+1.0Bc

448.5+0.8Ac  10.6+1.7Abc 12.1+1.0Ab

11.3+0.6Aa 85.8+1.0Aa 52.6+0.8Ba  48.4+3.8Bb
14.4+£3.3A268.0+1.3 Ab 52.1+1.3Bab 50.0+1.8Bb
9.842.2Abc  9.6+4.4Aa 53.0+2.9 Bc 47.3£1.3Cab 69.9+2.1Aa
10.2+0.7ABbc 11.7+2.2Aa 17.5+0.2 Be 13.0+0.6Cc  72.0+2.4Aa

11.9+1.7Aa45.4+5.4 Ad 42.9+10.9Ab 16.9+0.8Bc

kokk kkk
n.s. Kok k
n.s. kokk

T AR RAER R — O AL PR )R 2 R B E P22 57 (P<0.05), RNIF/NG FRHMUR R —IELE T A R O AL 31 2 1]

B3 PE22 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) .

A DR A I T AR A TR P A R e Y U, A
20°CFIE W e o AHSRHE M HT R, RS AOA
amoA . nirK Fl nosZ TREFR K F E AL TA LK R
(A 3), BN IERLNT nirk . nirS # com2 Thig LA
FREAEAE B EFW (P<0.001), HEEEMBER
[FPRLAR ) 25 S k. 5 CK AL, nirK DHAEFEH
BEFE Nsp Kb BT & 35 FRAIK , nirS T EFE R F £ 7E Nsp
SRR TR, com2 YRR BEAE Nip Fl Nsp
Qb FER A B BRI BLAh, IR S ORI ERC
YER (P<0.001), S[R3 B A0 BT 2006 $1AH X T fig
HHEFEEAEREESR . £ 20°CH 30°CHF, #m
MP LbBEE) AOA amod IfigkHEE B E R T CK
AER, T nosZ TNHEIEH FETE 30°CHT B EFRL

F RS 5T PCoA 1 Fil PCoA2 Y BTk R4 0 47.1%
il 34.5%, BRTTHECE R 81.6% (Kl 4). 7EAFIGR
JET, TR B FURLAR 6 S RS Xt + 18 00 26
AHOC T RESE PR 2 B o] B 8 X 43 1ok o Bl HLAR RS T
HE— 2D T SRR R D B R X NLO HEU 5
MR (& 5), S8 RERY nosZ DIfg &5
M 1438 NLO HERCWY EZEHZE, HIJrik2E (MSE)
FIXEINEE] T 16.86%, YR, H MSE 4
Ak 15.44%, NO;-N. AOA amod NERM . nirk
FE[H . AOB amod FEK | nirS TIHEREA ) MSE 11y 1
o5k 8.51% ., 8.06%. 7.73%. 7.64%F1 6.12%.

3.1 ARIBEI L N0 HEE

ARG FE, TR T BN T 3% N,O HE
i (1, P<0.001), X518 ZA MRS TR
RO FE ARG LR, N,O
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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. 4 Principal componentanalysis ( PCoA ) of MP treatments on the abundance of N cycling functional genes under different temperatures ( a.
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Table 2 Correlation analysis of N,O rate and various factors under different temperature conditions
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