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Effect of microplastics on greenhouse gas emissions and microbial communities in

paddy soils
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Abstract: Microplastics have received increasing attention due to their extensive presence in soil environments and the
potential ecological risks. The presence of microplastics in soil can alter its physical and chemical properties, impacting the
soil microbial communities and the carbon biogeochemical processes it drives. Research in this area is still in its early
stages. Biodegradable plastics, as substitutes for traditional plastics, are increasingly being used in agricultural activities
and subsequently released into the soil. However, there is scarce research on the impact of biodegradable microplastics on

soil microbial characteristics. Based on this, this experiment took the paddy soils in the Sanjiang Plain of China as the
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research subjects. Two common types of microplastics were selected as experimental materials; conventional microplastic
polypropylene (PP) and biodegradable microplastic polylactic acid (PLA). A 41-day microcosm cultivation experiment was
conducted to analyze the differential effects of various concentrations and types of microplastics on soil dissolved organic
carbon (DOC) content, functional group characteristics, greenhouse gas emissions, and microbial community structure.
The results indicated that both PP and PLA had significant impacts on the soil physicochemical properties and microbial
communities. In general, the addition of microplastics resulted in an increased content of DOC in the soil, with PLA having
a more pronounced effect. Moreover, a significant positive correlation was observed between the increased DOC levels and
the amounts of microplastics added. the effect of microplastics on soil DOC was significantly positively correlated with the
amount added (P<0.05). Both PP and PLA influenced the molecular structure of DOC, weakening the degree of soil
aggregation and promoting the formation of high molecular weight DOC compounds. The addition of microplastics promoted
soil methane (CH,) emissions and effectively inhibited soil carbon dioxide ( CO,) emissions. Microplastics in the soil
significantly altered the abundance and diversity of soil bacterial and fungal communities. The results of the correlation
analysis indicated that the cumulative CO, emissions were significantly positively correlated with the structural features and
hydrophobicity of aromatic compounds ( P<0.05) , as well as with the phyla Proteobacteria and Actinobacteria. The results
indicated that the addition of microplastics altered soil DOC content and functional group characteristics as well as the
microbial environment, thereby influencing soil greenhouse gas emissions. This study can contribute to the current
understanding of the ecological risks of microplastics contamination to the soil ecosystems Additionally, it provides a

scientific framework for future research on the impact of microplastics on soil geochemistry and microbial characteristics.

Key Words: greenhouse gases; microplastics; dissolved organic carbon; soil microbial communities
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€O, 5 CH, BitHEili (CE, mg/kg) HHHEAX A (2) .
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o 2 . 1 FE4ETF+L#DOCEE

j:i%% SUVAZ54 - ﬂf& 3: K ( P<0.05 ) ’ B% {EE mﬁ Fi Tj—: Fig.1 Soil DOC content under different treatments

22.29%—30.0%Z[F], SUVA260 7 PLA Fl PP AMFRL +  poc, mpyebbArbLis:, RIR/NG 5288 407 4% 4 BIAE P<0.05 K2

P IR BEYE R4 5h 0.45—0.81L mg™' m™ A1 0.51—  SF&E; CK ALK +2;0.5%PLA 1% PLA Al 1.5%PLA
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SUVA260 i E R (P<0.05) , PP AP -3 SUVA260 & &t i E AR, FEIELE 20.3%—21.5% 2 18], 5 CK #
o, BT R A B ZH 13 A240/ A420 18 F MK (P<0.05) , FEIRTE 7.8%—23.1% 2 8], B 1.5%PP 4k, H
MR b B 18 A250/A365 PHET CK,(H2E %A B2 (P>0.05) .

*1 AELETHERKHEIINTRERNEE
Table 1 Uitraviolet visible absorbance value at different wavelengths under different treatments

AT LIS B Ultraviolet visible absorbance value

b E
Treatment SUVA254/ SUVA260/ A240/A420 A250/A365
(Lmg' m™) (Lmg'm™)

Xif B Control 0.69+0.10b 0.65+0.09¢ 13.53+0.78a 4.63+0.10a
0.5%PLA 0.45+0.11d 0.45+0.03d 11.25+1.15b 4.30+0.13b
1%PLA 0.70+0.12b 0.74+0.01b 12.22£0.50b 4.47£0.05b
1.5%PLA 0.83+0.08a 0.81+0.02a 12.15+0.99h 4.45+0.09b
0.5%PP 0.55+0.09¢ 0.51£0.04d 11.22+1.14b 4.49+0.12b
19%PP 0.62+0.10¢ 0.53+0.05d 11.46+0.97h 4.40£0.25b
1.5%PP 0.59+0.01c 0.54+0.02d 13.09+0.89b 4.73+0.16b

0.5%PLA \1%PLA F1 1.5%PLA . %81 0.5% 1%35%, 1.5% 51 350 R FLMR The soil added 0.5%, 1% or 1.5% mass fractions of polylactic acid;
0.5%PP 1%PP 1 1.5%PP 55l FAEIM 0.5% 1%5 1.5% 55 5 5 U ZE R The soil added 0.5%, 1% or 1.5% mass fractions of polypropylene;
DOC ; % fi# P45 WL Dissolved organic carbon; SUVA254 ; I I 16 254nm #4240 a] WL EE 5 DOC fY H AR The ratio of ultraviolet visible absorbance
with a wavelength of 254nm to DOC; SUVA260: # £ 7£ 260nm 148 #h 0] UL 5% 5 DOC 1 E{E The ratio of ultraviolet visible absorbance with a
wavelength of 254nm to DOC ; A240/ A420 ; P KA 240nm Y2241 A] BLIK S BE(E 5 9k K AE 420nm 1948 40 AT UL S B 5 (14 LB The ratio of ultraviolet
visible absorbance absorbance at 240nm to ultraviolet visible absorbance at 420nm; A250/A365 : 1 7E 250nm Y4848 A] WK S FEE 5 3 K AE 365nm 1)
48 HNT] DL G (8 A FUIE The ratio of ultraviolet visible absorbance absorbance at 250nm to ultraviolet visible absorbance at 365nm ; A ) /NE T4 KR
KALFRTE P<0.05 /K24 5% B 3

2.2 BRI I O, 5 CH,HE B R

JIr A A A + 5 CO, HE i H 5 Bt A 1] S S T i 5 B AR A B 35 (&1 2) o BRIk PLA B PP 2%t +
% CO, HEpl = L BRI, PLA F1 PP AbFRZL + 3% CO, HEMGE F 5 Fl 43514 1.52—7.52mg kg™ h™'
1.23—3.82mg kg™ h™', PLA il PP 4b¥i4H + 3 CO, BT HEA R 758 2596—4978mg/ kg 5 2385—2705mg/
kg, b5 1%PLA 4b B {k%: CK %,

1358 CH, HE i R B s ) B R 52 S T s Jo A AT s i i 3, S5 5 01 a], PLA Fn PP b 3H2H 1- 4% CH, HE
HCH RS> BITE 0.6—1.4mg kg™ h™' F10.38—0.82mg kg™ h™' Z[f], PP 5 PLA FRINAEWSAEHE CH, HEk, PLA &b
PRZ 3 CH, BT HEGEE 0.50—0.64mg/ kg Z [8] 5% CK #4911 31.6%—68.4% ., 1 PP ZbPE 13 CH, 114
i TE 0.94—1.07mg/ kg Z 0], & CK 1) 1.4—1.8 £,

2.3 THOBARLG L RUE YIRS (1 5
2.3.1  TEORLN A Y AR S

T IFERE S AN R K TR R, IR 7339 NN EERE > 25 B0 (0TUs ), Herp 4L [R] OTUs Ky
1257, i A BRI Coverage FEEIIR T 0.9 (35 2) , Ui BH AR Y 5 445 S 58 5 0 S AR A rp = R A= W e TS
5 CK AL, PLA Fl PP AbBRA] 40 AT 21 OTUs %0 &3 18 /i ( P<0.05) | 341643 3 K 5.6%—24.5% 5 17%—
24% ., PLA F1 PP AbBEAHTA Y Chaol $84K  Simpson $844F1 Shannon 840345 T CK, T840 3 57340 Hr 4
TR (K 3) Bk CK Ah, Hifth 6 NP 3 AFE - BIRE—il , R R,

AR AT 1062 A AR R oT, Hoh A8k 106, 5 CK AL, PP FI PLA Ab B4 4
HEEE YA R W E T (P<0.05) , BE0E 43 SIAE 45.3%—123.6% 1 23%—148.9% 2 [6], PLA il PP AZbFHZH
ELPH Chaol ¥8%X . Simpson 841 Shannon F8£0728 1k 52 1 S kL 58 & Wy 2R BRI 50 i R SR 52 ), 1338 EC PR
OTU MM Hras R @on (B 3) ,CK 5 PP AbIRPR B AT, T — 3 1E PLA A FRARIE
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®2 TEFUEY Alpha SRR
Table 2 Alpha diversity indexes of soil microorgansims

ZFEMEFEEL Diversity indexes

WA Qb3
Microbial Treatments OTUs %% Chaol F5%X Shannon $§ %% Simpson F8%X 0 R
OTUs Chaol Shannon Simpson Goods coverage

il CK 2978+13d 3451+21¢ 5.88+0.13d 0.004b 0.97

Bacteria 0.5%PLA 3202+34c 4115+32b 6.37+0.42b 0.006a 0.98
1%PLA 3709+23a 4841+64a 6.43 0.69a 0.006a 0.98
1.5%PLA 3146+11c 4274+84b 6.34+0.28b 0.006a 0.99
0.5%PP 3692+47a 4635+47a 6.35+0.87b 0.007a 0.99
1%PP 3566+22b 3649+56¢ 6.08+0.08¢ 0.007a 0.99
1.5%PP 3485+28b 4600+63a 6.33+0.02b 0.007a 0.99

HEF CK 331=15e 521+23d 3.26+0.09b 0.154b 0.99

Fungus 0.5%PLA 726+21b 771+42b 2.67+0.03¢ 0.314a 0.99
1%PLA 740+14b 797+11b 4.23+0.07a 0.041c 0.99
1.5%PLA 481+17d 507+12d 3.50+0.01b 0.121b 0.97
0.5%PP 824+16a 853+33a 4.16+0.08a 0.052¢ 0.99
1%PP 407+13d 435+19e 3.17+0.02b 0.121b 0.98
1.5%PP 666+17¢ 686+23¢ 4.18+0.04a 0.036¢ 0.99

OTUs : 34 /3ZE B T0 M8 Total number of operation classification units; Chaol ; Chaol FE %% Chaol index; Shannon ; Shannon 8 %% Shannon index;
Simpson ;: Simpson FaR Simpson index;%ﬁd‘%?ﬁﬂ?%ﬂ‘fﬂff P<0.05 KPR 0 E
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Fig.3 Principal Component Analysis of soil bacteria and fungi at operation classification unit level

OTU : ##1FE/r 85T

2.3.2 RN T IR W VR S AL 5 R

B 4 SR TR TRIANERAE 17K T 20 B R EC TR A AR 25, AETE BT ] ( Proteobacteria ) 78 45 4h B R 341 A 1
P AN RGN 17.69%—26.9% , HU &4 # 1 ] ( Actinobacteria ) FIERFT 18 ] ( Acidobacteria ) , FHXT - Ji
4351k 20.1%—25.7%F1 15.2%—30.2%, PLA F1 PP &b 28 JE 5 1] ( Proteobacteria ) AH X 42 B8 43 134 hn 1
26.3%—54.2% 55 29.7%—43.8% , LT | 1 ( Actinobacteria ) 43 W34 0 1.4%—26.4% 5 1.1%—6.3% ., 5 CK #H
e, %5 PLA A PP J5, - HERR AT B 1 ( Acidobacteria ) F1%% 25 5 ] ( Chloroflexi ) AH X 3= B ¥ i 3 A% (P <
0.05) . FEAEAS -t kG 0 1) oA B 1), 20 )R BE TR 1] ( Firmicutes ) | 77 %% 4 | ] ( Planctomycetota ) | fif§ £k B2 i€ 1 1]
( Nitrospirota) % , (HAHX F= FEHAR(<0.5%) -

THER ] ( Ascomycota ) TEA AL IR A R ALF] AN BEJL LN 15.6%—77.5% , H: PLA F1 PP AL 1Y
BB R 10%—26.2%F1 25%—62% , HR 24T 1] ( Basidiomycota ) 55 unclassified_k_Fungi , F X} 3= B 53
HA 3.2%—23.3% 5 8%—45% , PLA Fil PP I3 AN T F2E 5 1] ( Ascomycota) 5 4HF 1% [ ] ( Basidiomycota )
AR 2 B E I R 22 S A0 K, F 4 1R 1] ( Ascomycota ) 23134 1 10.09%—26.2% F1 25.0%—62.0% , T 8 F B
I3 1.0%—20.1% K1 12.2%—13.2% , HF @[] ( Basidiomycota ) 3 /il 1.0%—20.1% 5 12.2%—13.2% , %
1.5%PLA 4b, 25 BRI PEZH unclassified_k _fungi 3 B 34 I 32> (P<0.05) , #E7%% ] ( Mortierellomycota )
53511 ( Chytridiomycetes ) A% 2 EEYLH N 6.9%—66.1% 5 4%—6% ., 5 CK ML, PP Fl 19%—1.5%PLA 4b
PHZH WA 5511 ( Mortierellomycota ) F14 4 [ ] ( Chytridiomycota ) ¥ i 3 &A% ( P<0.05) . HAB BT, % 25417
(Rozellomycota) , WAEREAS 2 A6 2], (H AR XS =F BE AR ( <0.5% ) .

2.4 R ESIRHE  PTEEA BLAR S A YR I AE DG b

%3 R, H3E co, BiHICR 5 SUVA254 SUVA260 [a] 15 i IE A 6K £ (P<0.05) , +3 CH, 2t
HEC RS 118 DOC F55 FIAS [A] S8 A O BE B 2 8] TG i A G R R (P>0.05) , B ITH U T 4> 32 A
Sr(ES) , HHEE LA S ANE B 7 228 B 41 R 80.5% 5 71.4% , 25368, DOC AN ] 48 A '
{HAESE — F A B34 IE 3k far ; SUVA254 SUVA260  ZFJE 1 ] ( Proteobacteria ) 2 2k 7 ] ( Actinobacteria ) 5
CO, ZitHE = 5 IEA G ; H A H unclassified_k_fungi 5 CO, 2 HERCE 2 1EAHX,

AP FTEs 220, T3 CO, Bt 5 SUVA254 SUVA260 A2 14 1] ( Proteobacteria ) M it 2k #i1]
(Actinobacteria) F IEAHC, 1M £ 3 CH, BTk & 5 £ 3 DOC & 8RR [R] 48 S B {8 2 18] 6 2 35 40 ¢
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Fig.4 Community abundance of soil bacteria and fungi at phylum level
#3 BESERITHIRESLMRLERXE
Table 3 Correlation between cumulative emissions greenhouse gas and ultraviolet visible absorbance
e A A B £8hha] I G EE (B Ultraviolet visible absorbance value
i 52
Dissolved organic SUVA254/ SUVA260/
Greenhouse gas carbon -1 I A250/A365 A240/A420
(Lmg™' ' m™) (Lmg™'m™")
Z& Ak CO, 0.49 0.89" 0.89* 0.11 0.49
H 4 CH, 0.64 0.67 0.68 0.10 0.35

CO, ; S ALHk Carbon dioxide; CH, : /& Methane ; DOC ; PTG HLIK 5 + A B3 HH M (P<0.05)

Wi

AR EL, BOIK PP A1 PLA SIAEGSREMAR I -£5E DOC 2, HL PLA %5 DOC (042 THR 5 T PP
(B L) Mgl A A BORY  PLA 175 5 76 R B IR 7 R SR 9 O3 T Ak ™ . 2 M
BF KA T2t PLA BUBRAE, JET 724 T/ 4 T-IE560 , Bt DOC & BEBIN ™ . T Ef OBEI
HE DOC A BN AR S A5 THIESE BN, 76 25°C B A PR T, 19 B REAMHCHY PLA. 008

RHASINBENS ff 28 + A8 £ 7 A DOC & &4l i 16.029% 11 24.14% % B0 5—10%
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Fig.5 Principal Component Analysis of soil organic fractions and bacteria and fungi at the phylum level
Pro: ZSIE BT T s Act: R 1] ; Bac AT R ] 5 Fir . JEBERR T Aci . FRFF TR 1T ; Chl S 5 BA 1] 5 Asc: T2 5 1) ; Bas: H FHE [ 1 unc: R IT;
Mor : YAIEE T ] ; Chy : T[]

T M- XK B RRER (PBAT) S RHGE , i G 4140 DOC i i B THR DY . 5 PLA MR, PP 451648
ORI I P LR, R, PP OB 3 DOC A3 THE I W] RE 2 Fh HAB LRI IR Bh i . A W5
K, PP RN (PE) RIELIG (PS) LG MR A 185 |, 250078 + IR L MR I 25 40 AR 16 v, 208 1T
SR - HEA HUTHFE A DOC B, SR, AL Ge R 38 DOC 152 R 52 - SR ot B 028 Joi ) X 3
Wi, G5B M AN G —, BN, A HFIEEE H,0.109%—18.04% 55 43 B AR 25 B 58 245 (LDPE ) %8 in £33 hn 3¢ 1 £
5 DOC A=Y MM AFIR R, DA S5 (28%) i PP B R N 158 DOC & &, Ik &
(7% ) W R+ DOC FE L B E MY 3 DOC A E 2%, A I B RERSERM, H
TR TE S IR PR ACE VIR OC,, AR RV, 19%—1.5% it 70400 PLA 2338 /i -3 DOC 1Y
SUVA254 {1 SUVA260 {H (£ 1) , BEHIE W EE R PLA IRANBEMS AL HESS B i Mgk v DOC AL &Il
1M PP A 75 & s K DOC (LG4 . teAh % PLA 5¢ PP J5 , 13 DOC 1) A240/A420
{ELRT A250/A365 {E34 5 S REAIK (32 1) , U PGB RL 2 1) 55 1 8 19 P AL R B TR 2 K 4371 DOC LA
AR 25 ERTRLE B, PP ORI PLA BRS04 DOC 434544

FETRAN PLA F1 PP SO0BRHS A5 1 4 CH, A CO, B HERE & 4= T 284k, B4R E  PLA Fil PP ORI
TN T 45 Co,MHER (I’ 2) , FE 4, CO, BFHER I ZERIE T 1P, U HUE e O A
Y PRI S A T R B PR TR R CO, P AR FVHERGT A S . FEASE I v, A KRy
100% , H1 G IE B8 IR SR R 5 Al 2 400 o 4200k = W ) 0 s, IATTRRATR. €O, 7= A= AR, B F9E & B0, 100 K 8%
FRLEGAE R G IR 0% (LDPE) i JC 352484k, 1T v] M i R PBAT (1% 5 i B 35 T B, ELER I el
PBAT FJALERZH 0k T CO, BTHERE D, IRk, v [ gt Sl S A0 X6 1 22 SR HE T 52 138 SR R 1 e AR
BB AR L RE , EARIR LR P, 3 CO, BiTHERUE 5 SUVA254 [ SUVA260 {5 i IEAKEKE R (F£3) , X
YL CO, IR 5 DOC 5 P i35 B AL & W) & i SHK M4 S A 60, OBk e A 35, 13
A PTG E Y4, B KA €O, , BB R A B A WL P ) DOC 2w ™) | 55 7 e 45 44
Wapfiz KA, FE 3R CH, B2 7 e 40 T e PR AR EE T = AR Y AR R B, 5 COo, M,
PLA i, PP B RIxT CH, HERCA Db (B 2) o A R A s b A s i n Ao Rm, i
SRRHRERZ T 145 CH, AYHERGEE B B ER T X T REIE T okl R 3 PR RS TR, S 80 H e
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P FRGE AT (8 ARV = JBE R 1 R A AR

T A T Y 2 B - R RR BT AR Al ) B AR W) AR AR W) AR 2N R G 0 W) B PR B B A4 AR AL O T
RECE BXEEAMEH . EARDIP, In AR PLA B8 PP 5 4 398 41 B B 78 S 45 4 & E i 5 A5 b
(Pl 4) 33 AT RE R T Ak 3 3ok i3 2 - S 0 A i i sl e 0 R 1 7 X 200 R L A v 7 A i S R
B, AT &I, PE OB RRA AT LASE RS H 148 pH (A DLk B3R & 5, 53 R WG 2Rk
B RBP4 R BRI T R TS COo, B R IEM KR (B S) . XREERTHA
WHFE R B AR 5, 1 pH RS i R BEFR A B I R AR W Al T S R P B L o R
FEFF BT 1 ( Proteobacteria ) 775 AR 1 1] ( Actinobacteria) ', Shi ZEAF53th & L PLA S8R E A + 35 i
2R ] ( Actinobacteria) 3= BEA T4 &, FFHEDJE H T HCZE 1A ( Actinobacteria ) H1 ) S AR BLA 3 b 5 LK i ik
Bfif PLA SRR RENE 5112 . BURFSE K3, 100 K85 35 5L 0 45 U5 + 58 R 0 (LDPE ) Jit & G 2 % 4%
b, AT AR RO PBAT B BTt 2 T [, LS NGO R PBAT (AR BRAH W42 1 Co, Bt
W, T A AR R o R 2 S HE T 8 5 M3 0 R R A B A R A A2 LD, 9 DG TR X 1
T % S5 F 52 00 (R 9 I A 4 I ELAGE 235 2R 25 SR AE A IO Z TR AE AR 22 5, iR it — AR ST LA T L
TEVEFIPLEE,

4 @

(1)PLA 1 PP Ab34 + 38 DOC 5 2 2 AR Bt S S A8 I 351 2t 4 184 I i - 15

(2)PP B¢ PLA FIMIREAEHE CH,HERL , M 19%PLA &b, HA R R FE + 3 CO, HEMU R 8 CK A ;

(3)Ushn PP 5 PLA b3 rh 4 SRR W) Z2 Rk B EVR S5 10 (1) A8 1032 -G W 2 AR in ) s A BCE AR

(4) 3 CO, RiTHEE S SUVA254 SUVA260  ZEJE 1 [ ( Proteobacteria ) S i ZE 7 ] ( Actinobacteria ) 2
TEAHSCOCR
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