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Effects of different types of plastic film mulching on soil microbial
diversity in farmland of Lhasa City

LUO Sicen, ZHANG Junze, WANG Yanying, YIN Yebing, LI Yu, ZHAO Wenxiang, YANG Zuopeng,
ZHENG Shirui, LIU Yixuan"

Key Laboratory of Biodiversity and Environment on the Qinghai-Xizang Plateau, Ministry of Education, Xizang
University, Lhasa, Xizang, China

Abstract: [Objective] With the widespread use and promotion of plastic film mulching on the
Qinghai-Xizang Plateau, a series of issues caused by its application have also emerged. Given the
fragile eco-environment of the plateau, it is necessary to investigate the effects of different types of
plastic film mulching on the soil microbial community structures in farmland ecosystems.
[Methods] Three treatments—pre-planting soil (ZQ), soil covered with conventional polyethylene
mulch (CMPs), and soil covered with biodegradable mulch (BMPs) —were established. Soil
physicochemical properties were measured, and high-throughput sequencing of the 16S rRNA gene
and ITS region was employed to analyze microbial diversity, community structure, and their
associations with environmental factors, on the basis of which the impacts of mulch types on soil
microorganisms were evaluated. [Results] Differences in soil physicochemical factors were
observed among different treatments (P<0.05). There were no significant differences in alpha
diversity indices for both bacteria and fungi among the treatments, indicating that short-term plastic
film mulching did not significantly alter the richness and diversity of microbial communities. The
dominant bacterial phyla were Pseudomonadota, Actinomycetota, Acidobacteriota, and
Chloroflexota, with most dominant genera being unclassified. The dominant fungal phyla were
Ascomycota, Basidiomycota, Mortierellomycota, with dominant genera including Mortierella and
Solicoccozyma. Network analysis revealed that the main drivers of bacterial and fungal community
structures were pH and microplastic (MP) content, respectively. This result reflected functional
differences of fungi and bacteria. Fungi, as primary decomposers, were more sensitive to MP
pollution, whereas bacterial community structure was more closely related to soil pH. Functional
prediction showed that, in bacteria, only the metabolism pathway within the KEGG level 1 showed
a positive correlation with the mulching treatment, and no significant differences in COG functions
were observed between treatments. In fungi, saprotrophic functions predominated, and their
relative abundance changed significantly among treatments. [Conclusion] Short-term plastic
mulching does not significantly affect microbial alpha diversity, but alters the community structure.
Compared with conventional PE mulch, biodegradable mulch shows greater potential in enhancing
soil nitrogen and organic carbon pools. However, it leads to more severe short-term MP
accumulation, accompanied by the risk of pathogenic fungal enrichment. Therefore, its long-term
ecological effects require further assessment.

Keywords: plastic film mulch; high-throughput sequencing; soil microorganisms; soil microbial
community diversity; soil physicochemical properties

http://journals.im.ac.cn/actamicrocn



2228

LUO Sicen et al. | Acta Microbiologica Sinica, 2026, 66(5)

A FH PR T (B AR A M) F2 B Al A 7
rh A G b S L B ES A EA e FH EE, DREG
HA W2 0 - e A, FER E A A 7
BRNZ R, #E 2020 4, FREA R
BB IA 239 J7 ¢, FRIE TR Y 1 X A FH 7
e ) A R R RS Sy A P YRR
B R AR 2 —, HA e R D Ry
3K I Y A AR A
K ) A KO it Sl HE A AR A A
Ao PR R B EIRR T R B, MR
FAEH AR, (0 FH b R A BE 35 48 Jin 7 R
VATIR Y8 G e = St QN 4 LI L 1157 =
VERIRIAR B 7 4T 500-1 000 m.,

b R B 24 5 A1 [ i3 R BIOK 1 B B B A T
+HE, Gk R EERBIN . IR RRSE— R
G, B AR M A 7 R T RSk Al B R T L [
A, B3 M R i 2 7 AR K TP B (microplastics,
MPs) ks, JERGHT 05 G2, X AR S = A
TR YL B A R R R R B R A A
s B, TR sh i SURHE LI A
() 95 A 45 B AR b e s R B B
AN EYe 1, FECEEA TR, £4
Y 2R, WIIMRE L 4, EEEFEAN
sl

T G5 i i, PR AL Sy 9 b R %) P58 A B A8
BRE, HHMAREA S50 AR
Ferkm s 2 e E! ERESE T EA X T A
Kok fige i BES Sk A 4B R O P 4%
B A N N ) @ e Y (273 - AL R0 S B
TE A S PRI ey EL G 55 1) 75 ek v JER HE, T
it b RS AR AR, R R S 5
Wi, AP = RGEPEALEY

SRy B A THT ML T TR A [] 2 Yl S X6 A 4
T Y REE S5 K I R R SE R, AR IF 58 B BUAR
[F] S 700l M R G 6k 4, R R v o 0 B R
Xof R R e SR A - R A W ) A AR AT 5
DA T fige b S 5 R i R B B X % A g P
A T S A BT S5 R I s ), oA R R

P4 actamicro@im.ac.cn, 7 010-64807516

XA BRI .
1 ARSI

1.1 SRS Xt

N o A AT N R o Ll P
(91.18°E, 29.64°N)JFJie, S5 o7 TR B A1 V1
HETT A Hrl , PRI 3 650 m, AE)R
T R A 2 T R R X, A H IR
ik 3000 h DAL, SGRERIEFER, AEVIHREN &
9 446 mm, TCFEWIN 110-120 d., 3% X 5+ 5
ARG, pH E2E P, L5
Wy, IRAyEeZ 2200
1.2 HIEEEEIT

A IS 3 LB, 5. (1) Fb
A E3E(ZQ); (2) fAG b 35 H1E(CMPs); (3)
T i R B 35+ HE(BMPs), b, £ 45
R AR (PEYM B, JEEE R 0.008 mm; A]FE
figt i JI5S by W i B4 5 (LLDPE (1) 5 & 0 50k
96%-99%, AZAFARMELE EBP-1502 15T 5048
H 1%-4%), JEREEFEAE R 0.008 mm. B EHF
JEARTR AL, HeAy e # O R —3, A —A4~
NGB, EFE B S R OGR S 1T
+HEORSE, JEXF R MR . HERUE Y
FHOCHE bR T AL o

Fp—HuR I m A R 16 m?, - HUE R
YEVIWSCER J5 DEATBR 0, ioRe 5 R AP O Bl 1 I
e, BHLIR B2 20 cm. R AR I ]
2024456 H 17 H, ®EL 15 gm®, 112N
25 cm, DIBRORAE MR A B8 E K a5, SEIEFE
B MRAEREKIEN, BRBEK 1-2 %k, DR
HHERERE
1.3 #HmXE&E

Sy AE BIREE T S5 B AR, RIS
BRAR R AE 0-20 cm (9HFE T3 RS bR
K HBEAL SRR TR, B R
BERERA A, AN E S LI
a, JERBRAR Y . MBS 2 W —



B S8 | BUEPIER, 2026, 66(5)

2229

B> AR S T - R T 5 —
FRAT R EE LA A WA A M S, BT
-80 °CHY VKA T IERORAE , FH T a2 HIERUEY)
By TAE
1.4 HIEIBUMRRONE

TR R S R (LR fb2E
Mrogik) B 35 pH SRR A E i s +
1€ 5. & (total nitrogen, TN)K FH4x H shil [G 2 &Y
M RE ; 135 B (total carbon, TC) R FH 4% iR
B - AN I AR 5 R ) 4 Bk (microbial
biomass carbon, MBC)>K FH 584 L Z& #£ HL-TOC
R IV RS HLEK (dissolved organic carbon,
DOC) 2k Fl TOC X I % ; + 4 4 8% (total
phosphorus, TP)R AT L 7k ; L4
B (total potassium, TK)RH KHMEEETHIE ; +
12 ) %8 AL A HLEK (readily oxidizable carbon, ROC)
K H 333 mmol/L KMnO, & fb- b kil ; +
3¢ WUk A ALK (particulate organic carbon, POC).,
W W 45 4 A HL Bk (mineral-associated organic
carbon, MAOC) K FH 7~ i Bl 2 4+ 2 4% PR A A1 n
PIEME 5 IR (microplastics, MPs) R H
WOLLT b LDIR A TR A g P
AR B4 % F Excel 2021 $EA73HE , J1 4]
SPSS 26.0 ¥ iEA 50 o
1.5 HIRFEINF

TR TAER A 2 mL TW EP &
o, BAE L ST A W R AR A IR A\ X
T IERE AT IN Y . SRITANTE 16S rRNA JE [
B V3-V4 X 5% 338F (5'-ACTCCTACGGGAG
GCAGCAG-3") Hll 806R (5'-GGACTACHVGGGT
WTCTAAT-3"), LK E B ITS1 514 ITSIF (5'-C
TTGGTCATTTAGAGGAAGTAA-3") #l1 ITS2R
(5'-GCTGCGTTCTTCATCGATGC-3") it 7 PCR
o1, PCR S iy i i 38 5 A= = 25 B A B
WEITER . TG IIEE 1% Bl HEEE S L kR I
Jo YIRS I, I8 F DNA BE I 45 BGR 5) £ 4l
b 4tk PCR P&t LB L B2

B A FRZS 6178 Tlumina NextSeq 2000 -4 |3
iy . PHEEZ TS, R DADA2 5k
I I 3 )T 1 A% 55 /& (amplicon sequence
variants, ASV){5 B, FFIH] Silva F1 RDP 4%
HATHIAERE . R mothur BTE o ZHE1E
8%, K H Wilcoxon Bk FIK IS HEAT o Z2FE1E
FI 2 8] 22 5% 0075 LT Bray-Curtis 158
5 1Y = A8 R 43 BT (principal coordinates analysis,
PCoA) Ky St A R i A Wi I 25 AR LI, JF
454 PERMANOVA JEZH0KG 5640 H7 A A 2H 18] 3
YRR G = R R B R #E; H LEfSe 704
(linear discriminant analysis effect size) fifi 5 A [
ZH AN T 3 i /K F B 03 25 e  EfA
ol 3 15 25 % I0 4% 9 #7 (distance-based
redundancy analysis, db-RDA). 4 4 358 Ff {14
JoRT A HETAE W R Ve A AR S A [l U5 43
T PEAh db-RDA A o 1Y) 3225 - 3304k
PEB X M AEY o ZFEMERE B Z . T
Spearman AH 5GP Bk 2 H) Fb 1 47 AH OC 1 K 2% &
Gax i

2 BERE5AM

21 AEERBMRFELET LIREEWL
M RAVE =

Xof S [v) Ak B2 A b B L SR R AT LR 2 T
225007, BEARERIIER VAR 35 A0 BT pHL
TN, TC. MBC, DOC, TP, TK, ROC, POC,
MAOC Fl MPs #7742 T i 252 00(P<0.05) .

BT RAE AT T, B PR E R
pH. DOC F MPs 2 5L BUA [ i B 1 b T3,
I TK A1 TC & 347 r A, (AR,
1% Gt b JR 3 5 5 T o Sk b S 6 TS 40 BRAL
A T ARV . FE CMPs AbBRZE B TN
ROC. POC., MAOC % & [k, MBC 7 &
s AE BMPs &b BRZH U KA1 2 .

http://journals.im.ac.cn/actamicrocn



2230

LUO Sicen et al. | Acta Microbiologica Sinica, 2026, 66(5)

=1 ARAIBE BB MR
Table 1

treatment groups

Soil physicochemical properties of different

Item ZQ CMPs BMPs

pH 8.3240.02¢  8.44+0.01a  8.36+0.01b
TN/% 0.78+0.01b  0.70+£0.03¢c  0.92+0.02a
TC/% 0.95+£0.03a  0.82+0.02¢  0.94+0.03 b
MBC/(mg/kg) 97.31£0.01b  99.06+0.02a 95.93+0.01c
DOC/(mg/kg)  74.64+0.01c  77.17+£0.04b  93.66+0.01a
TP/(g/kg) 0.74+£0.02¢  0.79+0.01b  1.03%0.04a
TK/(g/kg) 11.87+£0.02a  8.95+0.01c  9.54+0.01b
ROC/(g/kg) 1.32+0.01b  1.19+0.01c 1.64+0.05a
POC/(g/kg) 1.78£0.04b  1.74+0.04c  2.59+0.04a
MAOC/(g/kg) 5.01£0.02b  4.53+0.01c¢  5.30+0.02a
MPs/(items/kg) 15114244c  2311+111b 8 178+109a

Mean+SE (n=3). Different lowercase letters (a, b, ¢) indicate
statistically significant differences in the same physicochemical

property among different treatment groups (P<0.05).
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Table 2 Analysis of soil microbial community structure diversity indices across different treatment groups

Treatment Sobs Chaol Shannon index Simpson index

Bacteria ZQ 518.3+£80.7 524.0+£90.4 5.06+0.07 0.015+0.002
CMPs 519.0£90.0 522.8496.2 5.11+0.07 0.013+0.002
BMPs 501.3£70.7 504.3£76.6 5.07+0.12 0.014+0.004

Fungi ZQ 188.04+43.0 190.8+47.8 3.50+0.13 0.055+0.003
CMPs 190.3+£5.7 190.6+6.2 3.59+0.13 0.057+0.011
BMPs 214.3+£30.7 218.4+37.1 3.57+0.18 0.056+0.010

Mean+SE (n=3).
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Figure 2 Relative abundance map of soil bacterial community structure under different types of plastic mulch.
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Figure 3 Relative abundance of soil fungal community structure under different types of plastic mulching.
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Figure 4 LEfSe analysis and LDA discriminant bar chart of soil bacterial and fungal communities under

different types of plastic film mulching. A: Bacterial LEfSe analysis cladogram; B: Bacterial LDA discriminant

bar chart; C: Fungal LEfSe analysis cladogram; D: Fungal LDA discriminant bar chart.
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Figure 7 Functional predictive analysis of farmland soil microbial communities. A: Heatmap of KEGG pathway

abundance; B: Bar chart of COG functional category abundance; C: FUNGuild functional classification statistics

bar chart.
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