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Abstract

Different types of mulching film could variously influence soil properties and plant growth. Yet, surprisingly few
studies have investigated the effects of mulching film upon soil microbial diversity and community structure. In this
research, two kinds of mulching film, a traditional PE (polyethylene) mulching film and a degradable PBAT ((Poly
[butyleneadipate-co-terephthalate])) mulching film, were applied to cotton (Gossypium spp.) plants grown in Xinji-
ang Province, China. The respective influence of the two mulching films on the cotton’s soil microbial (bacteria and
fungi) diversity and community were investigated. The results showed that applying the PBAT mulching film could
significantly alter the diversity of non-rhizosphere soil fungi when compared to using the PE mulching film. However,
neither the PE nor PBAT mulching film had any significant influence on the diversity of soil bacteria and rhizosphere
soil fungi. Nevertheless, soil microbial community composition differed under the PBAT mulching film treatment vis-a-
vis the PE mulching film treatment. The abundance of Gibellulopsis was higher under the PBAT than PE mulching film
treatment. Our study’s findings provided an empirical basis for the further application of degradable PBAT mulching
film for the sustainable development of cotton crops.

Key points

+ Degradable mulching film alter the diversity of cotton non-rhizosphere soil fungi.
+ Degradable mulching film alter the soil microbial composition of cotton.

+ Degradable mulching film dose not alter the diversity of cotton rhizosphere fungi.
+ Degradable mulching film dose not alter the diversity of cotton soil bacteria.
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Introduction

Cotton (Gossypium spp.) is one of the world’s most
important crops, having wide applications in agriculture,
textile industry, and pharmaceutical industry, to name a
few areas (Feng et al. 2017; Song et al. 2020). As the larg-
est cotton production region, Xinjiang Province’s cotton
planting area and vyield accounts for 78.9% and 87.3% of
China’s totals, respectively (China statistical yearbook
2020). The unique geographical location and natural con-
ditions of Xinjiang Province are very suitable for grow-
ing cotton. Usage of plastic mulching in cotton planting is
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now an essential cultivation technique in Xinjiang Prov-
ince (Li et al. 2018). The application of mulching offers
multiple advantages, namely increasing the water appli-
cation efficiency and ground temperature, and reducing
the incidence of cotton diseases, thereby improving the
quantity and quality of cotton yield in Xinjiang Province
(Dong et al. 2019; Ma et al. 2021).

The most commonly used mulch for cotton’s growth
is made of PE (polyethylene) material. This PE mulching
film has been shown to play important roles in cotton
plants’ growth and development. However, because natu-
ral degradation of the PE material in soil is difficult, most
of it stays in soil once plowed; hence, long-term usage of
PE mulching films cause serious environmental pollution.
Moreover, PE mulching film can adversely affect both soil
structure and the microbial community composition in
soil. In cotton farmland soil, the microplastics from PE
mulching film significantly altered its bacterial commu-
nity (Zhang et al. 2019). Alternatively, using a mulching
film that degrades more easily has the advantage of being
environmental friendly, and its usage in cotton produc-
tion is gaining popularity. Degradable mulching film had
benefit to cotton yield and soil properties. Application of
degradable mulching film could significantly improve the
cotton yield compared with non-mulched treatment, but
had no notably difference with plastic mulch film (Deng,
et al. 2019; Wang et al. 2019). Moreover, soil water con-
tent and salinity in degradable mulching film application
was higher than usage of plastic mulch film in certain
period (Wang et al. 2019).

Soil microbial characteristics could reflect the healthy
status of soil, which is vital for the sustainable develop-
ment of cotton farming (Wang et al. 2021). Many studies
have demonstrated that the usage of plastic mulching is
capable of influencing the diversity and community com-
position of soil microbiota. Recently, Dong et al. (2017)
found that mulching applications could significantly
increase soil microbial diversity and alter soil microbial
community composition in a rain-fed region of north-
eastern China. A similar phenomenon was reported from
a semi-arid orchard system, where the mulching appli-
cation considerably augmented soil fungi diversity and
abundance, and positively affected soil bacterial richness
in an apple tree orchard (Wang et al. 2020). Moreover,
the type of mulching film used can differentially impact
soil microbial community composition and diversity.
For example, Zhang et al. (2020) found that, compared
with polyethylene film mulching application, peanut hull
mulching in a tea plantation could significantly improve
the abundance of the phylum Nitrospirae in its soil bac-
terial communities, and that of Mortierellomycota and
Basidiomycota in soil fungal communities. However, sel-
dom do studies assess how different mulching films affect
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soil microbial community and diversity across multiple
stages of cotton plants’ growth.

To investigate the influence of different kinds of mulch-
ing film upon soil microbial community and diversity,
two types, the traditional PE mulching film and a degra-
dable PBAT (Poly [butyleneadipate-co-terephthalate])
mulching film were used in this study. The main differ-
ence between the two mulching films is the composition.
PE mulching film was composed of polyethylene, which is
difficult to degrade. PBAT mulching film was composed
of poly butyleneadipate-co-terephthalate, which could be
degraded. Meanwhile, the influence of these two mulch-
ing films on microbial diversity and community composi-
tion of cotton’s rhizosphere soil and non-rhizosphere soil
at boll opening stage was evaluated. This research pro-
vides evidence favoring the further application of degra-
dable mulching film when growing cotton.

Methods and materials

Experimental site and design

The field experiment was conducted at the Xinjiang
Academy of Agricultural Sciences’ cotton comprehensive
experiment site, located in Xinjiang Province (40°06’ N,
80°44/ E). This experimental site has a typical temper-
ate continental arid climate, with evaporation amount,
sunshine duration, average annual precipitation and
temperature of 2900 mm, 2679 h, 46.7 mm and 10.4 C,
respectively.

The main testing plot is 14-m long and 6.84-m wide,
whose soil is silt loam. The average dry bulk density is
1.48 g/cm®, the content of organic matter and total nitro-
gen in soil is 10.6 g/kg and 1.79 g/kg, respectively. Two
types of mulching film, PE and degradable PBAT, were
used. Cotton planting was managed via mechanical lami-
nating and sowing. Each treatment was repeated three
times.

Soil sampling

The two treatments were designated as follows: PE
mulching film application at the boll opening stage
(PEBOS), and the degradable PBAT mulching film appli-
cation at the boll opening stage (DPBOS).

Two soil types, rhizosphere soil and non-rhizosphere
soil, were collected from the treatments. Cotton roots
were taken out, and then a hairbrush was used to gen-
tly dislodging the soil adhering to cotton roots to collect
rhizosphere soil. From every treatment replicate plot,
soil was collected from 0 to 10 cm depth at seven points
randomly, then mixed and passed through sieve to form
composite samples of the non-rhizosphere soil. Both the
two type soils were preserved and used for soil microbial
diversity and community analysis.
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Soil DNA extraction and PCR amplification

From each sample, soil DNA was extracted with a
FastDNA Spin Kit for soil (MP, Santa Ana, USA), accord-
ing to the manufacturer’s instructions. The purity and
concentration of soil DNA was detected on a Nan-
0oDrop2000 (Thermo Scientific, Wilmington, USA). The
integrity of soil DNA was checked with 1% agarose gel.

The primer pair of 338F (5'-ACTCCTACGGGAGGC
AGCAG-3) and 806R (5'-GGACTACHVGGGTWT
CTAAT-3’) was used to amplify the V3-V4 region of
16S rDNA (Xu et al. 2016). A 20-pL PCR reaction sys-
tem contained 4 pL of 5 x FastPfu Buffer, 2 pL of 2.5 mM
dNTPs, 0.8 puL each of the 338F and 806R primers, 0.4 puL
of FastPfu polymerase, 10 ng of template DNA, 0.2 pL
of BSA, and residual ddH,O. The PCR reaction program
went as follows: 95 °C for 3 min, then 27 cycles at 95 °C
for 30 s, 55 °C for 30 s, and 72 °C for 45 s, with a final
extension at 72 °C for 10 min.

The primer pair of ITSIF (5-CTTGGTCATTTAGAG
GAAGTAA-3') and ITS2R (5'-GCTGCGTTCTTCATC
GATGC-3') was used to amplify the ITS1 region of ITS
rDNA (Adams et al. 2013). The 20-pL. PCR reaction
system contained 2 pL of 10 x Buffer, 2 pL of 2.5 mM
dNTPs, 0.8 pL each of the ITS1F and ITS2R primers, 0.2
pL of rTaq polymerase, 10 ng of template DNA, 0.2 yL
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of BSA, and residual ddH,O. The conditions of the PCR
reaction program were as follows: 95 °C for 3 min, with
35 cycles at 95 °C for 30 s, 55 °C for 30 s, and 72 °C for
45 s, ending with an extension at 72 °C for 10 min.

lllumina Mi-Seq sequencing

The Mi-Seq libraries were derived by a TruSeqTM DNA
Sample Prep Kit (Illumina, San Diego, CA, USA) and
following the manufacturer’s instructions. All the con-
structed libraries were then sequenced on the Illumina
Mi-Seq platform, this done by the Majorbio Co. Ltd.
(Shanghai, Chia). The ensuing raw sequence data were
filtered as previously described (Sun et al. 2021). All the
sequences data were uploaded in NCBI Sequence Read
Archive database.

Bioinformatics analysis

Several well-known indexes were derived to assess dif-
ferences in microbial diversity and community composi-
tion between the two kinds of mulching film tested in the
cotton field. The Sobs, Shannon, Simpson, Ace, and Chao
indexes were used to express alpha diversity. Student’s
t-test was used to analyze the alpha diversity. Principal
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Fig. 1 Soil fungal community composition under the application of two different mulching films. On the x-axis is the percentage of community
abundance, and on the y-axis the treatments. a Rhizosphere soil fungal community at the phylum level, b non-rhizosphere soil fungal community
at the phylum level, ¢ rhizosphere soil fungal community at the genus level, and d non-rhizosphere soil fungal community at the genus level
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coordinate analysis (PCoA) was used to investigate the
microbial beta diversity among all samples (Wen et al.
2020).

Results

Mi-Seq sequencing analysis

For fungi, a total of 415,816 sequences were obtained
from the rhizosphere soil samples after undergoing Illu-
mina Mi-Seq sequencing for the ITS1 region of ITS
rDNA. Their average length was 228 bp. From the non-
rhizosphere soil samples, a total of 408,590 sequences
were generated, having an average length of 230 bp.

For bacteria, 426,303 sequences in all were obtained
from the non-rhizosphere soil samples after their Illu-
mina Mi-Seq sequencing of the 16S rDNA V3-V4 region;
these had an average length of 416 bp. From the rhizo-
sphere soil samples, 363,833 sequences were generated
overall, with an average length of 416 bp.

Microbial community composition

Two taxonomic strata, phylum and genus, were used to
examine similarities and differences in the microbial
communities under the two mulching film treatments.
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Both treatments exhibited a similar dominant fungal
community at the level of phylum dwelling in the rhizo-
sphere and non-rhizosphere soils. The Ascomycota,
Basidiomycota, and Mortierellomycota were the most
dominant phyla. However, differences emerged at the
genus level in the rhizosphere and non-rhizosphere soil
between the two treatments (Fig. 1a, b).

The dominant fungal genera in the rhizosphere soil of
PEBOS were Pseudeurotium (24.4%), Preussia (18.9%),
and Cladosporium (13.4%), whereas Metarhizium
(17.7%) in rhizosphere soil was higher in the DPBOS than
PEBOS treatment (4.0%). The dominant genera present
in the non-rhizosphere soil of DPBOS were Pseudeuro-
tium (22.7%), Vishniacozyma (13.3%), and Cladosporium
(10.8%). Under the PEBOS treatment, the most dominant
genus was Pseudeurotium (28.3%), followed by Clad-
osporium (14.1%) and Vishniacozyma (12.7%) (Fig. 1c, d).

The Proteobacteria, Actinobacteriota, Chloroflexi, and
Acidobacteriota were the most dominant bacterial phyla
between the two treatments in the rhizosphere and non-
rhizosphere soil samples (Fig. 2a, b).

The most abundance bacterial genera in the rhizo-
sphere soil of PEBOS were norank f Gemmati-
monadaceae (3.3%). Similarly, the most abundant
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Fig. 2 Soil bacterial community composition under the application of two different mulching films. On the x-axis is the percentage of community
abundance, and on the y-axis the treatments. a Rhizosphere soil bacterial community at the phylum level, b non-rhizosphere soil bacterial
community at the phylum level, ¢ rhizosphere soil bacterial community at the genus level, and d non-rhizosphere soil bacterial community at the
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bacterial genera in the DPBOS treatment were same to
the PEBOS treatment. In stark contrast, evidently the
non-rhizosphere soil harbored distinctive dominant
taxa (Fig. 2c, d). The most abundance bacterial genera
in the non-rhizosphere soil of PEBOS were norank_f_
norank_o_Vicinamibacterales (3.6%), and those of the
DPBOS treatment were also norank_f norank_o_Vici-
namibacterales (3.8%). The abundance of Bacillus was
higher in PEBOS than DPBOS in both rhizosphere and
non-rhizosphere soil. For Streptomyces, the abundance
in DPBOS is higher than PEBOS in non-rhizosphere
soil.

Microbial a-diversity

Five indexes—Sobs, Shannon, Simpson, Ace, and Chao
were used to convey the diversity and richness under
each of the two mulching treatments. For non-rhizo-
sphere soil, the Sobs, Shannon, Ace, and Chao values
for the fungal community differed significantly between
the DPBOS and PEBOS treatments, indicated that the
diversity and richness of non-rhizosphere soil fungal
was altered considerably by the type of mulching film
applied to grow cotton plants (Fig. 3). For rhizosphere
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soil’s fungal community, no significant differences were
discernible between the DPBOS and PEBOS treatments.

Moreover, no significant difference was detected in the
bacterial community between DPBOS and PEBOS treat-
ments in either the rhizosphere and non-rhizosphere
soils. This indicated that application of the PE mulch-
ing film negligibly influences the bacterial diversity and
richness when compared with using degradable or PBAT
mulching film, either in rhizosphere or non-rhizosphere
soils.

Microbial B-diversity

PCoA was used to infer divergence in microbial com-
munity structure between treatments. According to the
PCoA results, the bacterial community under the DPBOS
treatment was separated from PEBOS treatment, in both
the rhizosphere and non-rhizosphere soil zones, which
indicated that bacterial community structure was signifi-
cantly altered by the type of mulching film used (Fig. 4a,
b). The fungal community showed a similar response
to the DPBOS treatment versus PEBOS treatment as
the bacterial community. That is, the fungal commu-
nity structure in DPBOS treatment was likewise sepa-
rated from PEBOS treatment in both rhizosphere and
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Fig. 3 Alpha diversity analysis of non-rhizosphere soil fungal communities under the application of two different mulching films. The x- and y-axis
represent the treatments and diversity indexes, respectively. *p <0.05, **p <0.01. a Sobs index. b Simpson index. ¢ Shannon index. d Ace index, and
e Chao index




Tang et al. AMB Express (2022) 12:33

non-rhizosphere soil, suggesting that fungal community
structure was remarkably affected by the application of
different mulching films (Fig. 4c, d).

Discussion

The kind of mulching film used could influence the diver-
sity and community of soil microbes, which are impor-
tant determinants of soil properties and plants’ growth.
Therefore, a better understanding of how mulching film
changes soil microbial diversity and community is cru-
cial for the sustainable development of agriculture. In
our study, two mulching film types, PE and degradable
PBAT materials, were used to investigate the below-
ground responses in terms of the diversity and commu-
nity of rhizosphere and non-rhizosphere soil microbes
in a cotton-growing field. We found that the diversity of
rhizosphere and non-rhizosphere soil bacteria did not
depend on whether PE or a degradable PBAT mulch-
ing film was used, whereas the diversity and richness of
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non-rhizosphere soil fungi clearly did, being significantly
different PEBOS and DPBOS treatment. A plausible
explanation for the latter is the variety of soil fungi that
associated with the ability to degrade PBAT materials in
DPBOS was quit different with PEBOS. Different mulch-
ing film materials could also influence the diversity of soil
fungi. Similar phenomenon had been found in tea planta-
tion under different mulching patterns. Compared with
polyethylene film mulching, application of peanut hull
mulching increased the diversity of soil fungal commu-
nity (Zhang et al. 2020).

Both rhizosphere and non-rhizosphere soil fungal
communities were altered by applying the degradable
PBAT mulching film in comparison with the PE mulch-
ing film. The genus Gibellulopsis was more abundant
in the DPBOS treatment than in the PEBOS treatment
in both rhizosphere and non-rhizosphere soil. Gibel-
lulopsis had been previously isolated from compost,
rotting root soil, and decomposing grains (Lopez et al.
2021; Kotova et al. 2016; Tian et al. 2021). Gibellulopsis
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is reportedly associated with carbohydrate content.
Therefore, we speculate that Gibellulopsis in DPBOS
treatment soil was related to PBAT’s decomposition,
and that its presence could accelerate the degradation
of PBAT mulching film.

Unlike soil fungal community composition, soil bac-
terial community composition was only slightly altered
after the application of degradable PBAT mulching film
and PE mulching film. In particular, the abundance of
Streptomyces was higher in the DPBOS than PEBOS
treatment in non-rhizosphere soil. Streptomyces is able to
degrade cellulose, pesticides, and petroleum compounds
(Chen et al. 2020; Ohashi et al. 2021; Santillan et al. 2020).
Further, Streptomyces may be critically involved in plas-
tics’ degradation. Recently, Han et al. (2020) found that a
Streptomyces strain, isolated from agricultural soils, was
able to grow with mulching film as carbon source and to
thereby degrade the mulching film over time Therefore,
we posit that Streptomyces is to some extent associated
with PBAT’s degradation in the DPBOS treatment soil.

Further research work should focus on screening for
mulching film-degrading fungi and bacteria. These candi-
dates could then be inoculated back into soil to test their
ability to improve degradation efficiency of the PBAT
mulching film. Finally the mulching film-degrading fungi
and bacteria could be prepared into product and put into
soil to accelerate the degradation of mulching film. Our
study provides a timely basis for the wider application of
degradable PBAT mulching film towards the sustainable
development of cotton crops.

In conclusion, application of different types of mulch-
ing films had different impact on soil microbial diversity
and community. This study investigated the influence
of traditional PE mulching film and degradable PBAT
mulching film on cotton (Gossypium spp.) soil microbial
diversity and community in Xinjiang Province, China.
The PBAT mulching film could significantly alter the
diversity of non-rhizosphere soil fungi when compared
to using the PE mulching film. However, neither the PE
nor PBAT mulching film had any significant influence on
the diversity of soil bacteria and rhizosphere soil fungi.
This study has provided an empirical basis for the further
application of degradable PBAT mulching film for the
sustainable development of cotton crops.

Acknowledgements
Not applicable.

Authors’ contributions

7S Writing—original draft preparation, conceptualization. TL methodology,
writing—review and editing, software. QT funding acquisition, conceptualiza-
tion, writing—review and editing, supervision. AY methodology, software. JZ
methodology. P) methodology. FW software. HZ software. All authors read
and approved the final manuscript.

Page 7 of 8

Funding

This research was funded by Major R&D projects in Xinjiang uygur autono-
mous region (2020A01002 2020-4-4); National Natural Science Foundation of
China (31960386); The Xinjiang uygur autonomous region college scientific
research project (XJEDU201910120); National Key R&D Program of China
(2020YFD 1001005).

Availability of data and materials
All the sequences data were uploaded in NCBI Sequence Read Archive data-
base under the BioProject numbers of PRINA789993.

Declarations

Ethics approval and consent to participate
Any studies were performed with human participants or animals by all the
authors.

Consent for publication
All the authors consent for publication.

Competing interests
The authors declare that they have no known competing financial interests.

Author details

'College of Agronomy, Engineering Research Centre of Cotton, Xinjiang Key
Laboratory of Grassland Restoration and Environmental Information, Ministry
of Education, Xinjiang Agricultural University, Xinjiang 830052, China. ?Institute
of Cash Crops, Key Laboratory of Crop Ecophysiology and Cultivation in Desert
Qasis, Ministry of Agriculture and Rural Affairs, Xinjiang Academy of Agricul-
tural Sciences, Xinjiang 830091, China. 3Institute of Environment and Sustain-
able Development in Agriculture, Key Laboratory of Dryland Agriculture,
Ministry of Agriculture and Rural Affairs, Chinese Academy of Agricultural
Sciences, Beijing 100081, China. *School of Light Industry, Beijing Technology
and Business University, Beijing 100048, China.

Received: 22 November 2021 Accepted: 3 March 2022
Published online: 11 March 2022

References

Adams RI, Miletto M, Taylor JW, Bruns TD (2013) Dispersal in microbes: fungi in
indoor air are dominated by outdoor air and show dispersal limitation at
short distances. ISME J 7:1262-1273

Chen C, Chen S, Zhang W, Yuan F, Yu J, Liu Q (2020) Streptomyces sp. S501, a
marine petroleum-degrading actinobacterium isolated from sediment
of Yalujiang estuary, northern China, and its genome annotation. Curr
Microbiol 77:3643-3650

Deng L, YuY, Zhang HY, Wang Q, Yu RD (2019) The effects of biodegradable
mulch film on the growth, yield, and water use efficiency of cotton and
maize in an arid region. Sustainability 11:7039

Dong WY, Si PF, Liu EK, Yan CR, Zhang Z, Zhang YQ (2017) Influence of film
mulching on soil microbial community in a rainfed region of northeast-
ern China. Sci Rep 7:8468

Dong HZ, LiWJ, Tang W, Zhang DM (2019) Early plastic mulching increases
stand establishment and lint yield of cotton in saline fields. Field Crops
Res 111:269-275

Feng L, Dai JL, Tian LW, Zhang HJ, Li WJ, Dong HZ (2017) Review of the tech-
nology for high-yielding and efficient cotton cultivation in the northwest
inland cotton-growing region of China. Field Crops Res 208:18-26

Han YN, Wei M, Han F, Fang C, Wang D, Zhong YJ, Guo CL, Shi XY, Xie ZK, Li
FM (2020) Greater biofilm formation and increased biodegradation of
polyethylene film by a microbial consortium of Arthrobacter sp. and Strep-
tomyces sp. Microorganisms 8:1979

Kotova IB, Cherdyntseva TA, Netrusov Al (2016) Russian kefir grains microbial
composition and its changes during production process. Adv Exp Med
Biol 932:93-121



Tang et al. AMB Express (2022) 12:33

Li XY, Liu LJ, Yang HJ, Li Y (2018) Relationships between carbon fluxes and
environmental factors in a drip-irrigated, film-mulched cotton field in arid
region. PLoS ONE 13:e0192467

Lopez MJ, Jurado MM, Lopez-Gonzélez JA, Estrella-Gonzalez MJ, Martinez-
Gallardo MR, Toribio A, Sudrez-Estrella F (2021) Characterization of
thermophilic lignocellulolytic microorganisms in composting. Front
Microbiol 12:697480

Ma HH, Pu SH, Li P, Niu XX, Wu XL, Yang ZY, Zhu JR, Yang T, Hou ZN, Ma XW
(2021) Towards to understanding the preliminary loss and absorption
of nitrogen and phosphorus under different treatments in cotton drip-
irrigation in northwest Xinjiang. PLoS ONE 16:€0249730

Ohashi K, Hataya S, Nakata A, Matsumoto K, Kato N, Sato W, Carlos-Shanley C,
Beebe ET, Currie CR, Fox BG, Takasuka TE (2021) Mannose and manno-
biose-specific responses of the insect-associated cellulolytic bacterium
Streptomyces sp strain SirexAA-E. Appl Environ Microbiol 87:¢0271920

Santillan JY, Muzlera A, Molina M, Lewkowicz ES, Iribarren AM (2020) Microbial
degradation of organophosphorus pesticides using whole cells and
enzyme extracts. Biodegradation 31:423-433

Song XH, Zhu GZ, Hou S, Ren YM, Amjid MW, Li WX, Guo WZ (2020) Genome-
wide association analysis reveals loci and gandidate genes involved in
fiber quality traits under multiple field environments in cotton (Gos-
sypium hirsutum). Front Plant Sci 12:695503

Sun ZB, Li HY, Lin ZA, Yuan L, Xu JK, Zhang SQ, Li YT, Zhao BQ, Wen YC (2021)
Long-term fertilisation regimes influence the diversity and community of
wheat leaf bacterial endophytes. Ann Appl Biol 179:176-184

Tian L, Ou J, Sun X, Miao Y, Pei J, Zhao L, Huang L (2021) The discovery of
pivotal fungus and major determinant factor shaping soil microbial com-
munity composition associated with rot root of American ginseng. Plant
Signal Behav 16:1952372

Wang ZH, Wu Q, Fan BH, Zhang JZ, Li WH, Zheng XR, Lin H, Guo L (2019)
Testing biodegradable films as alternatives to plastic films in enhancing
cotton (Gossypium hirsutum L.) yield under mulched drip irrigation. Soil
till Res 192:196-205

Wang Y, Liu L, Luo Y, Awasthi MK, Yang J, Duan'Y, Li H, Zhao Z (2020) Mulching
practices alter the bacterial-fungal community and network in favor of
soil quality in a semiarid orchard system. Sci Total Environ 725:138527

Wang XL, Feng H, Wang YY, Wang MX, Xie XG, Chang HZ, Wang L, Qu JC, Sun
K, He W, Wang CY, Dai CC, Chu ZH, Tian CF, Yu N, Zhang XB, Liu H, Wang
ET (2021) Mycorrhizal symbiosis modulates the rhizosphere microbiota to
promote rhizobia-legume symbiosis. Mol Plant 14:503-516

Wen YC, Li HY, Lin ZA, Zhao BQ, Sun ZB, Yuan L, Xu JK, Li YQ (2020) Long-term
fertilization alters soil properties and fungal community composition in
fluvo-aquic soil of the North China Plain. Sci Rep 10:7198

Xu N, Tan G, Wang H, Gai X (2016) Effect of biochar additions to soil on nitro-
gen leaching, microbial biomass and bacterial community structure. Eur
J Soil Biol 74:1-8

Zhang MJ, Zhao YR, Qin X, Jia WQ, Chai LW, Huang MK, Huang Y (2019) Micro-
plastics from mulching film is a distinct habitat for bacteria in farmland
soil. Sci Total Environ 688:470-478

Zhang S, Wang Y, Sun L, Qiu C, Ding Y, Gu H, Wang L, Wang Z, Ding Z (2020)
Organic mulching positively regulates the soil microbial communities
and ecosystem functions in tea plantation. BMC Microbiol 20:103

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Effects of mulching film on soil microbial diversity and community of cotton
	Abstract 
	Key points 
	Introduction
	Methods and materials
	Experimental site and design
	Soil sampling
	Soil DNA extraction and PCR amplification
	Illumina Mi-Seq sequencing
	Bioinformatics analysis

	Results
	Mi-Seq sequencing analysis
	Microbial community composition
	Microbial α-diversity
	Microbial β-diversity

	Discussion
	Acknowledgements
	References




