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Abstract
Microplastics (MPs) are emerging persistent pollutants, and heavy metals are typical environmental pollutants, with their 
coexistence potentially compounding pollution and ecological risks. However, the interactive impacts and the relevant 
mechanisms of heavy metal and different types of MPs in plant-soil systems are still unclear. This study investigated the 
differential impacts of polyethylene MPs (PE MPs) and biodegradable polybutylene adipate MPs (PBAT MPs) on chromium 
(Cr) uptake in peanuts, focusing on plant performance and rhizosphere soil microenvironment. Compared with nondegrada-
ble PE-MPs, biodegradable PBAT MPs produced less significant influences on plant phytotoxicity, soil Cr bioavailability, 
and soil properties such as pH, CEC, DOC, and MBC, with the exception of MBN in Cr-contaminated soils. Compared to 
the control, soil pH and cation exchange capacity (CEC) decreased by MPs, while soil-soluble carbon (DOC), microbial 
biomass carbon, and nitrogen (MBC and MBN) increased by MPs. Compared to the control, soil-bioavailable Cr increased 
by 11.8–177.8% under PE MPs treatments, while increased by 5.1–156.9% under PBAT MPs treatments. The highest Cr 
content in shoots and roots was observed at 500.0 mg·kg−1 Cr level, which increased by 53.1% and 79.2% under 5% PE MPs 
treatments, respectively, as well as increased by 38.3% and 60.4% under 5% PBAT MPs treatments, respectively, compared 
with the control. The regression path analysis indicated that pH, MBC, MBN, and soil-bioavailable Cr played a vital role 
in the changes of soil properties and Cr uptake by peanuts induced by MPs. Soil bacterial community analysis revealed 
that Nocardioides, Proteobacteria, and Sphingomonas were reduced by the inhibition of MPs, which affected Cr uptake by 
peanuts. These results indicated that the peanut soil microenvironment was affected by PBAT and PE MPs, altering the Cr 
bioavailability and plant Cr uptake in Cr-contaminated soil.
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Introduction

Agricultural soil covered with plastic film can retain heat, 
hold moisture, and promote production (Zhao et al. 2023a, 
b). However, the long-term large-area mulching produc-
tion and its low recycling rate have led to the storage of 
large amounts of plastic debris in agricultural soil, causing 
“white pollution” (Liu et al. 2014). These plastic fragments 
in the soil also form microplastics (MPs) through hydrolysis, 
photodegradation, and abrasion (Liu et al. 2022b). Several 
studies indicate that soil heavy metal absorption and bio-
availability are affected by MPs through altering soil pH, soil 
cation exchange (CEC), and soil soluble carbon (DOC) (An 
et al. 2023; Sajjad et al. 2022; Wang et al. 2021a, b), which 
poses more serious ecological risks to agricultural soils.
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Polyethylene plastic (PE) is used widely in agriculture 
as the most common plastic film. However, considering the 
risks associated with the use of PE films for agricultural 
production, biodegradable plastic films such as polybutylene 
adipate (PBAT) have been developed as alternative materials 
(Qin et al. 2021). Biodegradable plastics are decomposed 
into  CO2 and  H2O through naturally occurring microbial 
mineralization (Paço et al. 2019). It is noted that biodegrad-
able materials do not fully degrade in the natural environ-
ment and give rise to novel MPs (Sintim et al. 2020). In fact, 
due to its strong degradation properties, PBAT is more likely 
to break down from large to small pieces. Therefore, biode-
gradable MPs may have a different accumulation potential 
compared to conventional plastics. Previous studies have 
revealed that in comparison to PE films, PBAT disintegrated 
more quickly in the environment and absorbed more heavy 
metals (HM) (Li et al. 2020). Because biodegradable MPs 
age and degrade more readily in the environment, more 
heavy metals can be absorbed due to their specific surface 
area and rougher surface (Fan et al. 2021). However, the 
different impact on HM accumulations in plant and the rel-
evant mechanisms between PE and biodegradable PBAT 
MPs were still unclear.

MPs broadly coexist with HMs in soil (Pang et al. 2023). 
As a prevalence of HM, Cr in agricultural fields can threaten 
human health, inhibit plant growth, and affect soil ecological 
security (Dotaniya et al. 2014; Tumolo et al. 2020). And Cr 
has a certain genotoxicity, and it affects growth and biologi-
cal cells division and also induces many mitosis aberrations 
(Akhavan et al. 2016; Bouhadi et al. 2024). Because of their 
diverse morphology and susceptibility to external distur-
bances, the soil environment Cr pollution was affected by 
MPs and even caused serious compound pollution in soil (Li 
et al. 2022). It has been shown that the morphology of heavy 
metals was affected by MPs in soil (An et al. 2023). Previ-
ous studies have indicated that the bioavailability of heavy 
metals was increased by PE MPs (An et al. 2023; Li et al. 
2021; Wang et al. 2020), while some studies indicated that 
both PE and PBAT MPs could reduce soil-bioavailable Cd, 
with PBAT MPs having a more significant reduction effect 
(Li et al. 2023). In addition, MPs can further affect peanut 
uptake of heavy metals through their effects on soil proper-
ties (Song et al. 2023b). However, PE and PABT MPs in 
Cr-contaminated soil on soil Cr morphology and Cr uptake 
by plants have not been clarified. Therefore, it is necessary 
to explore the mechanism that PE and PBAT MPs affect 
Cr accumulation by changing soil properties under soil Cr-
contaminated environments.

Thus, this study aimed to investigate the different per-
formance of peanut Cr uptake affected by PE MPs and 
PBAT MPs, which was revealed by plant performance 
and rhizosphere soil microenvironment. The objectives of 
this research are as follows: (1) investigate the different 

performance of PE and PBAT MPs on Cr accumulation 
in peanuts in Cr-contaminated soils; (2) reveal the mech-
anism of difference impact between PE and PBAT MPs 
using a regression path analysis (RPA) with respect to soil 
pH, DOC, CEC, MBC, MBN, and soil DTPA-extractable 
Cr; and (3) reveal the difference impact between PE and 
PBAT MPs on soil microbial-bacterial community by 
high-throughput sequencing method. Understanding the 
differences between PE and PBAT MPs impacts on soil Cr 
toxicity and bioavailability, as well as the environmental 
risks associated with their coexistence.

Materials and methods

Experimental materials

The topsoil (0–20 cm) of Qingdao city, Shandong prov-
ince’s Chengyang District (39°19′02″N, 120°23′20″E), 
was used to gather the experimental soil. Vegetables, corn, 
and peanuts were the primary crops farmed in the region. 
Each of the three soils had a mild acidity. To examine 
their texture and prepare for planting experiments, the soil 
samples were dried, crushed, and sieved through a 100-
mesh screen.  K2Cr2O7 was dissolved in deionized water. 
After mixing well, slowly pour into the soil. Two levels of 
Cr soil were obtained, 250 and 500 mg·kg−1, in which the 
original soil Cr concentration was 52.4 mg·kg−1.

Polybutylene terephthalate (PBAT) MPs (1–300 μm) 
and polyethylene (PE) MPs (8.68–500 μm) were bought 
from the Dongming Business. A 0.5-mm sieve was used to 
grind and filter the PE and PBAT materials. Before used, 
the sieved PE and PBAT particles were washed and rinsed 
with deionized water and 0.1 mol·L−1  HNO3. Luhua 14 
variety was chosen as peanut seed and provided by Qing-
dao Maoyuan Seed Company. After 10 min of sterilizing 
with a 2% sodium hypochlorite solution, the seeds were 
rinsed with deionized water. The fundamental properties 
of the soils are shown in Table 1.

Table 1  Physicochemical properties of soils used in this study

Treatment Soil properties

pH CEC DOC MBC MBN

H2O cmol·kg−1 mg·kg−1 mg·kg−1 mg·kg−1

Soil 1 (Cr 52.4) 6.71 19.43 1.33 172.00 20.2
Soil 2 (Cr 250.0) 6.70 19.74 1.26 170.33 18.03
Soil 3 (Cr 500.0) 6.66 21.09 1.18 103.67 9.79



53371Environmental Science and Pollution Research (2024) 31:53369–53380 

Experimental design

Seven treatments were used in the pot experiment at soil 
Cr concentrations of 52.4, 250.0, and 500.0  mg·kg−1, 
which had a perfectly randomized design: control, 0.1% 
PE, 1% PE, 5% PE, 0.1% PBAT, 1% PBAT, and 5% PBAT. 
The pots were divided into 21 groups, each with 3 replica-
tions, and were organized in a randomized complete block 
design. The pot trial was served as the site in a greenhouse 
at Qingdao Agriculture University during the growing 
season from mid-March to mid-August. The average tem-
perature of day and night were 28 ± 6 °C and 22 ± 6 °C in 
complete test period, respectively. And the relative humid-
ity ranges of day and night were 56 ± 10% and 65 ± 13%, 
respectively.

The soil was fully mixed with various MP types and 
doses. After being carefully blended, the soil-MPs combi-
nation was weighed into the ceramic pots (8 kg each pot) and 
maintained 3 months before the experiment. After steriliz-
ing, seeds were submerged in water for 24 h at temperature 
of 20 ~ 25 °C greenhouse and then placed in ceramic pots, 
covered with 1 cm of treated soil. Each container included 
three seedlings of the same size once the peanuts emerged. 
Each ceramic pot was arranged in the growth chamber at 
random. After 45 days, the plants were taken and examined.

Sampling and chemical analysis

Following a brief shake, rhizosphere soils were extracted 
from soils attached to peanut roots (Lynch and Whipps 
1990). After the soil naturally dried, it was powdered 
through a sieve (0.15 mm) and put away. These plants’ dry 
weight was ascertained. Following grinding, the samples 
of peanut plants were digested using a 5:1  HNO3–HClO4 
mixture. Inductively coupled plasma emission spectrom-
etry (ICP-OES, Perkin-Elmer Optimam 8 × 00) was used to 
measure the Cr content of the plants. Diethylenetriamine-
pentaacetic acid (DTPA) (soil-liquid ratio: 1:5) was used 
to extract the effective state of Cr in the soil, and ICP-OES 
(Agilent 5900 ICP-OES, USA) was used to measure the con-
tent (Soltanpour and Schwab 1997). Soil pH was measured 
using a combination electrode at a ratio of 1:5 (soil/water, 
m/v). A total organic carbon analyzer was used to calculate 
the DOC of the soil at a ratio of 1:10 (soil/0.01-M  CaCl2, 
m/v). The ammonium acetate exchange method was used 
to calculate the CEC of the soil (Schollenberger and Simon 
1945). Microbiomes carbon and nitrogen were determined 
by chloroform fumigation-K2SO4 extraction method (Wang 
et al. 2007). Soil microbial-bacterial community was deter-
mined with the high-throughput sequencing method (Rong 
et al. 2021).

Statistical analysis

Statistical analysis and plotting were performed using SPSS 
v.26.0 and Origin v.2021. Analysis of variance (ANOVA) 
was performed using Duncan’s multiple tests, which was 
statistically different (p < 0.05). Regression path analysis 
(RPA) was used to determine the relationship of soil trait 
indicators (pH, DOC, CEC, MBC, and MBN) with shoot 
and root Cr concentration.

Result

Plant biomass

Both shoot and root dry biomasses were significantly 
affected by the levels of Cr and MPs according to the 
ANOVA results (p < 0.05). In Fig. 1, plant biomass was sig-
nificantly inhibited by PE MPs both at the doses of 5.0% and 
1.0% by 6.6 ~ 12.5% and 16.2 ~ 30.5% while decreased by 
3.9 ~ 11.1% and 11.7 ~ 30.5% under PBAT MPs treatments. 
Specially, there was no significant difference of shoot and 
root biomass inhibition between PBAT and PE MPs with 
the dose of 5.0%.

Cr accumulation in plants

Compared to CK, the PE MPs significantly increased shoot 
and root Cr contents by 5.50 ~ 74.9% and 16.4 ~ 79.2% under 
all MPs levels (p < 0.05), while those for PBAT MPs were 
10.3 ~ 59.5% and 3.0 ~ 60.4%, respectively (Fig. 2). Across 

Fig. 1  Effect of different MPs types and levels and Cr concentrations 
on peanut plant biomass. Note: Capital letters mean significant vari-
ation among the Cr concentrations at the same MPs level and type 
(p < 0.05). Lowercase letters mean significant variation among the 
MPs level treatments at the same Cr concentrations (p < 0.05)
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all three Cr levels, there was a discernible change in the 
shoot or root Cr concentrations between any PE and PBAT 
MPs levels. The MPs levels generated increases in plant Cr 
accumulation that varied with the Cr levels, similar to the 
differences in plant Cr concentrations. The largest plant Cr 
accumulations were observed at the 5% PE MPs treatment 
across the three soils. PE MPs induced more increases than 
PBAT MPs for Cr uptake at the three doses of MPs across all 
three Cr levels. At the soil Cr level of 250.0 mg·kg−1, three 
PE MPs levels significantly increased the shoot Cr accumu-
lation by 17.8%, 40.2%, and 74.9%, respectively, compared 
with CK, while the PBAT were 13.0%, 25.1%, and 59.6%, 
respectively. The soil Cr content and MPs levels had a major 
impact on plant Cr accumulation, and their combination had 
a major impact on peanut Cr accumulation.

Potential available Cr in soils

Soil DTPA-extractable Cr contents were signifi-
cantly increased by 11.9 ~ 110.4%, 21.4 ~ 162.1%, and 
20.6 ~ 177.8% under PE MPs treatments at the Cr levels 
of 54.2, 250.0, and 500.0  mg·kg−1, respectively, while 
increased by 5.1 ~ 98.3%, 5.9 ~ 135.0%, and 10.6 ~ 156.9% 
under PBAT MPs, respectively, compared with CK 
(p < 0.05). There were notable variations in the soil DTPA-
extractable Cr concentrations between the three Cr levels, 
MPs types, and levels in Fig. 3.

Soil properties

Figure 4 showed the effects of different MPs types and 
levels on soil properties. The CEC and DOC dropped as 
soil Cr contamination increased, in contrast to soil pH 

and MBC. PE and PBAT MPs significantly reduced soil 
pH and CEC (p < 0.05), and PE reduced more than the 
corresponding concentration of PBAT. pH and CEC under 
5% PE MPs treatments were reduced by 3.1% and 16.5% 
at the Cr level of 250.0 mg·kg−1, while PBAT treatment 
was 2.3% and 13.9%. PE and PBAT MPs significantly 
increased DOC, MBC, and MBN (p < 0.05), and PE MPs 
increased DOC and MBC more than PBAT MPs. DOC 
and MBC under 5% PE MPs treatments were increased by 
21.4% and 95.3% at the Cr level of 500.0 mg·kg−1 while 
increased by 18.6% and 71.3% under PBAT MPs treat-
ments, respectively. PBAT MPs had a greater impact on 
MBN than PE MPs. MBN were increased by 43.0% at the 

Fig. 2  Effect of different MPs types and levels and Cr concentrations on Cr content of peanut plant

Fig. 3  Effect of different MPs types and levels and Cr concentrations 
on soil’s potential available Cr
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Cr level of 500.0 mg·kg−1 under 5% PE treatments while 
increased by 167.9% under 5% PBAT MPs treatments. 
Among all the soil physicochemical properties, MPs had a 
significant effect on soil physicochemical properties, with 

nonsignificant differences between PE and PBAT MPs at 
0.1% dose and significant differences at 1% and 5%.

Fig. 4  Effect of different MPs types and levels and Cr concentrations on soil properties
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Relationship between the soil properties 
and the accumulation of Cr in plants

The pH, soil DTPA-extractable Cr, DOC, MBN, and 
MBC were significant factors influencing Cr levels in the 
roots and shoots, according to the RPA of the Cr content 
in plants and the fundamental soil characteristics (Fig. 5). 
Among them, there was a negative correlation between 
Cr accumulation in peanuts and pH, DOC, MBC, and 
MBC (p < 0.001). Meanwhile, the negative impact values 
were − 0.367, − 0.317, − 0.338, and − 0.354 for aboveground 
and − 0.400, − 0.312, − 0.142, and − 0.336 for belowground, 
respectively. Soil DTPA-extractable Cr had the greatest 
impact on plant Cr accumulation, and the impact param-
eters for shoot and root were 0.928 and 0.891, respectively. 
The analysis showed that different MPs species and contents 
changed the Cr concentration of peanuts by influencing soil 
properties, which in turn changed peanut growth in the soil 
either directly or indirectly. The main factors influencing this 
were soil pH, DOC, MBC, MBN, and soil DTPA-extractable 
Cr.

Microbial bacterial community

The effects of soil Cr contamination and the MPs on the 
relative abundance of bacteria in soil fractions are shown 
in Fig. 6. In CK, Nocardioides (19.43%) is the predomi-
nant genus, followed by Proteobacteria (17.49%), Nitros-
osphaera (9.01%), Sphingomonas (7.15%), Acidobacteria 
(4.04%), Mycobacterium (3.37%), Bacteroidetes (3.36%), 
Actinobacteria (3.06%), Bacillus (1.53%), Lysobacter 
(1.44%), Microlunatus (1.31%), Sinorhizobium (1.27%), 
Skermanella (1.23%), Devosia (1.08%), Microvirga (0.69%), 

Flavobacterium (0.43%), Gaiella (0.35%), and Streptomy-
ces (0.30%) at the Cr level of 250.0 mg·kg−1. Soil Cr levels 
affect soil microbial community changes. With increasing 
the soil Cr content, the proportion of Nitrososphaera and 
Sphingomonas was increased. In contrast, the proportion of 
Nocardioides and Proteobacteria was decreased. MPs doses 
and types affect soil microbial community changes. Com-
pared with CK, with increasing the PE MPs, the propor-
tion of Nitrososphaera and Sphingomonas were increased 
by 6.15 ~ 60.13% and 2.36 ~ 26.28%, respectively. And 
the PBAT MPs were increased by 21.74 ~ 73.91% and 
28.09 ~ 32.49%, respectively. However, in 0.1% PE, 0.1% 
PBAT, and 5% PBAT, Sphingomonas was decreased by 
11.50 ~ 58.32%. Compared with CK, with increasing the 
PE MPs, the proportion of Nocardioides and Proteobacte-
ria were decreased by 18.11 ~ 51.04% and 6.60 ~ 27.44%, 
respectively. And the PBAT MPs were decreased by 
18.76 ~ 53.50% and 7.65 ~ 37.99%, respectively.

Discussion

Effect of microplastics on peanut growth and Cr 
uptake in peanuts under the Cr‑contaminated soil

This study found that PE and PBAT MPs negatively 
affected shoot and root growth of peanut plants. Han et al. 
(2024) showed similar findings that soil MPs could sig-
nificantly inhibit branch growth in terms of biomass and 
length of pak choi. It has been shown that MPs affect soil 
bulkiness, porosity, water-holding capacity, and water-
stabilizing aggregates (de Souza-Machado et al. 2018; Qi 
et al. 2020). This alters the dynamics of soil water storage, 

Fig. 5  Relationship between the soil properties and Cr uptake in peanut plants
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and consequently crop water and nutrient uptake, leading 
to a reduction in biomass accumulation during the plant 
growth stage. Furthermore, compared to nondegradable 
PE MPs, biodegradable PBAT MPs show higher negative 
consequences. Adipic acid, terephthalic acid, and butan-
ediol, which are potential PBAT breakdown products, 
have been demonstrated in earlier research to impede plant 
growth (Liu et al. 2022a; Martin-Closas et al. 2014). The 
toxicity of PBAT breakdown products may be the cause of 
the shoot and root that PBAT MPs generate. Conversely, 
harmful chemicals that support plant growth might not 
have been formed in PE MPs treatments during exposure, 
considering the environmental stability of PE MPs. In this 
study, MPs promoted peanut Cr uptake and accumulation 
and increased soil bioavailable Cr concentration which 
was maximum at 5%. Zhou et al. (2019) reported that MPs 
enhanced plant Cr uptake. This might be because heavy 
metals can absorbed on the high specific surface area of 
PE and PBAT MPs. The accumulated heavy metals can be 
easily released into the solution, which improves the bioa-
vailability of heavy metals and thus enhances Cr uptake by 
peanuts (Zhou et al. 2019). Plant Cr uptake is influenced 
by the interaction between MPs and Cr. The MPs might 
have the adsorption or chelation capacity for soluble heavy 
metals in soil, which might lead to a more notable impact 
on the chemical speciation of heavy metals (Wen et al. 
2022). Meanwhile, microbial communities are affected by 
Cr contamination, which alters the degradation of MPs 
(Cervantes et al. 2001). Root secretions are altered by MPs 
while affecting the soil environment and plant uptake of 
Cr. Previous studies have shown that the content of low-
molecular-weight organic acids in tomato root exudates 

was significantly increased after exposure to MPs (Shi 
et al. 2023). Zhao et al. (2023a, b) found that cinnamon 
soil was affected by MPs increasing the production and 
release of soil metabolites and rhizosphere amino acids, 
which in turn increased the absorption of Cd by maize 
roots (Zhao et al. 2023a, b). Soil physicochemical proper-
ties such as soil pH and organic matter are altered by inter-
root secretions (Yang et al. 2024). Microbial communi-
ties are altered through the soil environment by inter-root 
secretions. The microbial-mediated degradation of MPs is 
influenced by microorganisms, and this may be their secre-
tion of enzymes that catalyzes the cleavage of MP chains 
into monomers. (Yuan et  al. 2020). The enzymes are 
secreted under the control of different microorganisms in 
their coding, while there is a correlation between the deg-
radation of different types of microplastics and the types of 
enzymes (Yuan et al. 2020). Thus, microbial enzymes are 
influenced by microbial community structure, which ulti-
mately affects MPs decomposition (Paramdeep et al.2022). 
The degradation of MPs was affected, which altered their 
surface area and adsorption capacity, and in turn modified 
the bioavailability of soil heavy metals. The effect of PE 
MPs on Cr uptake by peanuts and soil DTPA-extractable 
Cr was greater than that of PBAT MPs. Similar to the 
research of Sun et al (2023), this could be the result of the 
PBAT MPs’ degradation decreasing the amount of heavy 
metal adsorption sites. Meanwhile, PBAT MPs increased 
the water content due to its high water retention in the 
soil (Huang et al. 2024). Salt-based ions in the soil are 
leached or lost with water, soil salt-based saturation and 
buffering properties are reduced, and hydrogen ion satu-
ration is increased, causing a decrease in soil pH. Thus, 

Fig. 6  Effect of different MPs 
types and levels and Cr con-
centrations on the rhizosphere 
bacterial community
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the effectiveness of Cr and the promotion of Cr uptake by 
peanuts were improved.

Effects of microplastics on soil properties 
in Cr‑contaminated soil

Numerous studies showed that MPs affect soil pH through 
a variety of pathways. Studies have indicated that MPs may 
modify the quantity of cations exchanged in the soil and 
permit free proton exchange capacity (CEC) across a wide 
surface area, thereby influencing changes in the pH of the 
soil (Ma et al. 2023b). The CEC content of PBAT MPs was 
higher than that of PE MPs, which was compatible with vari-
ations in soil pH and similar to the findings of this investiga-
tion. Due to PBAT MPs easily degradable characteristics, 
this would result in a larger specific surface area, providing 
better exchange sites and therefore increasing the CEC con-
tent (Zuo et al. 2019). In addition, PE MPs is hydrophobic, 
which improves soil leaching and lowers soil pH, whereas 
PBAT MPs is water absorbent, which weakens the leaching 
effect (Gao et al. 2021). Bioavailable Cr in soil is affected by 
pH, and the lower the pH, the higher the bioavailable state 
Cr content (Shahid et al. 2017). Therefore, in this study, soil 
pH was affected by MPs to alter bioavailable Cr content and 
consequently affect plant uptake of Cr.

MPs significantly increased DOC content, and the incre-
ments of PE MPs treatments were higher than PBAT MPs 
treatments. This is because the dynamic alterations of the 
two MPs to the dissolved organic matter (DOM) in the soil, 
which rely on the imbalance between in situ mineralization 
and the generation of water-soluble organic matter, would 
exert an influence on it (Liu et al. 2017). By incorporating 
MPs, the soil’s stored organic carbon, nitrogen, and phos-
phorus are activated, and the release buildup of nutrients 
into the soil solution is encouraged (Liu et al. 2017; Wang 
et al. 2022b). MPs can affect DOC by lowering soil pH. This 
is because soil pH can change soil properties, and soil prop-
erties affect DOC content (Li et al. 2019; Wang et al. 2022a). 
In addition, as DOC content increased, MBC content also 
increased. This is because MPs can release DOC by act-
ing as organic carbon either directly or through their inter-
mediates (Lee et al. 2020; Rillig et al. 2021). Meanwhile, 
MPs can be changed into soil DOC by soil bacteria (Wang 
et al. 2021d). In contrast, the release of harmful substances 
from PBAT MPs after degradation inhibits microorganisms, 
which in turn reduces soil DOC. Soil Cr mobility, bioavail-
ability, adsorption, and desorption in soil are influenced by 
the presence of soil organisms (Zeng et al. 2011). Organic 
matter usually acts as a carrier of Cr in soil and exhibits 
coupled storage of metal and OM (Quenea et al. 2009), and 
then peanut Cr uptake was influenced.

In this study, PE and PBAT MPs as exogenous substances 
had a greater effect on soil microbial biomass. This may be 
due to the fact that MPs alter the internal porosity of the 
soil, which in turn has an effect on soil aggregates and soil 
water content. This alters soil physicochemical properties 
as well as soil material cycling, which ultimately affects the 
survival of soil microorganisms (Blagodatsky et al. 2000; 
Wang et al. 2023). This suggests that MPs can potentially 
have an indirect impact on soil bacteria by altering soil pH. 
PE MPs provide a more suitable environment for micro-
organisms to survive due to their water absorption, which 
improves microbial decomposition of organic matter and 
increases microbial carbon (Tang et al. 2023). The degrada-
tion of PBAT MPs provided bioavailable carbon for micro-
organisms and increased microbial carbon (Sun et al. 2022; 
Zumstein et al. 2018). Meanwhile, the degradation of MPs 
in soil may induce cycling of other macro- and micronu-
trients (Song et al. 2023b, c). For example, high microbial 
C:N ratios may promote microbial N immobilization and 
enhance MBN (Brown et al. 2022). In this study, MBC and 
MBN were raised by MPs, while MBC was affected by 
PE MPs more than PBAT MPs, and MBN is the opposite. 
This may be due to the difference in the structure of PE 
and PBAT which release different substances under natural 
conditions. In contrast, PBAT MPs releases terephthalic acid 
(TPA), which has an inhibitory effect on microorganisms 
to reduce the total microbial population (Ma et al. 2023a, 
b). However, as PBAT MPs can provide sufficient carbon 
source, it increases the individual C content of microorgan-
isms leading to a high C:N ratio and improving microbial N 
conversion. In addition, the entry of PE and PBAT MPs into 
the soil and the different microbial populations that degrade 
them due to their different compositions also contributed to 
the changes (Liang et al. 2023). Bioavailable Cr is affected 
by soil microorganisms which lead to changes in its form 
and content depending on the microbial population as well 
as the microbial community (Shahid et al. 2017; Song et al. 
2023a; Wani et al. 2022).

Effects of microplastics on the bacterial community 
structure

The bacterial community structure was changed after the 
addition of Cr and MPs in the soil, which was also depended 
on the Cr content, MPs types, and doses. Previous studies 
have found that MPs changed the microbial community 
and had an impact on the genera of microorganisms (Rong 
et al. 2021). This study demonstrated that Sphingomonas 
and Nitrososphaera increased under both PE and PBAT 
MPs treatments, with PBAT MPs which showed a more 
strongly emphasized dominating genera than PE. Due to 
the escalating environmental pressures resulting from eco-
logical alterations such as MPs, microorganisms are obliged 
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to expedite their growth in order to obtain more favorable 
ecological niches (Steinberg 2012). This might be attrib-
uted to the fact that MPs furnish the nutrient environment 
demanded by microorganisms, thereby attracting micro-
organisms and modifying the microbial community (Sun 
et al. 2024). The current study also demonstrated that gly-
colysis and the TCA cycle were disrupted significantly by 
MPs (Yuan et al. 2023). This change might be attributed 
to the plasticizers and other detrimental additives released 
from the biodegradable PBAT MPs, which affect the ulti-
mate carbohydrate metabolic pathways of macromolecular 
organic compounds, such as fatty acids and polysaccharides 
(Yuan et al. 2023). The generation of intracellular energy 
and electrons is influenced by the change of ultimate car-
bohydrate metabolic pathways, thereby resulting in impli-
cations for the growth, reproduction, and functionality of 
microbes (Yuan et al. 2023). Additionally, the amount of 
nitrogen metabolism bacteria increased due to the enhanced 
biodegradability of MPs (Sun et al. 2024). As an important 
dominant group species involved in ammonia oxidation, the 
growth and reproduction of Nitrososphaera are facilitated 
by MPs (Zheng et al. 2021). Huang et al. (2019) disclosed 
that the activities of soil catalase were stimulated by low-
density polyethylene (LDPE) MPs and urease to different 
degrees, altered the composition of the soil bacterial com-
munity, and influenced the soil properties. The results of 
this study indicated that PE and PBAT MPs reduced soil pH. 
Nocardioides grows in neutral and alkaline environments, 
and a decrease in soil pH may force changes in its commu-
nity (Srinivasan et al. 2014; Sultanpuram et al. 2015). The 
inhibition of Proteobacteria is possibly due to the inhibi-
tion of microbial production of soluble microbial product 
and extracellular polymeric substance by MPs (Wang et al. 
2022c). Members of Sphingomonas are commonly related to 
the management of Cr-contaminated soil and the facilitation 
of plant growth (Okazaki et al. 2021; Siddika et al. 2022). 
This might be attributed to a considerable reduction in Cr-
induced oxidative stress through regulating metal-responsive 
reductions and enzymatic antioxidants, thereby reducing 
oxidative stress (Bilal et al. 2018). The chemical components 
in soils could have played an important role in shaping the 
microbial communities in these soils (Cai et al. 2019). Simi-
larly, Nocardioides are considered to be the bacterial spe-
cies which promote plant growth and development (Okazaki 
et al. 2021). The formation of microbial communities and 
their survival activities are affected by soil chemistry in a 
considerable way. However, the effects of Cr contamination 
and MPs on soil physicochemical properties attenuated the 
bacterial promotion of Cr tolerance in peanut. Heavy metal 
Cr and MPs alter the soil microenvironment, and then the 
microbial living environment was changed, which in turn 
altered the microbial community (Li et al. 2017).

Overall, degradable PBAT MPs had greater beneficial 
effects on plant growth and plant Cr uptake than PE MPs, 
through altering soil characteristics and microbiological bac-
terial community structure. Therefore, biodegradable PBAT 
plastic as a substitute for PE plastic has certain practical sig-
nificance, especially in higher Cr content agricultural land. 
However, the products of the degradation process of PBAT 
plastics need to be addressed, mainly including the produc-
tion of MPs as well as other toxic substances that have a 
negative impact on plant growth and soil traits (Ma et al. 
2023a, b). Thus, further research is required in the future, 
particularly in field settings, to fully understand the variabil-
ity in the long-term consequence of biodegradable MPs in 
soil–plant systems. Furthermore, more thorough studies are 
needed to comprehend the intricate molecular mechanisms 
underlying the roles of soil and plant cells.

Conclusions

This study demonstrated that MPs exert significant effects 
on soil characteristics and the bioavailability of Cr, with the 
type and dosage of MPs exhibiting notable influence across 
all Cr levels. Comparatively, biodegradable PBAT MPs dem-
onstrated a less impact on soil traits, plant phytotoxicity, and 
Cr availability when contrasted with PE MPs. RPA results 
underscored the role of MPs in enhancing Cr uptake by alter-
ing soil physical–chemical and microbiological properties. 
While soil pH, MBC, MBN, and soil DTPA-extractable Cr 
are important factors affecting the Cr absorption of peanut, it 
is worth noting that a single factor is rarely the only mecha-
nism affecting the Cr absorption of peanut. Meanwhile, MPs 
and Cr altered the structure of soil microbial community and 
affected Cr uptake by peanut. Given the current knowledge 
gap, further supporting long-term and outdoor tests need to 
be warranted to assess the individual and combined potential 
effects of various MPs in soils contaminated by other pollut-
ants on soil–plant systems.
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