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Original Research  Abstract:

Plastic products are widely used in various fields, but the lack of effective means of recycling

l;iflzlr‘;;d.ZOZ 4 and disposal has led to the spread of plastics in the form of particles throughout the ecosystem.
Revised: To examine the impact of microplastics on saline soils, the study was verified experimentally
20 April 2024 by adding microplastics of different sizes and concentrations to saline soil samples. The results
Accepted: showed that 25 um microplastics decreased the dissolved organic carbon content of organic matter
2 May 2024 saline soil, but had little effect on high organic matter soil samples. On the other hand, 1 mm
Published online: microplastics increased the dissolved organic carbon content of organic matter soil samples; the
30 June 2024 highest organic carbon content was found at a microplastic concentration of 1.92 g/kg. Meanwhile,

microplastics of different sizes increased the microbial amount carbon content of the soil samples,
© The Author(s) 2024 with increases ranging from about 24.3% to 108.9%. In addition, small diameter microplastic

particles increased the rate of organic carbon mineralization in saline soils by up to 38.5%. Large
diameter microplastic particles decreased the rate of organic carbon mineralization by up to 32.2%.
The results demonstrate that the microplastic particle size can indirectly influence the water stability
aggregate content by affecting the soil organic carbon mineralization rate and the soil microbial
biomass and carbon content. This study examines the relationship between microplastics and
soil biochemical processes under the influence of both biological and abiotic factors, which is
of great significance for understanding the potential impact of microplastic pollution on carbon
sequestration.
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1. Introduction

Due to its advantages of low cost, high stability, and insula-
tion, plastics have been employed extensively in many fields
since their invention in the early 20th century. However, it
is also because of the good stability of plastics that it is diffi-
cult to be naturally decomposed, bringing great harm to the
ecological environment. According to Statista’s data, the
global production of plastics grew from 2.2 million tons in
1950 to 42.7 million tons in 2022, a 20-fold increase. How-
ever, less than 40% of plastic products can be effectively
recycled [1-3]. Microplastics (MPs) particles are dispersed
globally through air and water currents. MPs can signifi-
cantly alter the microbial community and the composition

of the soil when they get into it, which could ultimately
have an effect on the stability of the local ecosystem [4-6].
Saline land ecosystems are particularly fragile compared to
other lands. In order to investigate the effects of MPs on
organic carbon mineralization (OCM) and microorganisms
in saline alkali soil, the effects of different concentrations
and sizes of MPs on soil microorganisms and OCM in saline
alkali soil of Cangzhou City, Hebei Province, China were
studied. Its purpose is to provide a foundation for improving
saline ecosystems and MPs management.

The article is divided into four chapters. Chapter 1 is a
literature review, which will give a brief description of the
current research related to soil OCM and MPs. Chapter
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2 will describe the experimental methods and materials.
Chapter 3 will analyze the experimental results of OCM
and microorganisms in saline soils under the effect of MPs.
The last chapter will summarize the full study.

In addition to being a crucial nutrient for plant and micro-
bial growth, soil organic carbon also has a big impact on
soil composition and ecosystem resilience. OCM rates were
influenced by aggregate size and tillage intensity, accord-
ing to research by Wang et al. on the composition and
dynamics of microbial communities in soil aggregates. The
practice of conservation tillage suppressed OCM and re-
duced the abundance of functional genes associated with
unstable carbon decomposition in aggregates [7]. Zhang
and colleagues studied how plant apoplastic matter affected
soil organic matter content. In addition, the results showed
that the highest amount of soil OCM was found in the mow-
ing and sealing areas with the addition of Artemisia coldis
apoplastic matter, which were 3513.25 mg/kg and 2867.55
mg/kg, respectively. It can be concluded that plant apoplas-
tic matter significantly increases the rate of OCM and the
amount of cumulative mineralization of the soil [8]. Zhang
and other scholars addressed the issue of the influence of
soil biochemical properties and organic carbon structure on
OCM by using Illumina sequencing and Fourier transform
infrared spectroscopy of 16S rRNA gene. The findings indi-
cated that the higher aromatic carbon content of Liaodong
oak resulted in a reduction in soil OCM rate. The acidobac-
terial group was found to be associated with recalcitrant
organic carbon structure, whereas ascomycetes and anamor-
phic bacilli were associated with unstable organic carbon
structure, respectively [9]. T4-like phages were used in
tests by Wei et al. to investigate the role of viruses in soil
OCM. The findings of the experiment demonstrated that
CO; efflux from soil rose with bacterial abundance but fell
with the abundance of T4-like phages [10].

MPs is often less than 5 mm in diameter, which makes it
easy to be ingested by organisms and then enter the food
chain, posing a threat to the survival of plants and animals.
Therefore, MPs pollution has attracted much attention in
recent years. Liu et al. investigated how MPs affects the
organic carbon cycle. The results showed that MPs stimu-
lates microbial metabolic pathways in order to accelerate
the biodegradation process of soluble organic matter, and
the transformed soluble organic matter appeared to have low
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bioavailability, high stability, and aromaticity [11]. Xiao
and other scholars studied the effect of MPs on fish lifespan.
The results showed that MPs not only shortened the lifespan
of fish, but also accelerated the development of age-related
biomarkers. At the same time, MPs also induced oxida-
tive stress, leading to liver dysfunction [12]. The question
of how nanobubbles affect the movement of MPs in the
ocean was investigated by Wang et al. The findings demon-
strated that the addition of MPs to nanobubbles increased
the measured mean particle size and concentration in the
presence of nanobubbles [13]. Wang and his team investi-
gated the environmental impact of biofilms formed by MPs
and showed that MPs polymerized into biofilms could ad-
sorb more pollutants than the original plastic, which then
acted as a carrier to introduce the pollutants and attached
microorganisms into aquatic environments and living organ-
isms, resulting in more serious pollution [14]. In summary,
MPs, as a pollution source of great concern, is widely dis-
tributed in the world. However, most of the current research
on MPs focuses on its effects on the environment, plants and
animals, but less on its effects on soil properties. Therefore,
the study analyzed the ecological impacts of MPs from the
perspectives of soil microorganisms and soil organic car-
bon, which provides a strong support for environmental
protection.

2. Experimental materials and method

2.1 Laboratory materials and equipment

The experimental materials included saline soil (from
Cangzhou City, Hebei Province, China, 116°44'3" E
38°144/23" N, average annual temperature 13°C, and
10°C accumulated temperature 4,349°C), polyethylene MPs,
sodium hydroxide solution, barium chloride solution, hy-
drochloric acid, phenolphthalein, chloroform solution. The
experimental equipment included medium-speed qualita-
tive filter paper, constant temperature incubator, granulator,
motorized vibrating sifter, and Aggregates analyzer. The
experimental materials and equipment are shown in Table 1.

2.2 Experimental methods

Soil treatment: Saline soil was collected from O to 20 cm
depth down and residual organisms were removed. The soil
was allowed to air-dry and then screened using a sieve with

Table 1. Experimental materials and equipment.

Name Model/Specification Manufacturer
Polyethylene MPs 1 mm/25 um China Petroleum & Chemical Corporation
Sodium hydroxide solution 0.1 mol/L Self-prepared
Barium chloride solution 1 mol/L Self-prepared
Hydrochloric acid 0.1 mol/L Self-prepared
Phenolphthalein Analytically pure Wauxi Jingke Chemical Co.
Chloroform solution 10%-30% Self-prepared
Medium-speed qualitative filter paper / Beijing Tianlian Harmonious Instrumentation Co., Ltd.
Constant temperature incubator / Shanghai Jiecheng Experimental Instrument Co., Ltd.
Granulator / Qingdao Konil Machinery Equipment Co., Ltd.
Motorized vibrating sifter HY8411 Beijing Zhonghui Tiancheng Science and Technology Co., Ltd.
Aggregates analyzer / Shandong Lainde Intelligent Science and Technology Co., Ltd.
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a diameter of 2 mm. Two groups of soil samples were cre-
ated: a high organic matter soil was created by mixing the
soil samples with organic fertilizer, and a low organic matter
soil was created by leaving the soil samples alone. The pH
and organic matter content of the high organic matter soil
were about 8.2 and 33.9 g/kg, and the content of nitrogen
and effective phosphorus/potassium were about 1.2 g/kg,
9.7 g/kg and 136.7 g/kg, respectively. In addition, the pH
and organic matter content of the low organic matter soil
were about 8.5 and 10.3 g/kg, and the content of nitrogen
and effective phosphorus/potassium were about 0.7 g/kg,
respectively, 7.5 g/kg and 125.5 g/kg, respectively [15-17].
In the experiment, the potted experiment is generally used
to simulate the harm of environmental pollutants to plants,
and it is difficult to plant potted plants with unmodified
saline-alkali soil, so the potted experiment is not conducted
in this study.

MPs treatment: It was cleaned using distilled water and
filtered through medium speed qualitative filter paper, and
finally dried at 30°C.

Cultivation method: A total of 20 treatments were set up,
comprising two particle sizes, five MP concentrations, and
two organic matter levels. Each treatment is repeated three
times, with the exception of the blank control, which is
conducted once. The MPs are to be mixed with two levels
of organic matter in air-dried soil at the aforementioned
concentration. The soil moisture content is then adjusted
to 60% of the field capacity. The soil is then cultivated at
25°C in a constant temperature incubator for one week in
order to activate the soil microorganisms. After the pre-
cultivation period, the soil sample is to be granulated using
a granulator in order to compress it into aggregates with
a diameter of 2.5 mm. The aggregates with added MPs
are to be placed in culture boxes, each containing 2 kg of
aggregates. These are to be sealed with cling film and holes
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for soil respiration are to be drilled. The culture boxes are
then to be placed in a 25°C constant temperature incubator
for 6 months [18, 19]. Moisture should be added every five
days using the weighing method. The soil aggregate mass
and moisture content should be controlled to 25% during
the experiment. The content of water-stable aggregates, mi-
crobial biomass carbon (MBC) content in aggregates, and
mineralization characteristics of organic carbon in aggre-
gates should be sampled and measured during the first, third,
and fifth months of cultivation. The experimental grouping
is shown in Table 2.

Measurement method: The force stabilizing aggregates
were measured by dry sieving method, which was as fol-
lows: Initially, the top layer of the set of sieves had 200 g of
air-dried aggregates soil samples. These were subsequently
sieved using an electric vibrating sifter, and the soil samples
on each layer of the sieve were gathered and weighed for
spares. In addition to the sieve sizes of less than 0.25 mm,
0.25-0.50 mm, 0.50-1.00 mm, 1.00-2.00 mm, 2.00-5.00 mm,
and more than 5 mm, the vibration frequency and duration
were 1400 times/min and 10 min, respectively [20]. The
water-stable aggregates were measured by the wet sieving
method as follows: Firstly, the aggregates were dry sieved,
then 50 g of agglomerate particles were weighed in each
layer and soaked for 20 min, followed by oscillatory sieving,
and the soil samples were collected and placed in an oven
and dried at 105°C. The sieve diameters were 0.25-0.50
mm, 0.50-1.00 mm, 1.00-2.00 mm, and greater than 2 mm.
The formula for calculating the content of force-stable and
water-stable aggregates is shown in Eq. (1).

DM
DRy 5 = =545 o
WRg 25 = 5702

In Eq. (1), DRy .25 and WR »5 represent the content of force-
stabilized and water-stabilized aggregates with diameters

Table 2. The experimental grouping situation.

Number Organic matter level Microplastic concentration (g/kg)  Microplastic diameter
Control group No organic matter 0.00 /
LPP 1 0.06 25 um
LPP 2 0.64 25 um
LPP 3 1.92 25 um
LPP 4 3.20 25 um
LPP 5 Low organic matter levels 6.40 25 um
LGP 1 0.06 1 mm
LGP 2 0.64 1 mm
LGP 3 1.92 1 mm
LGP 4 3.20 1 mm
LGP 5 6.40 1 mm
HPP 1 0.06 25 um
HPP 2 0.64 25 um
HPP 3 1.92 25 um
HPP 4 3.20 25 um
HPP 5 High organic matter levels 6.40 25 um
HGP 1 0.06 1 mm
HGP2 0.64 1 mm
HGP 3 1.92 1 mm
HGP 4 3.20 1 mm
HGP 5 6.40 1 mm
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greater than 0.25 mm, respectively. DMr( 25 and WMr( 5
denote the weight of force-stabilized and water-stabilized
aggregates with diameters greater than 0.25 mm, respec-
tively. Mr denotes the total weight of aggregates. The for-
mula for calculating the degree of agglomerate destruction
is shown in Eq. (2).

_ DRoas —WRo2s
DRy 25

PAD x 100% )

In Eq. (2), PAD represents the degree of destruction of
aggregates. The average weight diameter of aggregates is
calculated in Eq. (3).

MWD =Y xo; (3)
i=1

In Eq. (3), MWD denotes the average weight diameter of
the aggregates, x; denotes the average diameter of the ith
aggregates particle. w; represents the percentage of mass of
the ith aggregates particle.

The OCM rate was measured by the slurry absorption
method by first weighing 50 g of the soil sample and plac-
ing it in an incubation bottle, followed by adding 5 ml of
sodium hydroxide solution (0.1 mol/L) to the beaker and
placing the beaker slowly on the soil. The culture flask
was then sealed using cling film and sealing film. For 35
days, the sealed culture flasks were cultured at 25°C in an
incubator maintained at a constant temperature. Water was
replenished regularly during the incubation period. On the
1st, 3rd, 6th, 9th, 16th, 21st and 35th days after incubation,
the beaker was removed and the solution was transferred
to a conical flask and the beaker was washed with distilled
water. Following the addition of phenolphthalein and 2
milliliters of barium chloride solution (1 mol/L), the solu-
tion was titrated with hydrochloric acid (0.1 mol/L) until the
red hue vanished, at which point the quantity of hydrochlo-
ric acid used was noted. At the same time, fresh sodium
hydroxide solution was added to the beaker [21, 22]. Based
on the hydrochloric acid consumption, the amount of car-
bon dioxide released from the soil samples was calculated.
Soil microbial content was then measured using chloroform
fumigation method. Soil MBC was calculated as shown in
Eq. 4).

Ec

MBC = Ko 4

i —— Control group
—4— LPP3

LPP1_ @ LPP2
—~@— LPP4—4— LPP5

MWD /mm

0 1 1 1

3
Culture time /Month
(a) Low organic matter levels
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In Eq. (4), MBC denotes the soil MBC content, and Ec
denotes the difference between the organic carbon extracted
by fumigation and the organic carbon not extracted. Kc

represents the conversion coefficient, which takes the value
of 0.45.

3. Effect of microplastics on saline soil
properties

The soil aggregate stability, microbiological content, and
OCM of MPs were examined in order to examine its impact
on saline soils.

3.1 The effect of microplastics on soil aggregates

The effect of MPs on the average weight diameter of force
stabilized aggregates at different organic matter levels is
shown in Fig. 1.

The average weight diameter of the aggregates in the PP
1 group increased by roughly 16.2% when compared to
the control group in Fig. 1(a), where the average weight
diameter of the aggregates at the early stage of incubation
gradually decreased with the increase of MPs concentration
at low organic matter level. The mean weight diameter
of the aggregates reduced as the MPs concentration grew
throughout the later stages of incubation and subsequently
increased again. By the fifth month, the MPs-added soil
samples’ average weight diameter of aggregates had de-
creased by at least 8.3% compared to the control group’s.
In Fig. 1(b), the mean weight diameter of aggregates in the
control soil samples was consistently larger than that of the
MPs-added soil samples at high organic matter levels, and
the difference gradually increased over time. At month 5,
the average weight diameter of aggregates of MPs-added
soil samples were all at least 14.3% lower compared to
the control group. These results indicate that MPs reduced
the average weight diameter of aggregates in saline soils
regardless of the organic matter level. The effect of MPs
concentration on the degree of disruption of soil aggregates
is shown in Fig. 2.

In Fig. 2(a), at low organic matter level, when MPs content
does not exceed 0.06 g/kg, it decreased the degree of de-
struction of soil aggregates by up to 15.7%. Whereas, when
MPs content exceeds 0.64 g/kg, it increased the degree of
destruction of soil aggregates to some extent. At the Sth
month, MPs at a concentration of 0.64 g/kg had the greatest

7 + —4— Control group
—@— HPP3 -

HPP1
HPP4

@ HPR2
—4— HPP5

MWD /mm

3
Culture time /Month
(b) High organic matter levels

Figure 1. Average weight diameter of the force-stabilizing aggregates at different microplastic concentrations.

2228-5970[https://dx.doi.org/10.57647/}.ijic.2024.1502.13]


https://dx.doi.org/10.57647/j.ijic.2024.1502.13

Liu et al.

IJIC18 (2024) -152413  5/10

—— Control group PPl —@- PP2 —&— Control group PP 1+OR —@— PP 2+OR
100+ - 100} £
4 PP3 ~@-PP4 —4— PPS ~#- PP3+OR  _g pp 4+OR—4— PP 5+OR
80+ 80+
S?-
£ of < ol
2 =
&~ 40t = a0}
20t 20k
1 1 1 1 1 1
0 1 3 5 0 1 5

Culture time /Month

(a) Low organic matter levels

Culture time /Month

(b) High organic matter levels

Figure 2. Effect of microplastic concentration on the destruction degree of soil aggregates.

effect on the degree of destruction of soil aggregates, in-
creasing it by about 32.7%. In Figure. 2(b), a small amount
of MPs also reduced the degree of soil aggregate destruc-
tion at high organic matter levels. At month 5, only MPs
at concentrations of 0.64 g/kg and 6.40 g/kg increased the
degree of soil aggregate destruction by 10.5% and 7.1%,
respectively. The above results indicated that MPs would
increase the degree of soil aggregate destruction to some
extent. The effect of different diameters of MPs on low
organic matter soil aggregates is shown in Fig. 3.

In Fig. 3(a), in the fifth month of cultivation, the degree
of aggregate damage of soil samples with added MP par-
ticles with a diameter of 25 um has basically increased.

—— Control group LPP1 @ LPP2

100} —¢— LPP3 ~@- LPP4 —4— LPPS
so} ;
< 6ot :\:
> =
<
= 40}
20}
0 1 1 1
1 5

Culture time /Month

(a) Microplastic diameter 25 um

PAD /%

In Figure. 3(b), during the cultivation process, the degree
of aggregate damage in the soil sample with the addition
of MP particles with a diameter of 1 mm was consistently
higher than that of the control group, with a maximum in-
crease of 27.8%. The above results indicated that in low
organic matter saline alkali soil, MP particles of different
diameters can improve the degree of aggregate destruction
to a certain extent. The effect of different MPs diameters on
high organic matter soil aggregates is shown in Fig. 4.

In Fig. 4(a), the agglomerate disruption of soil samples
spiked with MPs particles with a diameter of 25 um was
significantly higher at concentrations of 0.64 g/kg and 6.40
g/kg during the Sth month of incubation. The remaining

—&— Control group
—— LGP3

LGPl —@- LGP2
100 F ~@—-LGP4 —4— LGP5
80

60

40}

0 L L 1

Culture time /Month

(b) Microplastic diameter 1 mm

Figure 3. Effects of different microplastic diameters on low organic matter soil aggregates.
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100} o HPP3 ~@ HPP4 —4— HPPS
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£ 60} e — — @ % $
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-
& 40}
20t
0 L . n
1 3 5

Culture time /Month
(a) Microplastic diameter 25 um

—&— Control group HGP1 —@— HGP2

100

—&— HGP3 ~@- HGP4 —4— HGP5
80
2 6 %
[}
T
= 40
20F
L 1 1
0 1 3 5

Culture time Month
(b) Microplastic diameter 1 mm

Figure 4. Effects of different microplastic diameters on high organic matter soil aggregates.
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soil samples showed little change compared to the con-
trol. The agglomeration disruption of soil samples con-
taining MPs particles with a diameter of 1 mm was con-
sistently lower—by as much as 24.3%—than that of the
control group throughout the incubation period, as shown
in Fig. 4(b). The above results suggested that in high or-
ganic matter saline soils, small-diameter MPs particles may
increase the degree of soil agglomerate destruction, while
large-diameter MPs particles may reduce the degree of ag-
glomerate destruction to some extent.

3.2 The effect of microplastics on soluble organic car-
bon

The effect of MPs on dissolved organic carbon (DOC) at
low organic matter level is shown in Fig. 5.

When MPs had a diameter of 25 um, as shown in Fig. 5(a),
the DOC content at the start of the culture rose as MPs con-
centration increased. Additionally, following three months
of culture, all groups’ DOC content dramatically dropped.
Furthermore, at five months of incubation, all experimen-
tal groups’ DOC content dropped considerably—down to
40.2%—when compared to the control group. In Fig. 5(b),
in the low organic matter environment, when the diameter
of MPs was 1 mm, the change of DOC content was not
obvious at the early stage of incubation. After 5 months of
incubation, only 0.06 g/kg and 1.92 g/kg concentrations of
MPs had significant effects on DOC content. The above
results indicated that in saline soils with low organic matter
levels, small diameter MPs particles significantly reduced
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the DOC content of the soil. The effect of MPs on DOC at
high organic matter level is shown in Fig. 6.

In Fig. 6(a), when the MPs diameter was 25 um, at the early
stage of incubation, the DOC content of all experimental
groups, except the experimental group with MPs concentra-
tion of 0.06 g/kg, was slightly higher than that of the control
group. With the exception of the experimental group, which
had a MPs concentration of 3.20 g/kg, all groups’ DOC
content was lower after three months of incubation than
that of the control group. Additionally, there wasn’t much
of a difference between the groups’ DOC contents after
five months of incubation. At the early stage of culture,
there was minimal variation in the DOC content between
the experimental and control groups in Fig. 6(b), when the
diameter of MPs was 1 mm. In addition, after 5 months of
culture, with the increase of MPs concentration, the DOC
content increased and then decreased. The highest DOC
content of 23.4 mg/kg was observed when the MPs con-
centration was 1.92 g/kg. The aforementioned findings
showed that in high organic matter saline soils, the concen-
tration of large-diameter MPs particles first increased and
subsequently decreased the DOC content.

3.3 Microplastics affecting microbial biomass carbon in
soil samples

The effect of MPs on MBC in low organic matter soil sam-
ples is shown in Fig. 7.

In Fig. 7(a), in the low organic matter soil samples, the
MBC content at the beginning of incubation decreased and

20 —— Control group LPP1 @ LPP2 20¢ —— Control group LGP1—@- LGP2
- LPP3 @ LPP4—4— LPPS @ LGP3 @ LGP4—4— LGPS
216 216t
Sy E)
g =)
1L o1
5 12 2 12
= 2
sy et
= =
& 2
5 E
3 4t sS4t
0 1 1 1 0 1 1 1

1 3
Culture time /Month

tn

(a) Microplastic diameter 25 um
Note: DOC represents dissolved organic carbon

1 3 5
Culture time /Month

(b) Microplastic diameter 1 mm

Figure 5. Effect of microplastics on dissolved organic carbon at low organic matter levels.
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Figure 6. Effect of microplastics on dissolved organic carbon at high organic matter levels.
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Figure 7. Effect of microplastics on microbial biomass carbon in low organic matter soil samples.

then increased with the increase of 25 um MPs concentra-
tion. After 5 months of incubation, the MBC content was
only higher in PP 1 and PP 4 groups than in the control
group. The MBC content of the experimental groups was
higher than that of the control group in Fig. 7(b), when the
diameter of MPs was 1 mm, and it initially declined and
subsequently increased with an increase in concentration.
Following five months of culture, the experimental groups’
MBC contents exceeded those of the control group and es-
sentially rose as the concentration of MPs grew. The MBC
content was 17.5 mg/kg at a MPs concentration of 6.40 g/kg.
The above results indicated that in low organic matter saline
soils, small diameter MPs particles have a significant effect
on MBC content in relation to its concentration. While large
diameter MPs particles increase the MBC content of saline
soil. The effect of MPs on MBC in high organic matter soil
samples is shown in Fig. 8.

In Fig. 8(a), the addition of 25 um of MPs at the start of the
incubation period dramatically decreased the MBC content
of the soil in high organic matter soil samples; nevertheless,
the MBC content rose as the MPs concentration increased.
Following five months of incubation, each experimental
group’s MBC content exceeded that of the control group
and essentially rose as the concentration of MPs increased.
When the MPs concentration was 6.40 g/kg, the MBC con-
tent was 28.3 mg/kg. In Fig. 8(b), MPs particles with a
diameter of 1 mm had little effect on the MBC content
at the early stage of culture. Each experimental group’s
MBC content rose dramatically after five months of incu-

—— Control group
—— HPP3

HPP 1
@& HPP4

-1
=
T

HPP 2
HPP 5

.
——

h (=)
= (=]
T T

[ )
(=] (=]
T
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T

Microbial biomass carbon (mg/k g)
B
=}

=

1 3 5
Culture time /Month

(a) Microplastic diameter 25 um

bation when compared to the control group; the increase
was higher in the groups with higher MPs concentrations.
It can be seen that in high organic matter saline soil, MPs
will increase the MBC content in soil.

3.4 The effect of microplastics on soil organic carbon
mineralization

The effect of MPs on the OCM rate of low organic matter
soil samples is shown in Fig. 9.

In Fig. 9(a), at low organic matter levels, the OCM rates
of the experimental groups were all significantly increased
with the addition of MPs particles with a diameter of 25 um
compared to the control group. Among them, the greatest
OCM rate enhancement was observed at MPs concentration
of 6.40 g/kg, which increased by about 38.5%. In Fig. 9(b),
when the MPs diameter was 1 mm, the OCM rates of all
experimental groups except the GP 1 group decreased com-
pared to the control group. The greatest decrease in min-
eralization rate was observed when the concentration was
3.20 g/kg, which decreased by about 31.1%. The effect of
MPs on the OCM rate of high organic matter soil samples
is shown in Fig. 10.

In Fig. 10(a), at high organic matter levels, the OCM rates
of the experimental groups all increased significantly after
the addition of MPs particles with a diameter of 25 um.
Among them, when the MPs concentration was 3.20 g/kg,
the mineralization rate increased the most, by about 15.9%.
In Fig. 10(b), when the MPs diameter was 1 mm, the OCM
rates of the soil samples in the experimental group were
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Figure 8. Effect of microplastics on microbial biomass carbon in high organic matter soil samples.
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Figure 9. Effect of microplastics on the mineralization rate of organic carbon in low organic matter soil samples.
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Figure 10. Effect of microplastics on the mineralization rate of organic carbon in high organic matter soil samples.

all reduced compared to the control group. The greatest
decrease was observed when the MPs concentration was
0.64 g/kg, which decreased by about 33.2%. The above
results indicated that small-diameter MPs particles increase
the OCM rate of soil in both high and low organic matter
saline soils, while large-diameter MPs particles decrease
the OCM rate. Fig. 11 displays the total amount of OCM in
low organic matter soil samples.

With the exception of the PP 3 group, all experimental
groups showed cumulative OCM greater than that of the
control group when the MPs diameter was 25 um, as shown
in Fig. 11(a). When the MPs concentration was 0.64 g/kg,
the maximum cumulative mineralization of organic carbon
was recorded among them, at 700 mg/kg. Only the GP 1 and

800
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600 |
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300 H
200 H
100

Acaimulated mineralization(mg/kg)

GP 5 groups’ cumulative mineralization of organic carbon
was higher than the control group’s in Fig. 11(b), when the
MPs diameter was 1 mm. The highest cumulative OCM of
650 mg/kg was found in GP 5. The cumulative OCM of
high organic matter soil samples is shown in Fig. 12.

In Fig. 12(a), MPs particles with a diameter of 25 um had
little effect on the cumulative OCM in a high organic mat-
ter saline soil. However, when the MPs concentration was
higher, the OCM accumulation was slightly elevated. When
the MPs diameter was 1 mm, as shown in Fig. 12(b), the
cumulative mineralization of organic carbon in each experi-
mental group was less than that of the control group. Ad-
ditionally, the cumulative mineralization of organic carbon
first dropped and subsequently increased as the concentra-
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Figure 11. Accumulation of organic carbon mineralization in low organic matter soil samples.
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Figure 12. Accumulation of organic carbon mineralization in high organic matter soil samples.

tion of MPs increased. The minimum cumulative mineral-
ization of organic carbon was 1273 mg/kg at a concentration
of 0.64 g/kg. This indicated that the large diameter MPs
particles would decrease the cumulative mineralization of
organic carbon in soils with high levels of organic matter
salinity.

4. Conclusion

The accumulation of plastic in the natural environment has
a significant impact on the environment. This study aimed
to investigate the effects of MPs on microorganisms and
OCM in saline soil by conducting experimental verification.
Therefore, to investigate the effect of MPs on microorgan-
isms and OCM in saline soil, the study was conducted to
experimentally validate. The experimental results indicated
that in low organic matter saline soil, MPs can reduce the
stability of soil aggregates to a certain extent. This reduction
was closely related to the concentration of MPs. In addition,
MPs also reduced the DOC content in low organic matter
saline soil and increased the MBC content. MP particles
with a diameter of Imm had a more significant enhancement
effect on MBC. With regard to the OCM rate, the 25 um
MPs particles exhibited a 38.5% increase in the mineraliza-
tion rate of low organic matter saline soil. Conversely, the
Imm MPs particles demonstrated a 31.1% reduction in the
mineralization rate. In high organic matter saline soil, the
large-diameter MPs particles exhibited a capacity to miti-
gate the damage to soil aggregates to a certain extent and
a notable increase in the DOC content. The DOC content
demonstrated a first increase and then a subsequent decrease
with the increase in concentration. With regard to the OCM
rate, it can be observed that small-diameter MPs will in-
crease the mineralization rate, while large-diameter MPs
will decrease the mineralization rate. The results indicate
that MPs can increase the microbial population of saline
soil. The effect is more pronounced in larger particles. MPs
can become a potential carbon source in the soil environ-
ment after entering the soil, but they cannot be immediately
utilized. Therefore, MPs entering the soil can interfere with
the measurement results when measuring organic carbon
and other indicators in agricultural soil. Consequently, it
is imperative to refine the methodology for quantifying or-
ganic matter in soil containing MPs, which can eliminate
the confounding influence of the carbon content of MPs on
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