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Abstract  Presently, microplastic pollution has 
emerged as a growing environmental risk around the 
world. Nevertheless, knowledge of the occurrence 
and characteristics of microplastics in tropical agri-
cultural soil is limited. This study investigated the 
pollution of surface soil microplastics in two agri-
cultural farms located at Klang Valley, Malaysia. An 
extraction method based on density separation by 
using saturated extraction solution (sodium sulfate, 
ρ = 2 g cm−3 and sucrose, ρ = 1.59 g cm−3 with a 
ratio 1:1, v/v) was carried out. The study revealed the 
mean particle size of soil microplastics with 3260.76 
± 880.38 μm in farm A and 2822.31 ± 408.48 μm 

in farm B. The dominant types of soil microplas-
tics were fragments and films with major colors of 
white (59%) and transparent (28%) in farm A, while 
black (52%) and white (37.6%) in farm B. Repre-
sentatives of soil microplastics detected polymers of 
polyvinyl chloride (PVC), high density polyethylene 
(HDPE), polycarbonate (PC), and polystyrene (PS). 
The sources of plastic products were black and white 
plastic pipes, black plastic films for vegetation, ferti-
lizer bottles, plastic water containers and polystyrene 
storage boxes, and the breakdown processes, contrib-
uted to the microplastic pollution in these farms. The 
outcomes of this study will establish a better under-
standing of microplastic pollution in tropical agricul-
tural soil in the Southeast Asian region. The findings 
would be beneficial as supportive reference for the 
endeavor to reduce microplastic pollution in agricul-
tural soil.
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Introduction

World production of plastics has tremendously 
increased and is predicted to be four times by 2050, 
with 8.4% yearly growth rate (Geyer et  al., 2017; 
Plastics Europe, 2021; Ritchie & Roser, 2020; Suaria 
et al., 2016). Currently, plastic contamination is a sig-
nificant factor contributing to the universal decrease 
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of biodiversity and poses a huge threat to the viabil-
ity of the global system and human health (Cárdenas-
Alcaide et  al., 2022; Fan et  al., 2022; Kumar et  al., 
2022). Although plastics have a low degradation rate 
due to their high durability, in due course, plastics 
progressively break down into smaller particles and 
are classified based on size as macroplastics (> 2 
cm), mesoplastics (5 mm–2 cm), microplastics (< 5 
mm), and nanoplastics (< 1 mm) (Afrin et al., 2020; 
Allen et al., 2022; Neves et al., 2022). Research has 
reported that soil serves as a precursory medium of 
microplastics, which, over time, is degraded further 
or is repeatedly remobilized (Huo et al., 2022; Liwar-
ska-Bizukojc, 2021; Zhang, Jin, et  al., 2022). The 
small size and toxicity of plasticizers and additives 
in plastic materials raise caution on potential nega-
tive impacts on the terrestrial ecosystem (Ainali et al., 
2022; Tong et al., 2022; Wu et al., 2021). The risks of 
microplastic pollution in terrestrial ecosystems have 
initiated research on the repercussions of microplastic 
contamination on land, including agricultural crops 
(Li et al., 2020). Typically, after crops are harvested, 
plastic materials, such as films are abandoned on 
the farms, leading to degradation into microplastics 
which induces a change in physicochemical attributes 
of the soil (Lian et al., 2020; Qi et al., 2020).

To date, studies on microplastics in agricultural soil 
have mostly been carried out in temperate and subtrop-
ical regions, such as south China and southeast South 
America (Pérez-Reverón et  al., 2022; Truong et  al., 
2021). A recent study by Sa’adu and Farsang (2023), 
reported that although 60% of studies on microplas-
tics contamination in agricultural soils have been con-
ducted in Asia; however, most studies were conducted 
in China and Japan. Additionally, current studies in 
China have discovered microplastics in agricultural 
soil and vegetable farmlands with an abundance of 
50–12,560 items/kg (Chen et  al., 2020a; Wang et  al., 
2022; Xu et  al., 2022; Zhang, Zhang, et  al., 2022). 
Meanwhile, in Malaysia, till date, only a study by 
Praveena et al. (2023), has investigated the occurrence 
of microplastics in agricultural soil in Malaysia, indi-
cating a wide gap in research on terrestrial microplas-
tics, hence, requiring more focus on agricultural micro-
plastics in Malaysian soil. On the other hand, previous 
studies have mainly emphasized on the abundance 
and composition of microplastic types in marine and 
freshwater environments in Malaysia (Amelia et  al., 
2020; Ibrahim et al., 2022; Karami et al., 2016, 2017; 

Karbalaei et  al., 2019; Khalik et  al., 2018; Md Amin 
et  al., 2020; Pariatamby et  al., 2020; Sarijan et  al., 
2018; Yang Hwi et al., 2020). On the other hand, with 
the use of agricultural plastics in the Southeast Asian 
region at 4.1 million tons in 2018 and is expected to 
increase to 7 million tons by 2030, plastic films is the 
largest contributor to agricultural plastics; and the 
abundance of it is expected to rise due to increasing 
quantities of greenhouses, greater reliance on mulch-
ing activities, and wider usage of plastic products 
(FAO, 2021; Sintim & Flury, 2017). However, stud-
ies on especially microplastic occurrence pertaining to 
agricultural soil in the tropical Southeast Asian region, 
including Malaysia, are still insufficient and remain 
ambiguous, leading to the scarcity of information, not 
only on the impacts of plastics usage but also on the 
potential sources of microplastics (Babel et al., 2022; 
Henseler et al., 2019).

The sources of microplastics in agricultural soil are 
wide and varied and consistently cause accumulation 
of microplastics in the soil (Chen et al., 2020a; Zhang, 
Lykaki, et al., 2022). These sources possibly originate 
from plastic products, such as fertilizer bags and plas-
tic films, shade nets, vinyl tunnels, and sludge or com-
post utilization (Afrin et  al., 2020; Bläsing & Ame-
lung, 2018; Hurley & Nizzetto, 2018; Liu, Li, et  al., 
2022). The major plastic source that contributes to the 
highest quantity of agricultural microplastics is plas-
tic films, comprising greenhouse films (3.5 million 
tons), mulch films (2.5 million tons), and silage films 
(1.4 million tons) (FAO, 2021). Plastic films, which 
are used in agricultural soil to control soil temperature 
and moisture, reduce soil nutrient loss, prevent soil 
erosion, and improve water use efficiency, will eventu-
ally degrade into diverse fragments (Gao et al., 2019; 
Kader et al., 2019). In contrast, the source of fiber par-
ticles includes synthetic fabrics, such as nylon and pol-
yester, nylon nets, string, ropes, cables, and fiber resi-
due in irrigation waters (Geyer et al., 2022; Priyanka 
& Govindarajulu, 2023; Zhang, Wang, et  al., 2022). 
Qi et  al. (2020) reported that among the abundance 
of soil microplastics, particles of polyethylene (PE), 
polypropylene (PP), polyethylene terephthalate (PET), 
and polyvinyl chloride (PVC) were predominant. This 
is due to the slow breakdown of the polymers, owing 
to the addition of plasticizers to soften the plastics, 
usage of antioxidants, and flame retardants in plas-
tic products to prevent the degradation process in an 
outdoor environment (Rawtani et al., 2023). However, 
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the tropical region has environmental factors, such as 
daily high temperature of 33 °C and ultraviolet radia-
tion of an index of 14, which increase the possibility 
of speeding up the breakdown of the polymers. There-
fore, plastic product is likely degraded, which contrib-
utes to the abundance of tropical agricultural soil.

This study aims to elucidate the occurrence, charac-
teristics (particle size, color, and shape), and polymer 
identification of microplastics in vegetable farmlands; 
to provide an insight into possible sources of micro-
plastic pollution in vegetable farmlands; and to com-
pare the outcomes of this study with other related stud-
ies. The findings of this study will broaden the present 
knowledge and understanding of microplastic pollution 
in vegetable farmlands, particularly in the tropical ter-
restrial environments in the Southeast Asian region, 
specifically in Malaysia. The research data would be 
an additional reference for the cutback and mitigation 
of sources and occurrence of microplastics in agricul-
tural soil. The study of microplastics in agricultural 
soil includes monitoring the occurrence and types of 
microplastics in soil, which in due time, enables under-
standing of the effectiveness of contamination control 
and waste management methods. Apart from that, 
conveying the findings to the community such as the 

public, farmers and shareholders increases awareness 
on the effects of microplastics in agricultural soil.

Materials and methods

Site description

In this study, two vegetable farmlands were identified 
in Semenyih (Farm A) and Puchong (Farm B), both 
located in Klang Valley, Selangor (Fig. 1). Selangor 
is a state in central Malaysia with a tropical climate 
with an average daily high temperature of 33 °C and 
annual ultraviolet radiation index of 14. The state 
is responsible for around 75% of the total vegetable 
production in Malaysia. Besides, both farms plant 
various types of vegetation for the local market and 
export to other countries.

Farm A which was established since 2017, is 
located on high grounds in Semenyih with limited 
land area and structured rectangular vegetable plots. 
Therefore, as the farm is based in highlands, there is 
limited exposure to tropical high temperatures and 
ultraviolet radiation. Furthermore, there is limited 
movement of people and no vehicle movement. Soil 
preparation in vegetable plots, planting seedlings and 
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Fig. 1   A regional map of Malaysia (a); Selangor (b); sampling sites in Puchong (c); and sampling sites in Semenyih (d)
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harvesting is the main operational activities on farm 
A. Plastics on farm A (Fig. S1) were large white pipes 
used to produce nitrogen-infused water for vegeta-
tion, while smaller black pipes provided water to the 
vegetable plots. Moreover, some vegetation plots have 
white plastic frameworks supporting, black plastic 
netting, and transparent covers to protect the vegeta-
tion from high temperatures and direct sunlight. Plas-
tic drums and trays were used for storage purposes. 
After the harvest of its vegetation, the young farm 
cleans up the utilized soil by removing unwanted 
plant stems, roots, and weed as well as foreign mate-
rials such as plastic particles. Although there is initia-
tive to restore the soil health, however, the farm still 
practices minimal usage of plastic materials to avoid 
contamination. Furthermore, wastes such as the plas-
tic materials used in operational activities are man-
aged and disposed in an appropriate manner. Addi-
tionally, it is assumed that the breakdown of plastic 
materials present in the farm to microplastics takes a 
longer duration as the farm is still newly established 
with minimal exposure to weathering and atmos-
pheric deposition due to limited movement of people 
and vehicles.

On the other hand, farm B was established and 
operational for the last 35 years. It is situated on flat 
low grounds in Puchong and is more of a typical tra-
ditional farming on a large farm area. The farm is 
well organized with defined rows of vegetation. How-
ever, the farm is vastly open and is greatly exposed 
to high temperatures and ultraviolet radiation. Farm 
B has an active movement of people who work there. 
Additionally, some vehicle movement is present due 
to roads located nearby the farm. Agricultural activi-
ties, such as soil plowing, seeding, cultivation, weed-
ing, and harvesting are constantly carried out on the 
farm. Major sources of plastic products on the farm 
(Fig.  S2) are black plastic films for cultivating veg-
etation, fertilizer bottles and plastic water contain-
ers, polystyrene storage boxes, plastic bags, and 
plastic wastes. In order to prevent soil erosion due to 
rain and other operational activities, the black plas-
tic bags and films are vastly used for seedlings and 
sprouting vegetation. Apart from that, wastes espe-
cially plastic materials from operational activities are 
typically disposed in a nearby area on the farm itself. 
Due to heavy weathering, vast movement of humans 
and vehicles, including the long-term environmental 

effects of the age-old established farm, there is pos-
sibility of small microplastics particles being present 
on the farm.

Summary of methodology

The flowchart of the methodology for detection and 
identification of microplastics in soil is presented in 
Fig. 2. It includes sample preparation, determination 
of soil chemical properties, extraction of surface soil

Sampling

The surface agricultural soil samples were obtained 
from 40 different locations, with 20 locations from 
each farm, respectively. One surface soil sample was 
collected from each location, providing a total of 20 
surface soil samples from each farm. The surface soil 
samples were collected at a depth of 20 cm in an area 
of 20 × 20 cm2 using a stainless-steel shovel. About 
1 kg of soil samples were collected and packed indi-
vidually in a box lined with aluminum foil for each 
sampling site. Large visible foreign particles were 
removed from the soil and air-dried for 7 days. These 
surface soil samples were homogenized with a mor-
tar and pestle and sieved with a 5-mm stainless steel 
sieve.

Determination of soil chemical properties

The pH levels of the agricultural surface soil samples 
were determined by mixing 10 g of soil sample with 20 
ml of deionized water, sealed with aluminum foil and 
left to stand. After 30 min, the pH of the soil was meas-
ured by using a calibrated pH meter (Thermo Scientific 
Eutech pH 450, USA). Meanwhile, the content of soil 
organic matter was determined through oxidation by 
adding 20 g of surface soil sample to 100 ml of Fen-
ton’s reagent (50 ml of Ferrous catalyst solution and 50 
ml of 30% hydrogen peroxide solution adjusted to pH 
3) in a fume hood for 12 h at room temperature. A 100-
mm filter paper (Whatman No.1) was weighed prior 
to the filtration process. The digested surface soil was 
then filtered with the same filter paper and glass fun-
nel. The filtered surface soil was left overnight to air-
dry. After 24 h, the dried filter paper containing the fil-
tered surface soil was weighed. The content of surface 
soil organic matter was determined through digestion 
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efficiency with following calculations (Mbachu et  al., 
2021; Prihandari et al., 2021).

Wi is the initial weight of soil
Wa is the weight of dry filter paper after filtration
Wb is the weight of dry filter paper before filtration

Digestion eff iciency (%), =
Wi-(Wa-Wb) × 100

Wi

Extraction of soil microplastics through density 
separation

At room temperature, 50 g of sieved surface soil sam-
ple was treated with 100 mL of Fenton’s reagent for 
12 h to digest organic matter. After filtration, the soil 
sample was placed in a glass beaker with 100 mL of 
saturated extraction solution (sodium sulfate, ρ = 2 g 

Fig. 2   Methodology for the 
detection and identification 
of microplastics in agricul-
tural surface soil

Organic matter of agricultural surface soil samples was digested through oxidation 

using Fenton’s reagent for 12 h at RT and filtered prior to extraction 

Extraction of agricultural surface soil microplastics with saturated density separation 

solution (sodium sulphate, ρ = 2 g cm-3 and sucrose, ρ = 1.59 g cm-3 with a ratio 1:1 

v/v).50g of agricultural surface soil sample + 100 ml of density separation solution. 

Soil suspension with density separation solution was stirred with magnetic stirrer for 

30 min at RT 

Soil suspension was shaken at 150 rpm using orbital shaker at RT for 2 hr and after 

that allowed to settle for 24 h at RT

Recovery of floated microplastics from soil suspension through filtration, rinsed and 

air-dried in a contained environment 

Identification of extracted agricultural surface soil microplastics based on percentage 

recovery and morphological characteristics (shape, color, surface texture) were observed 

using compound microscope (CHK2-F-GS, Olympus, Japan) with a magnification of 

40x and photographed

Composition of the plastic polymers were analysed using Attenuated Total Reflectance -

Fourier Transform infraRed (ATR-FTIR) spectroscopy 

Prepared agricultural surface soil samples were tested for pH levels and organic matter 

composition. Digestion (oxidation) of soil organic matter using Fenton’s reagent for 12 

h at RT, filtered and analysed

Particle size was determined using the same photos and Image J 1.53 

(http://imagej.nih.gov), an open-source particle analysis software

Agricultural surface soil samples from Farm A and Farm B were collected within 20 

cm3 depth, air dried for 7 days, homogenized, sieved 

Sample 

preparation

Determination 

of soil chemical 

properties

Extraction of 

surface soil 

microplastics 

through density 

separation

Identification & 

quantification 

of surface soil 

microplastics
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cm−3 and sucrose, ρ = 1.59 g cm−3 with a ratio 1:1 
v/v). The suspension was stirred with a magnetic stir-
rer (Heidolph, Germany) for 30 min and then shaken 
for 2 h at 150 rpm with an orbital shaker (Boeco, 
Germany). The glass beaker with soil sample was 
sealed with aluminum foil and left to stand at room 
temperature for 24 h. After density separation, the 
floated microplastics were extracted through filtration 
by using 24-cm filter paper. The extracted microplas-
tics were rinsed with distilled water to remove excess 
residue, placed on clear paper in a glass petri dish, 
and air-dried in a contained environment. Each sur-
face soil sample was run in triplicates, and the den-
sity separation process was repeated three times to 
extract the microplastics from each surface soil sam-
ple thoroughly.

Microplastics identification and quantification

Filter paper of the extracted particles was observed 
under a compound microscope (CHK2-F-GS, Olym-
pus, Japan) with a magnification of 40× and photo-
graphed. Identification of plastics and non-plastic 
particles in these photos was distinguished using a 
key for the classification of microplastic particles by 
(Lusher et al., 2020). The photos were used to iden-
tify the color and shape and recorded. While for par-
ticle size, the same photos and Image J 1.53 (http://​
imagej.​nih.​gov), an open-source particle analysis 
software was utilized. Lastly, the same filter paper 
was analyzed for the composition of the plastic poly-
mers by using attenuated total reflectance—Fourier 
transform infrared (ATR-FTIR) spectroscopy (Perkin 
Elmer Frontier, USA). The FTIR spectrum range was 
from 650 to 4000 cm−1, and the spectra were then 
compared to a standard library. Only nine particles 
were selected as representatives and analyzed for this 
purpose.

Quality assurance and quality control

During sampling, all surface soil samples were col-
lected in clean containers lined with aluminum foil 
and any usage of plastic tools was avoided. Tripli-
cate tests for microplastics extraction were carried 
out for each surface soil sample. A total of ten posi-
tive controls were used for the field soil samples to 
ensure optimum quality control. Sterilized deionized 
water was used for chemical preparations and carried 

out in a fume hood. During all processes of prepara-
tion, digestion, and density separation, aluminum foil 
was used to cover the glass wares and containers to 
reduce exposure to external environment. Cotton lab 
coats and latex gloves were used throughout the labo-
ratory work. Cabinets and work benches were cleaned 
and sterilized constantly to maintain cleanliness and 
reduce contamination.

Statistical analysis

Descriptive analysis was used to analyze mean, mini-
mum, maximum, and standard deviation of particle 
size. All data, graphs, and statistical analysis were 
performed by using Excel M365 (version A1), while 
the Kruskal Wallis test and correlation analysis were 
performed using SPSS version 27. The Kruskal Wal-
lis test was performed to compare the means of vari-
ables (microplastic particle size, organic matter, pH) 
between Farm A and Farm B, to give comprehension 
into whether there are significant differences of find-
ings between the two farms. The confidence level was 
set at 95%.

Results and discussion

Composition of the surface soil samples of Farm A 
and B

The findings of surface soil pH, organic matter, and 
microplastics particle size distribution of farm A and 
farm B are presented in Table  1. The mean average 
of surface soil pH level for farm A was 5.99 ± 0.22 
with the minimum pH of 5.56 and the maximum pH 
of 6.36. The mean average surface soil pH level for 
farm B was 6.45 ± 0.28 with the minimum pH of 
6.03 and the maximum pH of 6.90. The range of pH 
levels for farm A was between 5.5 and 6.5 and farm B 
was between 6.0 and 7.0. In this study, findings dem-
onstrated that surface soil samples from both, Farm 
A and Farm B were of slightly acidic soils. However, 
surface soil from farm A was more acidic compared 
to farm B due to a lower average of soil pH at 5.99. 
A factor that lowers soil pH levels in surface soil is 
the abundance of organic matter (Hong et  al., 2019; 
Wu et  al., 2022). The coefficient of variation (CV) 
was calculated based on the study by Aronhime et al. 
(2014), to indicate the reliability and reproducibility 
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of the findings in this study. The coefficient of vari-
ation (CV) of pH levels for farm A was 3.67%, while 
for farm B, it was 4.34%. The low CV indicates that 
the data points are closely clustered around the mean, 
suggesting consistent and reliable results. Thus, the 
CV percentages obtained show a high level of repro-
ducibility in pH measurements for both, farm A and 
farm B. The findings demonstrate the reliability of the 
analytical methods used in this study.

Farm A presented a mean average of soil organic 
matter at 33.24 ± 5.86%, with the minimum at 
19.86% and the maximum at 42.82%. Farm B pre-
sented a mean average of soil organic matter at 22.17 
± 5.61%, with the minimum at 15.67% and the maxi-
mum at 37.65%. Comparatively, the soil organic mat-
ter content of farm A was significantly higher than 
farm B with an 11.07% difference in mean average. 
This could be due to influence of pH levels affect-
ing the organic matter content. Several possible fac-
tors such as climate, soil texture, soil hydrology, land 
use, and vegetation affect the outcomes of agricul-
tural soil organic matter content (Du et  al., 2021). 
The type of vegetation plays a part in organic matter 
content as it increases the buildup of soil organic mat-
ter by decreasing wind erosion on soil surface (Du 
et  al., 2021; Wang et  al., 2021). Therefore, farm A 
which consists of contained vegetable plots has high 
possibility of retaining plant residues in soil, hence, 

increasing organic matter in soil whereas farm B 
which has an open and large area has potential of los-
ing plant residues over time. Loss of organic matter 
in soil is also possibly because of erosion of surface 
soil which could be due to heavy rainfall (Bot et al., 
2005). The coefficient of variation (CV) for organic 
matter content for farm A was 17.63%, while for farm 
B, it was 25.30%, indicating the variability in organic 
matter content within both farms. Although the CV of 
17.63% for farm A suggests a relatively lower degree 
of variation, while indicating relatively consist-
ent results, the CV of 25.30% for farm B indicates a 
slightly higher degree of variability but is still within 
an acceptable range. Regardless of the differences in 
CV percentages between farm A and farm B, it can be 
concluded that the organic matter measurements on 
both farms are reasonably reproducible.

The average particle size of microplastics in the 
surface soil in farm A was 3260.76 ± 880.38 μm with 
a minimum particle size of 2920.84 μm and a maxi-
mum of 3540.96 μm. Meanwhile, farm B presented 
smaller particle size of soil microplastics of 2822.31 
± 408.48 μm. The minimum particle size was 2288.58 
μm and maximum was 3299.29 μm. Degradation of 
plastics to microplastics was achieved through phys-
icochemical effects, such as exposure to high tem-
perature and ultraviolet radiation as well as mechani-
cal wear. Therefore, generating the aggregation of 

Table 1   Composition of 
surface soil for farm A and 
farm B

Surface soil composition Farm A Farm B

pH
  Minimum 5.56 6.03
  Maximum 6.36 6.90
  Mean ± std dev 5.99 ± 0.22 6.45 ± 0.28
  Coefficient of variation (CV) (%) 3.67 4.34
Organic matter
  Minimum (%) 19.86 15.67
  Maximum (%) 42.82 37.65
  Mean ± std dev (%) 33.24 ± 5.86 22.17 ± 5.61
  Coefficient of variation (CV) (%) 17.63 25.30
Microplastics particle size distribution
  Minimum (μm) 2920.84 2288.58
  Maximum (μm) 3540.96 3299.29
  Mean ± std dev (μm) 3260.76 ± 880.38 2822.31 ± 408.48
  Coefficient of variation CV) (%) 27.00 14.47
  Positive ctrl (%) 100 100
  Procedural blanks (%) 0 0
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plastics of small particle size (Andrady et  al., 2022; 
Song et  al., 2017; Yu et  al., 2022). Furthermore, in 
vegetable farmlands, soil microplastics undergo 
intense physical and mechanical action through agri-
cultural activities, such as cultivation, plowing, seed 
sowing, harvesting, and frequent tilling of the soil, 
thus, inducing further deterioration of microplastics 
into smaller particles (Chen & Yan, 2020; Zhang, 
Zhao, et al., 2022).

Occurrence of microplastics particles in agricultural 
farms

The descriptive statistics of microplastics particle size 
distribution from farm A and farm B are represented 
in Table 2. Farm A presented findings of microplas-
tic particle size in surface soil with 3260.76 ± 880.38 
μm, much larger size than in farm B. This could be 
due to the fact that the plastic sources on the farm 
underwent a slow breakdown process as the farm was 
not exposed to high temperatures as it is located on 
high grounds. Similarly, exposure to ultraviolet radia-
tion was also limited as there was black plastic netting 
to protect the vegetation and parts of the farm. Addi-
tionally, the black netting limits the exposure to the 
tropical high temperature and ultraviolet radiation on 
the white plastic framework and smaller black pipes 
in the vegetation plots. Furthermore, due to the large 
size of white pipes, blue-colored storage drums, and 
plastic trays, it eventually took a longer duration to 
become microplastic particles of much smaller size. 
Plastics remain long in the environment and take time 
to degrade depending on factors, such as tempera-
ture, type, and size of plastics (Manzoor et al., 2022). 
Although farm A carried out agricultural activities, 
such as soil preparation, seeding, and cultivation, the 
large microplastic particle size showed that there was 
little mechanical abrasion on the plastic sources.

In contrast, farm B had agricultural soil microplas-
tic particle size of 2822.31 ± 408.48 μm which was 
smaller than microplastic particle size in farm A. A 
reasonable cause could be that the vast and open area 
in farm B enabled full exposure to the high tempera-
ture of the tropics. Another possibility is that some 
ultraviolet rays may radiate through the farm, hence, 
causing soil microplastics to be further broken down 
into smaller-sized particles. Plastic bottles and poly-
styrene storage boxes were exposed to these harsh 
environmental factors. Similarly, black plastic films 

that were used for initial cultivation were exposed to 
the same environmental effects. Besides, there were 
many activities on the farm that caused mechanical 
action on the plastic sources and broke down into 
small-sized soil microplastics. Constant and intense 
soil tilling, cultivation, and harvesting, including 
weeding, are major agricultural activities on large 
farm which lead to microplastic abrasion, thus, 
producing smaller microplastic particles. Further-
more, people and vehicle movement in the farm area 
enhance the microplastics breakdown.

The coefficient of variation (CV) for soil micro-
plastic particle size detected on farm A was 27.00%, 
while on farm B, it was 14.47%. The CV percent-
ages indicate the variability in soil microplastic par-
ticle sizes within both the farms. Although the CV of 
27.00% for farm A suggests a relatively higher degree 
of variation, however, the variability falls within an 
acceptable range. Meanwhile, the CV of 14.47% for 
farm B indicates a lower degree of variability, thus 
indicating relatively consistent findings. Hence, it can 
be concluded that the soil microplastic particle sizes 
on both farms are reproducible.

Characterization of microplastics particles in farm A 
and farm B

The shape distribution of soil microplastics in farm 
A and farm B is demonstrated in Fig.  3. The domi-
nant shape of microplastics in agricultural soil in both 
farms was primarily fragments. Farm A obtained a 
total of 69.9% of fragments and 30.1% of films. Farm 
B acquired a total of 93.8% of fragments and 6.2% 
of films. Fig. S3 shows the shapes of fragments and 
films of agricultural soil microplastics from farm A 
and farm B.

Soil microplastic particle in fragment shape was 
widely found in farm A and farm B. These frag-
ment microplastics can be derived from various plas-
tic products. Plastic sources, as observed in farm A, 
included plastic net covers and plastic frameworks 
for vegetation plots that were used to protect some 
of the vegetation from direct sunlight. Addition-
ally, large white and small black pipes were used 
for water supply to the vegetation plots. Meanwhile, 
large plastic drums and trays were used as storage 
containers on the farm. All these agricultural plas-
tic products that are widely used on the farm gener-
ally decompose into fragment-shaped microplastics. 
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In addition, transparent shade plastics on the farm 
may have decomposed into microplastic films. Farm 
B presented fragments from plastic storage boxes, 

polystyrene foam boxes, and various types of plastic 
bottles. Due to the heat in the widely exposed and 
largely open farm area, these plastic sources tend to 

Table 2   Descriptive 
statistics of microplastics 
particles from farm A and 
farm B

Farm A location Minimum
(μm)

Maximum
(μm)

Mean
(μm)

Standard deviation

1 2816.86 3316.05 3034.48 200.52
2 3601.37 4021.70 3790.90 163.88
3 3533.19 4322.14 3943.02 314.45
4 1449.47 1991.06 1816.19 224.10
5 3879.16 4358.06 4105.17 213.93
6 4645.14 5079.35 4862.61 174.37
7 2420.64 2831.55 2616.24 172.04
8 2740.89 3230.32 3022.35 204.31
9 3163.42 3525.48 3341.48 153.83
10 3889.09 4442.52 4243.97 225.38
11 3442.59 4090.91 3799.24 274.16
12 2155.66 2704.57 2442.66 228.63
13 3332.01 3654.60 3505.23 132.26
14 3288.28 4087.80 3702.28 315.02
15 1602.55 2251.71 1954.55 273.95
16 3656.21 5255.12 4561.81 633.94
17 1624.42 2150.48 1928.32 213.29
18 2879.45 3429.62 3154.06 226.72
19 2381.66 3226.61 2893.20 356.94
20 1914.64 2849.49 2497.48 389.21
Farm B location Minimum

(μm)
Maximum
(μm)

Mean
(μm)

Standard deviation

1 1651.91 2746.46 2287.77 449.24
2 2616.33 4017.55 3273.10 573.02
3 2159.79 3671.81 2950.05 626.71
4 2128.41 3434.65 2862.91 534.04
5 2689.09 3860.99 3382.33 493.37
6 2204.40 3326.98 2808.85 456.77
7 2447.75 3785.02 3157.75 544.54
8 2490.91 3306.67 2899.40 343.52
9 2422.56 3534.73 3039.14 452.58
10 2730.70 3523.11 3181.17 326.77
11 2269.79 3195.01 2760.91 367.97
12 1994.46 2552.52 2254.20 226.29
13 2070.58 2897.05 2503.49 338.73
14 2439.18 3775.70 3091.94 577.50
15 1776.12 2462.34 2123.00 298.35
16 2153.08 2748.03 2453.63 237.78
17 1978.27 2573.82 2316.15 249.39
18 2718.99 3710.00 3258.51 412.75
19 2772.49 3947.07 3402.36 474.07
20 2056.80 2916.33 2439.44 347.03
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degrade into fragment-shaped microplastics. Film-
shaped microplastics that were found on farm B were 
presumably from the black plastic covers or films that 
were used to protect vegetation during initial cultiva-
tion. These plastic films used to preserve soil mois-
ture and prevent weed growth eventually degraded 
into thin films (Conventional and Biodegradable 
Plastics in Agriculture, 2021; Mansoor et al., 2022). 
Furthermore, the black plastic covers were not effi-
ciently disposed and were left on the farm as plastic 
waste which could have led to film degradation. Apart 
from that, agricultural activities on farm B, compris-
ing physical and mechanical action, such as plowing 
to open shallow furrows in the ground for cultivation, 
irrigation, weeding, and harvesting the crops, tend to 
cause abrasions, thus, breaking down the plastics into 
smaller fragments and films.

The soil microplastics in farm A and farm B had 
highly assorted colors and were classified into eight 
categories: black, white, transparent, blue, yellow, 
red, brown, and green. As presented in Fig.  4, the 
color with the highest average percentage for farm A 

was white (59%), followed by transparent (28%), blue 
(7%), yellow (2%), and black (2%); red and brown 
were the least at 1% each, respectively. Farm B pro-
vided findings with the highest average percentage of 
black (52%), white (37.6%), transparent (5%), blue 
(2.5%), red (1.6%), and brown (1%); and the lowest 
was green (0.%). White microplastic particles were 
the most dominant color from farm A, while black 
color was dominant in microplastic particles from 
farm B.

Wide usage of white plastic pipes as frameworks 
for placing nets over the vegetation may have resulted 
in the largest proportion of white microplastics in 
farm A, and the transparent plastic covers contrib-
uted to the proportion of transparent microplastics 
(Fig.  S1). Comparatively, farm A had obtained only 
2% of black-colored microplastics due to black net-
ting usage for vegetation and seedling soil bags. 
Apart from the significant white and transparent 
colors, blue colored microplastics were notably pre-
sent in farm A. The presence of large, blue-colored 
plastic drums and trays in farm A were the possible 

Fig. 3   Shape distribution 
of microplastics in agri-
cultural soil (farm A and 
farm B)

FARM A

Fragment 69.9 %

Film 30.1 %

FARM B

Fragment 93.8 %

Film 6.2 %

Fig. 4   Color distribution of 
soil microplastics of farm A 
and farm B
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sources of blue microplastics. Sources of the black-
colored microplastics in farm B were from plastic 
covers that were vastly used on the agricultural soil 
surrounding the newly sprouting vegetation (Fig. S2). 
Plastic products, such as fertilizer bottles and polysty-
rene boxes were contributors to white microplastics, 
followed by transparent microplastics from vegetation 
covers. There were black and blue plastic bags spot-
ted in farm B which appeared to be wastes and not 
properly disposed.

The Kruskal Wallis analysis showed a significant 
difference, with p value in organic matter (p < 0.05) 
and pH levels (p < 0.05) between both the farms. 
Contrastingly, for microplastic particle size, the 
Kruskal Wallis test demonstrated a non-significant 
difference with p > 0.05, between both farms. Thus, 
it was concluded that there may not be any significant 
difference in microplastic particle size between the 
farms. Although there are variations in the surround-
ings and backgrounds of both the farms, if the envi-
ronmental atmosphere such as climate, temperature, 
humidity, and precipitation are similar, it can lead to 
comparable microplastic particle size distributions.

Apart from that, a correlation analysis was per-
formed to study the relationship between the parti-
cle size of the extracted soil microplastics and envi-
ronmental factors such as soil organic matter and 
soil pH. The data set was not normally distributed, 
hence, a Spearman’s rho test for non-parametric 
correlation was carried out. Table  3 shows the cor-
relation between the microplastics particle size and 
environmental factors of farm A and farm B. The 
microplastics particle size in farm A had a significant 

and strong positive correlation with the soil organic 
matter. Zhang, Jin, et al. (2022) documented that the 
morphology of soil microplastics is affected by the 
interaction between microplastics and organic mat-
ter. Furthermore, the presence of organic matter 
decreases the repulsion force in soil, hence, promot-
ing aggregation which affects microplastics parti-
cle size (Zhang, Jin, et  al., 2022). Meanwhile, there 
is no relationship between microplastics particle 
size and soil pH in farm A as the correlation is 0.02. 
Similarly, soil organic matter and soil pH presented a 
correlation of 0.04, hence, determining a no relation-
ship between both environmental factors in farm A. 
Farm B presented no relationship between the micro-
plastics particle size and both environmental factors, 
thus, determining that microplastics particle size 
are not affected by the tested environmental factors. 
However, there are possibilities of the microplastics 
particle size being affected by the existence of other 
types of environmental factors such as temperature 
and ultraviolet radiation, agricultural activities, and 
presence of soil organisms. Microplastics particle 
size in agricultural soils can vary due to degradation 
through chemical changes of plastics, that are caused 
by temperature fluctuations and ultraviolet radiations 
(Chen et  al., 2020b; Qi et  al., 2020; Y. Zhou et  al., 
2020). Additionally, Chen et al. (2020a) reported that 
anthropogenic activities such as plowing, cultivation, 
weeding, and harvesting can possibly affect micro-
plastics particle size due to mechanical abrasions. A 
recent study by Feng et al. (2023) found that diverse 
insects and microorganisms have a vital role in plastic 
biodegradation. Hence, various types of environmen-
tal factors have a hand in shaping the particle size of 
soil microplastics.

Plastics polymer identification using ATR‑FTIR 
analysis

To further understand the composition of the soil 
microplastic particles, ten selected microplastics 
particles (five from each farm) were selected as rep-
resentatives for the analysis by using attenuated total 
reflection-Fourier transform infrared spectroscopy 
(ATR-FTIR). Among the ten microplastic particles, 
only nine was analyzed as one sample was deemed 
insufficient, and the results were compared against a 
spectrum library for polymer type. The FTIR spec-
trum range was from 650 to 4000 cm−1. Fig.  S4 

Table 3   Correlation between soil microplastics particle size 
and environmental factors in Farm A and Farm B.

*Correlation is significant at the 0.05 level (2-tailed)

Farm A MP
particle size

OM pH

MP particle size 1.00
OM 0.49* 1.00
pH − 0.02 0.04 1.00
Farm B MP

particle size
OM pH

MP particle size 1.00
OM 0.06 1.00
pH − 0.13 0.20 1.00
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represents the spectrum of the nine microplastic 
samples. The identified polymer compositions were 
polyvinyl chloride (PVC), high-density polyethylene 
(HDPE), polycarbonate (PC), and polystyrene (PS).

The analysis of the microplastics presented charac-
teristic peaks that were consistent with the polymer 
spectral library. Sample FA_1 showed peaks at 2918 
cm−1, 1457 cm−1, 912 cm−1, and 688 cm−1 followed 
by FA_2 with 2950 cm−1, 1451 cm−1, 912 cm−1, and 
690 cm−1. FA_3 showed peaks at 2917 cm−1, 1451 
cm−1, 912 cm−1, and 694 cm−1; FB_1 peaked at 
2968 cm−1, 1425 cm−1, 912 cm−1, and 690 cm−1, and 
FA_4 had characteristic peaks at 2949 cm−1, 1451 
cm−1, 913 cm−1, and 690 cm−1. The polymer spectral 
library revealed characteristic peaks of polyvinylchlo-
ride (PVC) plastics near 2913 cm−1, 1426 cm−1, 961 
cm−1, and 687 cm−1. Peaks near 2910 cm−1 and 2972 
cm−1 represented CH2 asymmetrical stretching, 1451 
cm−1 with C–H stretching, and near 691 cm−1 repre-
sented trans C–H wagging. Therefore, the character-
istic peaks of samples FA_1, FA_2, FA_3, FB_1, and 
FA_4 were consistent with the characteristic peaks of 
PVC.

Two samples, FB_2 and FB_3 represented high-
density polyethylene (HDPE) with characteristic 
peaks at 2915 cm−1, 2848 cm−1, 716 cm−1 and 2915 
cm−1, 2848 cm−1, and 717 cm−1, respectively. The 
samples matched the peaks of HDPE spectrum at 
2916 cm−1, 2848 cm−1, and 719 cm−1. The peak of 
2915 cm−1 had CH2 asymmetric C–H stretch; 2848 
cm−1 had CH2 symmetric C–H stretch, and 716 
cm−1 and 717 cm−1 had CH2 rock. The polystyrene 
(PS) polymer was identified through sample FB_4 
with peaks at 3593 cm−1, 1452 cm−1, 751 cm−1, and 
692 cm−1. The PS spectrum revealed peaks at 3299 
cm−1, 1492 cm−1, 753 cm−1, and 697 cm−1. The 
peaks above 3000 cm−1 had C–H stretches from aro-
matic rings, 1452 cm−1 had an aromatic ring, and 751 
cm−1 with C−H group. Additionally, the polycarbon-
ate (PC) spectrum showed peaks at 1771 cm−1 and 
1503 cm−1. Sample FA_5 had peaks at 1768 cm−1 
and 1506 cm−1 which were consistent with polycar-
bonate. Peaks 1768 cm−1 represented carbonyl peaks 
C=O and 1506 cm−1 with phenol ring stretching. As 
a result, it can be determined that there were signifi-
cant particles of PVC, HDPE, PC, and PS in the agri-
cultural soils of farm A and farm B.

The most evident representative of the polymers 
was of polyvinyl chloride (PVC). Fig. S1 shows large 

white PVC pipes that were used in farm A for water 
nitrification process in farming. Additionally, these 
pipes had smaller outlets that support a small sum 
of miniature plant growth. Black-colored PVC pipes 
were also found across the vegetation plots to provide 
sufficient water to the vegetation. Apart from that, 
white pipes made of PVC, with a smaller diameter 
stand over some of the vegetation plots as support for 
plastic netting to protect the vegetation. High-density 
polyethylene (HDPE) films were used on farm B for 
initial land cultivation and crop growth as well as 
to minimize soil erosion (Fig.  S2). However, these 
HDPE black films were not disposed in a proper man-
ner after use, causing plastic contamination. Polycar-
bonate that was also detected in surface soil samples 
was possibly from fertilizer and water bottles. Mean-
while, polystyrene (PS) was from sources of boxes 
that were probably used as storage boxes. All these 
possible sources of polymer contributed to microplas-
tic contamination in agricultural soil.

Comparison between current and previous studies on 
microplastics particles in agricultural soil

A comparison of the current and previous studies on 
microplastics characteristics in agricultural soil is 
presented in Table 4. The current study revealed that 
both farm A and farm B had a distribution of micro-
plastics with much larger particle sizes as compared 
to the findings of other related studies.

Although the different methodologies adopted in 
these studies have made the comparison across the 
studies difficult, differences in size distribution were 
due to agricultural soil sampling from various depths 
and exposure to plastic breakdown as opposed to 
surface soil sampling in the current study. Even so, 
other studies have findings of soil microplastic parti-
cle size which are smaller than 500 μm (Cao et  al., 
2021; Chen & Yan, 2020). Previous studies had also 
established findings of microplastic particles that 
were < 1000 μm in size, with 75.5% from farmlands 
in Yunnan (Zhang, Wang, et  al., 2022) and 48.8% 
from agricultural soils in Shanghai (Liu, Wang, et al., 
2022), and Yu et  al. (2021) disclosed similar results 
with 84.4% of farmland soil microplastics. Yang et al. 
(2021) stated that plastic debris is broken down to 
smaller sized particles through several physical and 
chemical effects, such as temperature, ultraviolet radi-
ation, and mechanical wear. In previous studies, the 
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range of microplastic particle size was particularly < 
1000 μm. Although this current study sampled sur-
face agricultural soil, the microplastic particle size 
was mostly > 2000 μm. This outcome allows the pos-
sibilities that in previous studies, there has been expo-
sures to ultraviolet rays and high temperatures for a 
long duration on the plastics as compared to farm A 
and farm B. Furthermore, mechanical abrasion on the 
plastics, due to physical and agricultural activities in 
both farms (current study), could have been less vig-
orous than in previous studies. A recent study by Ren 
and Ni (2022) investigated the combined effects of 
mechanical abrasion driven by wind, and ultraviolet 
ray exposure on microplastics break down on agri-
cultural plastic films namely polyethylene (PE) and 
polyvinyl chloride (PVC). Apart from the mechanical 

abrasion from the friction of plastics with soil parti-
cles due to agricultural activities, wind speed also 
plays a part in the breakdown of microplastics to 
smaller particle sizes. However, the limitation is that 
the study was applied only to transparent agricultural 
plastic films, and further research is required for non-
transparent agricultural plastic films.

The current study presented microplastic shapes of 
fragments and films on the surface agricultural soil. 
Similarly, findings in previous studies suggested that 
an average of 51.7% of agricultural soil microplas-
tics in the suburbs of Wuhan, China were fragments 
(Chen & Yan, 2020; Xu et  al., 2022; Zhang, Zhao, 
et  al., 2022). Some possible sources of microplastic 
particles in fragment shape were polyethylene nets, 
plastic storage containers, foam boxes, and plastic 

Table 4   Comparison of characteristics of agricultural soil microplastics between current study and previous studies

Sources Location Particle size Shape Color Polymer References

Vegetable farm-
lands

Farm A
Farm B

Klang Valley, 
Malaysia

3260.76 ± 
880.38 μm

2822.31 ± 
408.48 μm

Fragments, films White, black, 
transparent, 
blue, yellow, 
red, brown, 
green

PVC, HDPE, 
PC, PS

Current study

Banana planta-
tion

Rubber planta-
tion

Southwestern 
China

772.8 ± 214.6 
μm

1196.5 ± 236.7 
μm

Fragments, fibers Blue, yellow, 
green-blue

PE, PP, RY Xu et al., 2022

Vegetable farm-
lands

Wuhan, China < 200 μm Fibers, microbe-
ads, fragments, 
foam

Red, black, 
green, blue

PP, PA, PS, 
PVC, PE

Chen & Yan, 2020

Agricultural soil Yunnan,
China

< 1000 μm Fibers, films, 
fragments, 
pellets

Green, white, 
black, blue, 
transparent, 
yellow

PP, PE, polyole-
fin, RY

Zhang, Zhang, 
et al., 2022

Agricultural soil Hangzhou, East 
China

1000–3000 μm Films, fibers, 
fragments

_ PP, PE, RY, 
PA, polyester, 
acrylic

Zhou et al., 2020

Cultivated agri-
cultural soil

Sichuan, China < 5000 μm Fiber, flaky, 
pellet

Transparent, 
blue, black, 
yellow

PVC, PE Zhang, Lykaki, 
et al., 2022

Agricultural soils Shandong, China < 1000 μm Fragment, film, 
foam, fiber, 
pellet

Transparent, 
white, green, 
blue, gray, red, 
black

PP, PE, PS, 
RY, Ethylene-
propylene 
copolymer, 
polyester

Yu et al., 2021

Farmland soils Shanghai, China < 1000 μm Fiber, films, frag-
ments

Black, transpar-
ent

PP, PE Liu, Wang, et al., 
2022

Agricultural soils Shanghai, China 100–500 μm Fiber, films, frag-
ments

White, black, 
red, green, blue

PP, PE, RY, 
LDPE, 
polyamide, PS, 
nitrocellulose

Cao et al., 2021
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bottles (Chen & Yan, 2020). Films that were identi-
fied in the current study were mainly from plastic 
covers used for the initial cultivation of vegetation. 
Unlike this current study, previous studies have also 
identified microplastics, such as foam, pellets, fibers, 
and microbeads (Chen & Yan, 2020; Yu et al., 2021; 
Yu et  al., 2022; Zhang, Jin, et  al., 2022). Kim et al. 
(2021) stated that through weathering and breakdown 
process, a higher quantity of plastic products which 
are not effectively recycled and are inadequately dis-
posed would become primary sources of agricultural 
soil microplastics with various shapes.

Microplastics that were extracted in the current 
study were in various colors with black, white, and 
transparent as the major colors. Similarly, previous 
studies also had a fair distribution of microplastic 
colors. The variation in the distribution of color of the 
agricultural soil microplastics indicates the presence 
of divergent sources of microplastics (Zhang, Zhang, 
et  al., 2022). Black and transparent microplastics 
may originate from plastic covers for protecting the 
vegetation. Meanwhile, other colors may come from 
plastic bottles and bags, drums and trays, and waste 
products in the agricultural soils. Zhang, Lykaki, 
et  al. (2022) stated that green microplastics derived 
from green plastic ropes and woven bags in the study 
area of agricultural soil in Yunnan, China. The colors 
of microplastics are highly depending on the plastic 
products used on agricultural farms.

The comparison study determined that all pre-
vious studies as well as the current study had 
outcomes of prominent polymers indicating the 
impacts of long-term use of plastic products in agri-
cultural soil. The current study identified four types 
of polymers, such as polyvinyl chloride (PVC), 
high-density polyethylene (HDPE), polystyrene 
(PS), and polycarbonate (PC). Chen and Yan (2020) 
and Zhang, Wang, et  al. (2022) similarly detected 
PVC in agricultural soils in Wuhan and Sichuan, 
respectively. Additionally, all comparison studies 
had identified polyethylene in agricultural soil sam-
ples. Polymers like polyamide, polyolefin, polyes-
ter, and acrylic that were detected in previous stud-
ies were associated with plastic products, such as 
weathered package bag, plastic basket, plastic tape, 
agrochemical package bags, synthetic fiber, and 
woven bags (Cao et  al., 2021; Chen & Yan, 2020; 
Yu et  al., 2021; Zhang, Zhao, et  al., 2022; Zhou 
et  al., 2021). Zhang, Zhao, et  al. (2022) reported 

that the presence of polystyrene was due to the deg-
radation of styrofoam plastics that were normally 
used in packaging and thermal insulation for the 
transport of vegetation in agricultural soil.

Conclusion

This study investigated the presence of surface soil 
microplastics in two tropical agricultural farms. Sur-
face soil microplastics were identified in both farms 
with microplastics mean particle size of 3260.76 ± 
880.38 μm in farm A and 2822.31 ± 408.48 μm in 
farm B. The microplastic particle size in the current 
study was larger, as compared to the sizes of micro-
plastics from other related studies. The dominant 
and primary shapes of microplastics in both farms 
were fragments and films. Apart from that, the major 
colors of microplastics identified in farm A were 
white and transparent, followed by farm B with black 
and white. The representatives of soil microplastics 
were identified as polyvinyl chloride (PVC), polycar-
bonate (PC), high-density polyethylene (HDPE) and 
polystyrene (PS). The sources contributing to agricul-
tural soil microplastics were plastic products, such as 
plastic and foam boxes, pesticide and insecticide bot-
tles, packaging plastic bags, and vegetation covers. 
This study enables a clearer and better understanding 
of microplastic pollution in tropical agricultural soil 
and illustrates as a guide for further research on the 
threat of microplastics in agriculture.
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