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ABSTRACT

Soil health is an important part of the sustainable agricultural system; Intensive farming without
damaging the soil is the core principle of sustainable agriculture. Agricultural practices are
considered as systematic, scientific and expertise activity. In agricultural fields, the application of
plastic-coated fertilizers or plastic-contained sludge water is often detrimental to soil health, field
production and human health as well. The present study focused on the potential pathways of
plastic in agricultural lands, the amount and categorical division of detected plastics, as well as its
effect on the different physical properties of the soil. The majority of detected plastic materials
were analysed as LDPE (44.50%) followed by PP (30.38%), PET (18.60%), PS (5%) and HDPE (0.65%).
Compared to the two clusters, the result shows that in control clusters, bulk density (1.04 g/cm?),
soil porosity (60.61%), water-filled pore spaces (56.10%) and soil aggregate stability (48%) have been
identified as ideal or stable soil conditions. However, compared with contaminated clusters, the
findings suggest that higher bulk density (1.58 g/cm?), low soil porosity (40.26%), low water content
or pore spaces filled with water (38.77%) and lower aggregation (36%) that all have proved that
plastic enriched soil is harmful and it declines the soil health day by day.
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INTRODUCTION

Nowadays plastic has become the most common
usable and ubiquitous material in the planet earth.
But bakelite was the one and only plastic material a
few decades ago (early 20s), even if it was restricted
only within the military sector. After the 1950s the
plastic production jumped from 2 mt to 380mt in
2015 (Geyer et al., 2017). World widely 18 kg of
plastics are being used by a human being and
estimated 120MT of plastic wastes has been
generated per day. (Dhayagode et al., 2011).
Production of such an immense amount of plastic
was not a concern unless a significant amount of
waste was generated. In 2018, University of
California and Santa Barbara have conducted a

survey, and they have measured that at about 79%
of produced plastic has been left as garbage. In case
of India almost 11kg plastic consumed by an Indian
(Venkatesl and Kukreti, 2018) and estimating to 22
kg within 2022 (Agarwal, 2018). With its largest
imported plastic of 7,800 tonnes from America in
1994, India ranked 4th in importing of plastics
(Dhayagode et al., 2011). Over the last few decades,
most of the studies have focused primarily on
plastic pollution in marine (Wessel et al., 2016), lake
(Sruthy et al., 2016) or freshwater environment
(Horton et al., 2017), but in terrestrial environment
like agricultural soil has remained been under
shadow. Similarly, a few studies have concentrated
on plastic problem and management in rural areas.

Singh et al. (2019) define healthy soil depends on
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good combination of major key properties of soil,
mentioned as physical, chemical and biological. Soil
properties are also regarded as indicators of soil
quality (Cardosa et al., 2013). Physical properties of
soil like bulk density, soil porosity, soil pore spaces,
aggregate stability, due to its direct contact with
nature, are more vulnerable to external
disturbances. Soil health is also relatively similar to
human health (Magdoff, 2001). So, excessive
application of hazardous materials is also harmful
to the health and function of agricultural soil
(Kibblewhite et al., 2007; Aggarwal, 2017). In recent
era, various way of use of plastics materials in
agricultural land made differences in soil health,
especially in changing of physical properties of soil.
Some studies have taken this problem seriously and
have attempted to examine the potential sources of
plastic in agricultural land. The most common
sources have been evolved as organic fertilizer
(Weithmann et al., 2018), sewage sludge water
(Corradini et al., 2019), surface water, plastic
mulching (Qi et al., 2018) and some others
unreported and immeasurable sources.

Typically, plastic materials such as propylene,
polymer, ethylene and hydrocarbon are
manufactured with hazardous chemical bonding
(Geyer et al., 2017). A study has shown that 96% of
single-use plastic ends up as waste in landfills
(Williamson, 2003). Plastic bags are often non-
biodegradable and difficult to decompose; it can
take up to 1000 years for certain materials to
decompose in soil (Jalil et al., 2013). Due to
microorganism or sometimes mechanically
macroplastics are disintegrated and spread all over
the soil (Stevens, 2001). These piles of synthetic
materials are nothing but a danger to the soil
environment and the growth of agriculture (Jalil et
al., 2013). The present study is mainly focused on the
counting plastic additives, categorical division of
counted plastic, observing or identifying the
potential pathways of plastic in agricultural lands
and most significantly impact of plastic and its
ingredient parts on soil’s physical properties.

MATERIALS AND METHODS

Selection of the study area and soil sampling
techniques

The district of Bardhaman was well known as ‘rice
bowl of Bengal,” but recently (in 2017) the district
was bifurcated into two, Purba Bardhaman and
Paschim Bardhaman. Still a greater amount of food

grains is contributed by Purba Bardhaman as the
district includes blocks are involved in cultivation.
Pilot survey and questionnaire survey methods
have confirmed that the Memari II C.D.Block (23°
12'30" N t0 23°22'4" N and 88°2' 17" E to 88° 14' 37"
E) would be the right place for this work, as 65% of
the land partly depends on bio-fertilizers for
cultivation (Mankar krishi sahayak office, 2019). In
order to identify the sampling sites, adaptive cluster
sampling (after Thompson, 1992) was chosen. Total
58 grids of target objects have been identified as
initial sample (Fig. 1). For this work, two separate
treatments, plastic control clusters and
contaminated plastic clusters, were chosen to
compare the harmful effect of plastic on soil health.

Plastic measurement and soil analytical procedures

Many single-use plastics, nanoplastics (< 1 mm) to
macroplastics (> 25 mm), are contained everywhere.
At present, various density separation methods
have been used with various saline solutions to
isolate microplastics (> 5 mm) from sediments and
water (Crawford ef al., 2017). It was recorded that
more than 65 percent of the studies used saturated
NaCl 1.2 g / cm?® separation to detect microplastic in
sediments (Quinin et al., 2016). All microplastics
additives that are lighter than this density are easily
floated over the solution, except for denser
polyvinyl chloride (PVC). Multi-tier sieving
technique for the extraction of macroplastics from
soil has been used to calculate macroplastics (> 25
mm). Core cutter and USDA-NRCS procedures
have been followed to measure dry bulk density
and other soil properties such as soil porosity, water-
filled pore spaces and soil aggregate stability. The
width and height of the cutter ring was 4.50 cm and
7.80 cm respectively.

RESULTS AND DISCUSSION

All the major three properties of soil are very much
responsive to various internal disturbances. Often
the cause behind the disturbances seems to be some
external deleterious application in the soil. The use
of plastic-coated fertilizers or plastic-enriched
sludge water is one of the reasons for changes in soil
properties. Some studies have shown that plastic
mulching is detrimental to agricultural soil
properties (Bandopadhyay et al., 2018; Sintim et al.,
2018). As plastic films disintegrate their components
and remain on the soil’s pore spaces and alter
various soil properties. Now, this work includes
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understanding the categorical separation, source
and, most notably, behaviour of plastics over soil
physical properties below the surface of the soil and
also understand the reasons behind these changes in
details.

Quantification of detected plastic additives in the
agricultural soil

It is always been challenging task to quantify plastic
particles in any sediments or even marine or lake
water. Though, some techniques are very popular.
In the case of quantifying or identifying plastic
additives such as FTIR-Spectroscopy, Raman
Spectroscopy, Density separation method (using Zn
brine or NaCl brine solution, etc.), visual detection
(only for macroplastics), multitier sieving method
etc. Most of the identified plastics in the study area
belong to low density plastic materials, so after
applying the multitier sieving process, the most
common Nacl 1.2g/cm? solution was made for
separate plastic. The techniques also help to
compare between two separate clusters,
contaminated clusters and control clusters. Among
28 grids of plastic contaminated sites, averagely
4500 mg/Kg* and 430 mg/Kg™ soil have been
measured as'macroplastics and microplastics
respectively. Although, the differences in the
quantity of plastics are scarcely varied, still Bohar-I
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GP and Bohar-II GP have been identified as highest
macroplastic (6400 mg/Kg?) and microplastic (840
mg/ Kg') site. The measured plastics were different
in categorically and heterogeneously distributed in
the agricultural lands. However, several agricultural
lands with plastics free have been found in plastic
control clusters. GPs such as Barapalashan II,
Satgachia I, Satgachia II and some parts of Kuchut
have been measured as plastic control sites.

Categorical identification of plastic additives in the
soil

In 1988, the Society of Plastic Industry (PSI)
standardised different plastic items and labelled
certain codes to determine whether they were
recyclable or not. Each and every plastic product has
a specific density and, in the case of that density
separation method was useful to distinguish and
classify different plastic additives. After visual
detection and identification, multi-tier sieving and
density separation method, the findings were
confirmed that the highest plastic products were
identified as low density polyethylene (LDPE) with
44.50% of the counted items. Much of the fragments
were recognised as single-used and household
plastic items, e.g. small parts of carrying bags or
low-density bottles etc. Low-density polyethylene
(LDPE) was followed by polypropylene (PP) at
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Fig. 1. Selected sampling sites as control clusters (green) and contaminated clusters (red) followed by adaptive cluster

sampling
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30.38%. Basically food wrapper, chocolate wrapper,
chips packets are major sources of Polypropylene
(PP). Polyethylene Terephthalate (PET) plastics are
very unusual and hardly found in rural
environment, still 18.60% items have been
categorised under PET plastics products.
Polystyrene (PS) stands fourth position among four
major plastics with 145 (5%) items, some basic but
rarely used plastics like tea cups or plastics boxes
have been found in some fields. High Density
Polyethylene (HDPE) products have hardly been
detected (0.65%); most of the high density plastics
were below the plow layer (up to 7 inch beneath the
soil surface) and mostly disintegrated.

Potential pathways of plastic in the agricultural
lands

In their study, Hurley and Nizzetto categorised
three major sources of plastics in agricultural soils:
I. fragmentation of plastic wastes already present in
soil environment II. deposition of plastic from
surrounding environment through run off and IIL
inputs from various agricultural practices. Many
studies have shown that the bio-fertilizer
(Fagerheim et al., 2020; Piehl et al., 2018) and sewage
sludge water (Anikwe et al., 2002) were the two
major sources of plastics in agricultural lands. In the
study area, total 160 farmers have been selected
randomly for conversation about their preferences
of applying fertilizers. After questionnaire survey
and direct observation, the acquired data confirmed
that plastic rich bio-fertilizers are being used for
cultivation in 61.25% (98 fields) of total farmlands,

while 38.75% (62 fields) of farmlands are mainly
based on plastic enriched sludge-based fields. If
averagely 5 g plastics have been generated daily
then it becomes monthly 150 g, which is massive
garbage in size. After conversation with the
villagers especially with farmers, it came to know
that this huge amount of plastics usually remain in
the dumping ground which mainly use as compost
site. Farmers like to apply this compost as bio-
fertilizer to their lands for improving of the soil
health as it carries organic contents but plastics
mixed fertilizers are equally harmful for soil. It is a
way to drag the plastic into the agricultural lands.
Apart from compost, organic enriched sewage
sludge water is also considered useful for crop
production but sewage sludge water is equally
responsible for dragging the plastics into the
farmlands (Blédsing et al., 2017). Due to lack of
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proper techniques, other sources are left
immeasurable for example sometimes micro to
macro plastics are conveyed by wind in farmlands.
Some plastics are reached due to overflow of cannel
water into the agricultural lands, but there are some
limitations in case of measuring the sources of
plastics in agricultural fields.

Assessing the correlation between plastics
additives and bulk density

Among the various physical properties of the soil,
bulk density (pb) is one of the significant ones that
indicates the compaction of soil particles, which
implies how soil ingredients are attached or
detached to each other. According to USDA-NRCS,
any kind of fluctuation in bulk density has
influenced other soil properties. The bulk density
was standardised by USDA-NRCS with some
specific soil texture. This implies that a standard
bulk density value has to be for each and every
textual class. Laboratory results have confirmed that
all soil samples (58 grids) belong to the textual class
of clay loam (Sand 20-45%, Silt 15-53%, Clay 27-
40%). Clay loam is considered as productive textual
class. However, the ideal bulk density value must be
< 1.10 g/cm?’ for the clay loam texture (Table 2). The
values of 1.49 g/cm?® and 1.58 g/cm?® indicate
affected root growth, poor health and polluted soil.

Plastic differentiates bulk density value

Although a positive correlation has been seen
between detected plastics and soil dry bulk density
(Fig. 6). But the impact of plastic on bulk density is
not supposed to be positive. Because, from the
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previous table (Table 2), it has been seen that for clay
loamy texture, the ideal pb value is <1.10 g/cm?®.
Two different clusters show a different result in a
same textual class. Through the diagram, it has been
observed that all the bulk density (pb) values of
control clusters have been analysed under the ideal
density while in case of contaminated sites, the
result shows totally opposite. The pb values have
exceeded the ideal value and somewhere extremely
high. The maximum (6200 mg/kg!soil) plastic
additives have been found in Bohar-I GP and it
consequences the highest pb value (1.82 g/cm?)
have also been measured here. On the other side
Barapalashan II, Satgachia I, Satgachia II and some
parts of Kuchhut GP have been considered as plastic
free fields. According to the farmers of above
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Fig. 4. The highest plastics items have been identified as
Low Density Polyethylene (LDPE) followed by
Polypropylene (PP) Polyethylene Terephthalate
(PET) Polystyrene (PS) High Density Polyethylene
(HDPE)

Table 1. A details chart on sources, amount and household uses of detected plastics items. Highest plastics products
have been identified as Low Density Polyethylene (LDPE) with 1095 items, while lowest plastic items have
been found as High Density Polyethylene (HDPE) with total 16 items throughout the sampling sites

Major Plastics Products Sources Number of Items Household Uses

Low Density Polyethylene Carry bags, squeezable 1,095 Primarily low density plastics,

(LDPE) bottles etc mostly use to carry items, all are
single use plastics.

Polypropylene (PP) Chips packets, biscuits 748 Denser than LDPE plastics, mostly

wrappers, straw, fabric

Polyethylene Terephthalate
(PET)

Polystyrene (PS)

Clothing fibres, rope,
fibres, jar etc.

High Density polyethylene

(HDPE) pipes etc

Coffee cups, food boxes etc

Compost containers, bin,

use to carry items all are single
use plastics.

458 Use as a container of beverage
or other goods.

145 All are medium dense plastics,
use as food keeper.

16 All are hard in density, various
kind of use, but less in numer.
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mentioned GPs, “ we apply compost fertilizer, keeping
in separate pit but we do not apply the compost fertilizers
of dumping site because these sites constist of a lot of
hazadous materials sometimes glasses as well, so we like
to avoid that site.” The average bulk density value of
control and contaminated clusters were 1.04 g/cm’
and 1.58 g/cm? respectively. So the control clusters
or plastic free fields were shown under ideal value
of pb. On the other hand contaminated sites were
observed higher pb value, and also indicating
affected root growth and poor soil health.

Plastics and Soil Porosity

Soil porosity, a physical property of the soil,
depends on the soil bulk density. Porosity is also
crucial indicator for soil health. Basically, soil
porosity tests the pore spaces in soil by percentage.
Due to external application on soil, soil porosity
could be modified. For two different clusters, soil
porosity was quantified in the graph (Fig.8),
showing different kinds of results. The trend line
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Bio-fertilizer and sewage sludge water were
observed as potential pathways of plastics in
agricultural soils. In agricultural fields the major
sources of bio-fertilizer were compost and sludge
water

(Fig.7) indicates that soil porosity in the
contaminated site is negatively correlated with the
quantity of plastics. The average porosity of control
cluster was 40.26 %. Although it was 60.61% in
contaminated clusters, the difference between two
clusters was more than 20 per cent. Ideally, 55
percent 65 percent for clay loamy was considered as
the normal soil porosity.
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Fig. 6. Correlation between detected plastic additives
and analysed the bulk density value, showing
that high bulk density value consequences of
higher the amount of plastic additives *Dry Bulk
Density (g/cm?): Weight of dry soil core/volume
of soil core (USDA-NRCS, 2019)

Soil Porosity (%)

From the graph (Fig. 8), it is confirmed that the
porosity is much higher in control clusters and
therefore is normal. In contaminated clusters, the
porosity rate has decreased significantly to 40%,
suggesting a low porosity and thus suggesting a
lower water and soil respiration rate. The method of
USDA-NRCS was followed to measure the soil
porosity. Almost all clusters in control fields are
more or less around 60 %, which means that plastic
free compost or fertilizer tends to increase soil

Table 2. A general relationship of soil bulk density to root growth and Soil Health based on soil texture. The saffron part
showing that the ideal bulk density value for the textual class of clay loam (<1.10 g/cm?) (Souce: USDA-NRCS,

2019)
Soil texture Ideal bulk density for Bulk density that Bulk density that
plant growth/ Good Soil affects root growth/ restricts root growth/
Health (g/cm?) affects Soil Health Indicated Pollution and
(g/cm?) Highly Affects Soil
Health (g/cm?)
Sand, loamy sand <1.60 1.69 >1.80
Sandy loam, loam <1.40 1.63 >1.80
Sandy clay loam, clay loam <1.40 1.60 >1.75
Silt, silt loam <1.40 1.60 >1.75
Silt loam, silty clay loam <1.40 1.55 >1.65
Sandy clay; silty clay, clay loam <1.10 1.49 >1.58
Clay(>45 percent clay) <1.10 1.39 >1.47
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porosity (Fig. 8), but the opposite result has been
seen in contaminated clusters, showing low
porosity, also indicating that plastic particles are
rapidly decreasing soil porosity. The trend line (Fig.
7) also supports a similar kind of findings with the
composite bar graph (Fig. 8), indicating a negative
association between porosity and plastics, that
means higher volume of plastic decreases soil

porosity.

Soil water content and soil pore spaces filled with
water

Soil water content means the difference in weight
between wet soil and oven dry soil. The procedure
is provided by USDA-NRCS has been used to
measure soil content. In addition, the data of soil
water content were used to quantify soil pore spaces
filled with water condition, which assist to reveal
the status of the soil health. The technique has been
applied to both the control and contaminated
clusters. And it has been reported that the average
water content value was recorded as 0.34 g/cm?® in
the case of control clusters and calculated the
percentage of pore spaces filled with water after
adding the value, averagely it shows 56.10%, which
enables a strong state of water holding and water
infiltration. In the case of contaminated clusters, the
average water content value is 0.16 g/cm?® and the

Salid
39%
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percentage of water filled pore spaces is 38.77%,
which suggests hard condition for water
transpiration. The difference between two is almost
20%, so it is again proven from this value that plastic
additives minimise the percentage of pore space
filled with water.

The distribution of soil ingredients in two
different clusters have been represented through
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Fig. 8. The composite bar graph shows comparative
value for both the clusters viz. control and
contaminated, plastic contaminated clusters are
having lower porosity than plastic control clusters
Soil Porosity= 1-(soil bulk density/2.65*)

*The default value of 2.65 is used as a rule of
thumb based on the average bulk density of rock
(USDA- NRCS, 2019).

Solid
59%

Fig. 7. Correlation of soil porosity and plastic in soils

Table 3. Soil water content (g/cm?®) and pore spaces filled with water condition (%) lower in plastic contaminated

clusters than control clusters

Sample site Water content* Soil porosity** Calculation: (water Percent of pore space
(g/cm?) content/soilporosity) x 100 filled with water

Control 0.342 0.61 (0.342g/cm?*/ 0.610) x 100 56.10

Contaminated  0.157 0.40 (0.157g/cm?/0.405) x 100 38.77

Water Content (g/cm?) = soil water content (g/g) x bulk density (g/cm?)

*Average value of Water content and Soil porosity
**1 - (soil bulk density /2.65)* as default value
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this pie graphs (Fig.9a and 9b). The findings are
scientifically estimated. The distribution of soil
ingredients for both clusters has been identified
differently. In contaminated clusters, the total pore
space is 40.5%, of which 38.77 % is filled with water
and the remaining 61.23% is estimated as air-filled
pore spaces. The remaining 59.50% of the materials
are solid (4% organic matter, 96% sand, silt and
clay). On the other hand, a huge difference has been
measured in control clusters. In control clusters, the
total pore spaces estimated at 61% is distributed as
56.10% water-filled pores and 43.9% air-filled pores.
The remaining 39% is quantified as solid materials.

Soil Aggregate stability

The aggregation power of soil against moving water
is determined by aggregate soil stability (USDA-
NRCS). It governs how the soil particles aggregate
and bind to each other. The micro-particles of
organic matter have biological ingredient that helps
to properly stick the soil so the higher proportion of
organic matter in soil assists to increase soil
aggregate stability (SAS). Basically, the organic
matter is disposable and mixes easily with the soil.
Artificial products are not easily disposed in the
soil, such as plastic additives. For soil health, such
artificial or synthetic materials are extremely
hazardous. During water flows over the soil surface,
the plastics particles easily disintegrate the
aggregation of soil, resulting in the breaking of soil
integration. After Bronick and Lal (2005), there are
several factors responsible for the disaggregation of
soil ingredients, such as anthropogenic
perturbations.

Androgenic disturbances are mostly due to
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Fig. 11. Comparison of aggregate stability between three
different treatments viz. bare soil, control clusters

and contaminated clusters

weight of dry aggregates - sand)
Soil Aggregate Stability (%) = x 100
(Weight of dry soil - sand)

external factors like application of fertilizers,
irrigation or tillage system. Sometimes cultivators
become unaware about the recommended dose of
application. As all else, soil has its weakness on
external aspects, the improper use of fertilizers,
tillage or irrigation could be caused of changes in
the soil properties. Likewise, applications of the
hazardous materials like plastics contained
fertilizers equally affect for changing of various soil
properties. SAS is one of the key physical properties,
which actually depends on the ingredients materials
of soil.

Three separate treatment fields, i. Bare Soil ii.
Control Clusters and iii. Contaminated clusters have
been chosen in order to know the status of
aggregate stability. The first one is non-agricultural
fallow lands, where farming practices remain
inactive for a long time; here the percentage of
organic matter is very poor. The control clusters are
bio-compost based agricultural fields, and most
importantly, these all are plastic free compost
fertilizers so, it enriched with purely natural and
organic materials. The last one has been categorised
as plastic enriched bio-fertilizers fields, where
farmers apply compost fertilisers enriched with
plastic additives. After observation, detection and
questionnaire survey, total 150 fields have been
selected as bare fields (50 fields), control fields (50
fields) and contaminated fields (50 fields). To
quantify the aggregate stability of soil, USDA-NRCS
procedure has been followed. The average data was
placed on the diagram after the procedure was
applied to three separate treatment fields (Fig. 11).

It is clearly understood from the diagram (Fig.
12) that the average SAS varies from each treatment,
being 32% in bare soil, 36% in contaminated clusters
and 48% in control clusters. Based on the results, it
has been found that organic fertilizers have better
SAS, while the average SAS has been recorded
below the control clusters for farms cultivated with
plastic-enriched fertilisers. Thus, it is inferred that
plastics have an effect on SAS and soil aggregates
are reduced. Soil is therefore quickly cracked up and
internally decreases soil health.

CONCLUSION

In the developing countries like India, agricultural
outcomes share 60% of GDP among all the economic
activities. Agricultural productivity helps to move
the country towards growth and also generating
opportunities for jobs. Indeed, agricultural



5128

development has been driven by soil quality and
systematic agricultural practices. In the soil
environment, some kind of external disruption for a
long time creates barriers to agricultural
productivity or its development; healthy soil is often
favourable to high productivity. Different aspects
have been revealed from the present study with a
new perspective. Collected data indicates that
unregulated bio-fertilizers and sludge water have
been identified as possible sources of plastic
particles in the agricultural soils. While comparing
clusters, the analysed data suggest that plastics have
caused of differences in soil health. Higher bulk
density (1.58 g/cm?®), low porosity (40.26%), lower
pore spaces filled water (38.77%) and low
aggregation (36%) all are inciting a poor healthy soil
in plastic contaminated sites. In the block, 64 % of
farmers were reported as unaware of the effect of
plastics on soil health. Consequently, lack of
knowledge of plastic waste and management has
also emerged as a major problem in the rural
environment. Micro-organisms and other biological
properties of soil, such as soil respiration and
microbial activities and even groundwater are also
influenced by plastics. There is, therefore, an urgent
need for more studies to illustrate other aspects of
this harmful impact in the terrestrial environment,
economy and human health.

ACKOWELGEMNET

The authors are thankful to Dr. Sk.Md.Azizur
Rahman, Senior Scientist and Head, KVK-ICAR,
Budbud, Burdwan and Dr. Dipankar Ghorai,
technical staff, KVK-ICAR, Burdwan for their guide
and constant technical support. The authors are also
thankful to Sri Jagannath Chatterjee, the Deputy
Director Agriculture for Burdwan (East) for
providing relevant data and supportive maps. The
authors are also thankful to Pravat Ghosal, a staff of
Soil Laboratory, Department of Geography, The
University of Burdwan, for his constant help in soil
testing and guide for using various soil testing
machines.

REFERENCES

Anikwe, M. A. N. and Nwobodo, K. C. A. 2002. Long term
effect of municipal waste disposal on soil properties
and productivity of sites used for urban agriculture in
Abakaliki, Nigeria. Bioresource Technology. 83(3) :
241-250.

MAJI AND MISTRI

Aggarwal, A. 2019. What are we doing to stop plastic
menace. Down to earth, Retrieved 23 March 2020,
from  https://www.downtoearth.org.in/blog/
environment/what-are-we-doing-to-stop-plastic-
menace-60678

Bandopadhyay, S., Martin-Closas, L., Pelacho, A. M. and
DeBruyn, J. M. 2018. Biodegradable plastic mulch
films:Impacts on soil microbial communities and
ecosystem functions. Frontiers in Microbiology. 9 :
819.

Blasing, M. and Amelung, W. 2018. Plastics in soil:
Analytical methods and possible sources. Science
of the Total Environment. 612 : 422-435.

Brodhagen, M., Goldberger, J. R., Hayes, D. G., Inglis, D.
A., Marsh, T. L. and Miles, C. 2017. Policy
considerations for limiting unintended residual
plastic in agricultural soils. Environmental Science &
Policy. 69 : 81-84.

Bronick, C. J. and Lal, R. 2005. Manuring and rotation
effects on soil organic carbon concentration for
different aggregate size fractions on two soils in
northeastern Ohio, USA. Soil and Tillage Research.
81(2) : 239-252.

Cardoso, E., Vasconcellos, R., Bini, D., Miyauchi, M.,
Santos, C. and Alves, P. 2013. Soil health looking
for suitable indicators. What should be considered
to assess the effects of use and management on
soil health?. Scientia Agricola. 70(4) : 274-289.

Corradini, F., Meza, P., Eguiluz, R., Casado, F., Huerta-
Lwanga, E. and Geissen, V. 2019. Evidence
microplastic accumulation in agricultural soils from
sewage sludge disposal. Science of the Total
Environment. 671 : 411-420.

Crawford, C. B. and Quinn, B. 2017. Plastic production,
waste and legislation. Microplastic Pollutants. 30:
39-56.

Dhayagode, N.I., Shinde, N.G., Pardeshi, R.S. 2011.
Disporsal of municipal solid waste and it's impact on
the agriculture soil property in Shelgi village of
Solarpur District. Geoscience Research. 2 (2) : 61-
69

Duckett, P. E. and Repaci, V. 2015. Marine plastic
pollution: using community science to address a
global problem. Marine and Freshwater Research.
66(8) : 665-673.

Fagerheim, A. B. 2020. The Reduction Potential of
Plastics and Microplastics in Bio-fertilizer (Master’s
thesis, NTNU).

Free, C. M., Jensen, O. P., Mason, S. A., Eriksen, M.,
Williamson, N. J. and Boldgiv, B. 2014. High levels
of microplastic pollution in a large, remote, mountain
lake. Marine Pollution Bulletin. 85(1) : 156-163.

Geyer, R., Jambeck, J. R. and Law, K. L. 2017.
Production, use, and fate of all plastics ever made.
Science Advances. 3(7) : e1700782.

He, D, Luo, Y., Lu, S., Liu, M., Song, Y. and Lei, L. 2018.
Microplastics in soils: analytical methods, pollution



PLASTIC CONTAMINATION, AN EMERGING THREAT FOR AGRICULTURAL SOIL HEALTH S129

characteristics and ecological risks. TrAC Trends in
Analytical Chemistry. 109 : 163-172.

Home| NRCS Soils. 2019. National Resource
Conservation Servise, United States of Agriculture,
Retrieved 17 January 2020, from https://
www.nrcs.usda.gov/wps/portal/nrcs/site/soils’lhome

Horton, A. A., Svendsen, C., Williams, R. J., Spurgeon, D.
J. and Lahive, E. 2017. Large Microplastic particles
in sediments of tributaries of the River Thames, UK-
Abundance, sources and methods for effective
quantification. Marine Pollution Bulletin. 114(1) :
218-226.

Hurley, R. R. and Nizzetto, L. 2018. Fate and occurrence
of micro (nano) plastics in soils: Knowledge gaps
and possible risks. Current Opinion in
Environmental Science & Health. 1 : 6-11.

Imhof, H. K., Sigl, R., Brauer, E., Feyl, S., Giesemann, P.,
Klink, S. and Muszynski, S. 2017. Spatial and
temporal variation of macro-, meso-and microplastic
abundance on a remote coral island of the Maldives,
Indian Ocean. Marine Pollution Bulletin. 116(1-2),
340-347.

Jalil, M., Mian, M. and Rahman, M. 2013. Using Plastic
Bags and Its Damaging Impact on Environment and
Agriculture: An Alternative Proposal. International
Journal of Learning And Development. 3(4) : 1. doi:
10.5296/ijld.v3i4.4137

Kibblewhite, M. G., Ritz, K. and Swift, M. J. 2008. Soil
health in agricultural systems. Philosophical
Transactions of the Royal Society B: Biological
Sciences. 363(1492) : 685-701.

Kasirajan, S. and Ngouajio, M. 2012. Polyethylene and
biodegradable mulches for agricultural applications:
a review. Agronomy for Sustainable Development.
32(2) : 501-529.

Magdoff, F. 2001. Concept, components, and strategies of
soil health in agroecosystems. Journal of
Nematology. 33(4) : 169.

Narain, S. 2018. Plastic cycle.Down to Earth, Retrieved 17
November 2019, from https://www.downtoearth.
org.in/blog/environment/what-are-we-doing-to-stop-
plastic-menace-60678

Piehl, S., Leibner, A., Léder, M. G., Dris, R., Bogner, C.
and Laforsch, C. 2018. ldentification and
quantification of macro-and microplastics on an
agricultural farmland. Scientific Reports. 8(1) : 1-9.

Qi, Y., Yang, X., Pelaez, A. M., Lwanga, E. H., Beriot, N.,
Gertsen, H. and Geissen, V. 2018. Macro and
micro-plastics in soil-plant system: effects of plastic

mulch film residues on wheat (Triticum aestivum)
growth. Science of the Total Environment. 645:
1048-1056.

Quinn, B., Murphy, F. and Ewins, C. 2017. Validation of
density separation for the rapid recovery of
microplastics from sediment. Analytical Methods.
9(9) : 1491-1498.

Singh, B., Cowie, A. and Chan, K. 2011. Soil Health and
Climate Change. Heidelberg: Springer.

Sruthy, S. and Ramasamy, E. V. 2017. Microplastic
pollution in Vembanad Lake, Kerala, India: the first
report of microplastics in lake and estuarine
sediments in India. Environmental Pollution. 222:
315-322.

Sintim, H. Y. 2018. Biodegradable Plastic Mulch:
Degradation and Impacts on Soil Health.
Washington State University.

Stevens, E. 2001. Green Plastics: An Introduction to the
New Science of Biodegradable Plastics Princeton.
NJ: Princeton University Press.

Thompson, S. K. 1996. Adaptive cluster sampling based
on order statistics. Environmetrics. 7(2) : 123-133.

Venkatesh, Kukreti, S. 2018. India’s plastic consumption
increases at over 10 per cent year on-year. Down to
Earth, Retrieved 18 December 2018, from https://
www.downtoearth.org.in/news/waste/breaching-
the- threshold-60748

Wessel, C. C., Lockridge, G. R., Battiste, D. and Cebrian,
J. 2016. Abundance and characteristics of
microplastics in beach sediments: insights into
microplastic accumulation in northern Gulf of
Mexico estuaries. Marine Pollution Bulletin. 109(1):
178-183.

Wagner, M., Scherer, C., Alvarez-Mufioz, D., Brennholt,
N., Bourrain, X., Buchinger, S. and Rodriguez-
Mozaz, S. 2014. Microplastics in freshwater
ecosystems: what we know and what we need to
know. Environmental Sciences Europe. 26 (1) : 1-9.

Wang, J., Liu, X., Li, Y., Powell, T., Wang, X., Wang, G.
and Zhang, P. 2019. Microplastics as contaminants
in the soil environment: A mini-review. Science of
the Total Environment. 691 : 848-857.

Weithmann, N., Moller, J. N., Léder, M. G., Piehl, S.,
Laforsch, C. and Freitag, R. 2018. Organic fertilizer
as a vehicle for the entry of microplastic into the
environment. Science Advances. 4 (4) : eaap8060.

Williamson, L.J. 2003. It's Not My Bag, Baby! On Earth:
Environmental Politics People 25 (2) : 32-34.




