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Influence of microplastics on seedling growth
of blackgram under different soil types

ABSTRACT

The prevalence of microplastics in soil has recently attracted substantial interest as
they pose a major threat to agricultural system. A pot experiment was conducted to evaluate
the effect of polyethylene microplastics (PE-MPs) on seedling development of blackgram
(Vigna mungo L.) in two different types of soil during April, 2022 under controlled conditions
in the Department of Environmental Sciences, Tamil Nadu Agricultural University, India. The
treatments included four different concentrations of PE-MPs (0.25, 0.50, 0.75 and 1.00%)
along with a control which had no microplastics. All the treatments were replicated thrice. In
loamy soil type, germination rate declined from 87.1+0.57 (control) to 73.1+0.33 (1.00% PE-
MPs) and in clay loam soil, from 83.3+3.08 (control) to 79.8+0.03 (1.00% PE-MPs). Similarly
root and shoot characteristics also showed distinct reduction along with increasing
microplastics concentrations. Hence, the results of the study reveal that soil type has
influence over the magnitude of variations in blackgram growth parameters in the presence
of polyethylene microplastics.
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1. INTRODUCTION

Soil is one of the factors that form the basis for all the living organisms on the planet.
After the advent of green revolution and modernization, the quality of soil has been
constantly deteriorating due to release of various forms of pollutants into the soil.
Microplastics (MPs) (both primary and secondary) are newly emerging contaminants whose
abundance is found to be increasing in both terrestrial and aquatic ecosystem. Often people
are realizing that soil, in addition to the aquatic environment, is a significant sink for
microplastics. Hence, the microplastics impact on the soil ecology has been an area of mass
scientific interest in recent years [1, 2]. Change of any nature in the properties of the soail,
whether positive or negative would in turn influence crop growth. Hence, the indiscriminate
release of microplastics into the soil is an alarming situation that needs to be addressed. In
modern agriculture, polyethylene (PE) film is widely employed and thus forms a significant
source of MPs in soil. The mulch films disintegrate into microplastics due to sunlight, water,
chemical and biological degradation [3] and gradually accumulate in the field [4, 5]. In
addition to mulch film fragments, MPs might also reach soil through the application of
compost [6, 7], organic fertilisers [8, 9], sewage sludge [10-12], and waste water irrigation
[12, 13].

Microplastics have been found to directly modify soil bulk density and water-holding capacity
[14, 15], which in turn interfere with the stability of soil aggregates and biological properties
of soil. Furthermore, microplastics may modify the dominant bacterial phyla in the soil and




enzymes linked to the carbon, nitrogen, and phosphorus cycle, which might have a
consequence on nutrients cycles in the soil [15-17].

Microplastics cause a variety of harmful effects in plants, including (i) preventing plant
nutrients from being absorbed and transported by blocking cell wall pores or cell connections
[18-21]; (ii) reducing or delaying seed germination by preventing water absorption; (iii)
altering root and shoot growth [19-21]; (iv) interfering with the balance of plant chlorophyll
a/b ratios [22]. The presence of microplastics around the plant roots is more likely to promote
phytotoxicity of other soil contaminants. The influence of microplastics on soil-plant system
varies based on the shape, size, type and concentration of microplastics [20, 23-25] and soil
type [17, 26]. Yet, the studies focusing on the impacts of microplastics on plant system in
different soil types is scarce. Hence, the objective of this study is to analyze the influence of
soil type in the presence of polyethylene microplastics (PE-MPs) on the growth of blackgram
seedlings. The study was assessed based on the hypothesis that microplastics exhibit
impacts at different magnitudes on seedling growth when present in different soil types.

2. MATERIAL AND METHODS

2.1. COLLECTION AND CHARACTERIZATION OF EXPERIMENTAL SOIL

The experimental soils (loamy and clay loam) were collected from farms of Tamil Nadu
Agricultural University, India (11° 01’ 2.28” N, 76° 56’ 13.2” E and 426.6 MSL; 11° 00’
24.804” N, 76° 56’ 9.816” E and 426.6 MSL). The soil was shade dried, sieved to 2 mm to
get rid of plant residues, large rocks and gravel

and characterized as per the standard procedure [27, 28].

2.2.Characterization of microplastics and collection of blackgram seeds

The polyethylene microplastics (PE-MPs) powder used in the study was obtained from a
local polymer recycling industry named Arunachal Polymer Industries (11.07469 °N,
76.91207 °E), Tamil Nadu, India. The size, shape and elemental composition as
characterized by Scanning Electron microscope with EDAX (Quanta 250 (FEI, Netherlands))
were 6 to 600 pm, irregular particles with 90.88% Carbon, 9.09% Oxygen, 0.01%
phosphorus and potassium.

To reduce microbiological contamination, the microplastics were microwaved at 0.8 KW
for 3 minutes [24] and their sterility was assessed by nutrient agar and potato dextrose
media at different dilutions. Microplastics were added immediately to processed farm soil at
five different concentrations (T1- 0, T, - 0.25, Ts- 0.5, T4- 0.75 and Ts- 1.00% on w/w basis).
The concentrations were fixed based on the previous studies that quantified microplastics in
different soils [8]. Mixing of microplastics with soil was done by stirring with ethanol sterilized
metal rod in a metal container. The Blackgram (CO 6) variety was obtained from the National
Pulse Research Centre, Vamban, India.

2.3.Experimental methodology

The test soils (400g) with different microplastics concentrations were transferred to
clean containers. Three replications were maintained for each treatment (2 soil types and 5
concentrations). The containers were arranged randomly inside glass house at 50% humidity
and at 12h/12h day and night hours. The containers were covered with aluminum foil and
incubated for 2 weeks at 30-35° C for stabilization [24]. During incubation, the water



saturation was maintained at 50-60% water holding capacity on weight basis of each soil
sample.

At the end of stabilization period, 5 uniformly sized and healthy seeds of CO 6
blackgram variety were sown in each treatment. The seedlings were maintained for duration
of 15 days after sowing (DAS) during April, 2022 and watered regularly (at the rate of 50mL
per day) to provide sufficient moisture. To assess the influence of soil types in the presence
of PE-MPs on blackgram seedling growth, the critical parameters like germination rate,
germination time, root length, shoot length, root to shoot ratio, vigour index, leaf length and
breadth, and chlorophyll content were recorded at appropriate stages.

2.4. Statistical analysis

The data recorded for each treatment was processed and represented as mean = SD.
The statistical design fixed was Factorial Completely randomized design (FCRD) and the
data was tested using R Studio 4.1.3, to test the significance of variations among the
treatments (T), Soil type (S) and their interactions (T x S). Furthermore, Graphs were drawn
using OriginPro 2021.

3. RESULTS AND DISCUSSION
3.1.Characteristics of the initial soil

The physicochemical properties of the soils were characterized as per the standard
procedures and the results obtained were given in Table 1. The soil types are found to
be Loamy and Clay loam soil with a water holding capacity of 34 and 41%.

Table 1. Initial characteristics of the experimental soils

Parameters Loamy soil Clay loam soil
Water holding capacity (%) 34.00 41.00
Bulk density (g/cc) 1.08 1.60
Porosity (%) 41.78 49.50
Soil pH 8.68 8.47
Soil EC (dSm™) 0.34 0.39
Sail Organic Carbon (%) 0.32 0.45
Available Nitrogen (kg ha™) 267.00 240.00
Available Phosphorus (kg/ha) 25.00 20.00
Available Potassium (kg/ha™) 323.00 341.00
Texture -

Clay (%) 23.60 47.30
Silt (%) 40.50 8.70

Sand (%) 30.70 37.20




3.2.Germination rate and time taken for shoot emergence

The soil type in the presence of PE- MPs had a significant influence on germination rate.
In clay loam soil, the germination rate ranged from 83.3 (T- control (0% PE-MPSs)) to 79.8%
(Ts — 1.00% PE-MPs); while in loamy soil it varied between 87.1 (T;- control (0% PE-MPs))
and 73.1% (T5 - 1.00% PE-MPs). Irrespective of the soil type, application of 1.00% PE-MPs
significantly recorded the least germination rate. On comparing the soil type, the germination
rate was significantly lower in loamy soil compared to clay loam (Table 2). The decrease in
germination rate could be due to physical or chemical interference of microplastics with seed
imbibition or water uptake [20]. In previous studies, microplastics were reported to reduce
germination rate in cress [20, 29, 30], rye grass [31], soybean [25] and lettuce [22].

The time taken for shoot emergence was significantly affected by different
concentrations of microplastics in both of the soils. In loamy soil, the shoot emerged 4 DAS
in T, (Control - 0% PE-MPs) and after 5 DAS in Ts (1.00% PE-MPs); while in clay loam soil
shoot emergence was recorded 3 and 5 DAS in T, and Ts respectively. The delay was more
pronounced in clay loam than in loamy soil (Table 2).

3.3.Growth characteristics

The soil type with presence of different concentrations of PE-MPs exhibited significant
influence on root length. Compared to T, (control- 0% PE-MPs), an 18 and 24% reduction
was observed in Ts (1.00% PE-MPs) in loamy and clay loam soil respectively. In loamy sail,
the root length varied from 17.4 cm in T, to 14.2 cm in Ts; while in clay loam soil, the root
length of seedlings declined from 19.2 cm in T1 to 12.8 cm in Ts (Table 2). Similar results
regarding altered root length were reported in cress [20, 30], Plantago lanceolata [32], wheat
[19], maize [33], rye grass [31], broad bean [34], and carrot [23]. On comparing root lengths
of seedlings from both the soils, the decrease in root length was higher in clay loam soil.

Similarly, there were significant differences in shoot length between two soil types with
PE-MPs. Similar to germination rate, shoot length of blackgram was affected the most in
loamy soil and in both of the soils Ts recorded the lowest shoot length 14.21 (loam) and
14.74 cm (clay loam). The shoot length declined by a 35 and 23% in Ts (1.00% PE-MPs)
from control (T,) in loamy and clay loam soil respectively. The observations on shoot length
from this study are similar to the findings of Yang et al. 2021, who reported reduction in
shoot biomass by 28-50% in maize after application of a high-dose of polylactic acid (PLA)
microplastics [33].

The ratio of root to shoot (R/S ratio) varied significantly between two soil types in the
presence of PE-MPs. In loamy soil, R/S ratio was observed to gradually increase from
control (T; — 0% PE-MPs) to Ts (1.00% PE-MPs) from 0.79 to 1.01. Whereas, in clay loam
soil the R/S ratio decreased constantly from 0.99 in T, to 0.87 in Ts.

In comparison with control, the overall vigour index of blackgram seedlings declined by
39 and 31% in the treatment with the highest microplastics concentration (Ts-1.00% PE-
MPs) in loamy and clay loam soil respectively (Table 2). It was observed that the vigour
index gradually decreased as the concentration of microplastics in the soil increased. In
maize [8], duckweed [35], plantain [32], broad bean [34] and cress [29], microplastics were
found to reduce biomass.



Table 2. Effect of different concentrations of PE-MPs on blackgram seedling parameters (15 DAS) in two loamy and clay loam soil

Time taken ]
o Root Shoot Root to Vigour

Type of Germination for shoot ]
) Treatment length length shoot index

soil Rate (%) emergence )
(cm) (cm) ratio (V1)
(DAS)

Loamy T 87.1+0.57° 4+0.05° 17.4+0.06° 21.9+0.66° 0.79+0.03° 3430+77°
T 80.9+0.02" 440.16°  16.5+0.18° 18.7+0.73° 0.88+0.01%° 2856+59"
Ts 79.5+0.86° 4+0.10° 16.5+0.54° 17.5+0.16° 0.94+0.01° 2709+70°
T 73.3+0.53" 5+40.13°  14.5+0.01° 14.6+0.61° 0.99+0.04° 2138+56°
Ts 73.1+0.33° 5+0.12° 14.2+0.53° 14.240.40° 1.01+0.01* 2080+81¢
Clay loam T 83.3+3.08" 3+0.05’ 19.2+0.40° 19.2+0.54° 0.99+0.03* 3202+98"
Tz 81.7+3.09” 4+0.17" 17.6+0.40° 19.1+0.07° 0.92+0.02° 2997+87°
Ts 80.4+2.97 4+0.13' 15.5+0.63° 18.1+0.75% 0.85+0.04° 2699+91°
Ty 80.0+1.66 5+0.11° 13.1+0.01" 18.6+0.15° 0.70+0.02" 2540+76'
Ts 79.8+0.03" 5+0.21¢ 12.8+0.44" 14.7+0.57° 0.87+0.03° 2200+59°




3.4. Leaf parameters and chlorophyll content

The length of leaf in seedlings was significantly affected in both the soils in the presence
of PE-MPs. A 6 and 9% reduction in 1.00% PE-MPs from control was observed in loam and
clay loam soil respectively. In contrast, no significant difference in leaf breadth was observed
among soil types in the presence of PE-MPs. As previously observed in other parameters,
overall changes in the leaf length and leaf breadth were more pronounced in clay loam in the
presence of microplastics (Fig. 1). Similarly, a reduction in leaf development was reported in
lettuce due to microplastics by [36].
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Figure 1. Effect of PE-MPs on Leaf length and leaf breadth of blackgram seedlings in
loamy and clay loam soil (LL — leaf length, LB — leaf breadth, S1 — loamy soil, S2 — clay
loam soil)

In this study, chlorophyll a content among different treatments did not vary
significantly, however, chlorophyll b was observed to decline with increasing concentrations
of microplastics in blackgram seedlings grown in both the soil types. The total chlorophyll
content was also affected as a result of changes in the chlorophyll b (Fig. 2). Similarly, in
Chinese cabbage, polystyrene and HDPE [22] and in maize, PE-MPs were reported to
reduce chlorophyll content in leaf [8].
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Figure 2. Effect of PE-MPs on Chlorophyll a, b and total chlorophyll content in
blackgram seedlings grown with loamy and clay loam soil (S1 —loamy soil, S2- clay
loam)

The changes observed in seedling growth parameters could be due to changes in
physical, chemical and biological properties caused by the microplastics in soil. For example,
microplastics are reported to favour a certain group of microbes over others [16, 17] which
would undoubtedly disturb soil enzyme activity and in turn plant nutrient uptake dynamics.

4. CONCLUSION

The effect of microplastics on plants varies based on type, shape, size and their
interaction with various parameters surrounding the plant. So it is necessary to study how
each polymer with varying properties behave in different soil-plant systems. Through this
study, the behavior of polyethylene microplastics of size <600 um (larger microplastics) in
two different soil types on blackgram seedling growth under controlled conditions was
analysed. The results showed that the effect on blackgram varied between the soil types.
Hence, further studies on how polyethylene microplastics could influence plant growth in
natural settings are necessary to fully establish their potential impacts on soil-plant system.
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