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Abstract The accumulation of microplastics (MPs) in agricultural soils poses a growing risk to terrestrial
ecosystems, yet polymer-specific phytotoxic mechanisms remain only partially resolved. This study assessed the
effects of 2% and 5% concentrations of low-density polyethylene (LDPE), polyvinyl chloride (PVC), and
polypropylene (PP) MPs on Zea mays and Sorghum bicolor. Microplastic exposure induced reductions in plant
growth parameters and photosynthetic pigments, accompanied by enhanced oxidative stress, depending on the
concentrations. Soil enzymatic activities including dehydrogenase, acid and alkaline phosphatase were also
significantly modulated, indicating alterations in biochemical processes and nutrient cycling in soil. Among the three
types of MPs studied, the marked phytotoxic responses were witnessed in PVC, followed by LDPE, whereas PP
exhibited comparatively lower toxicity. Consistently the highest MP concentrations (5%) led to more pronounced
detrimental effects on both the plants. These findings shed light on polymer-specific and concentration-dependent
impacts of MP on plants and emphasize the critical need for deeper understanding and more comprehensive
regulatory mechanisms that could be beneficial in improving plant tolerance and various remedial measures to
reduce the effects of the MPs on the agroecosystems.
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1. Introduction

The extensive production and utilization of plastics,
along with ineffective recycling practices and
inappropriate disposal, have increased plastic pollution
worldwide [1]. Among various synthetic polymers,
polyethylene (PE), polypropylene (PP), and polyvinyl
chloride (PVC) have been largely utilized, approximately
comprising 21, 24, and 19% of worldwide plastic
production, respectively [2]. Though these polymers are
resistant to biodegradation, they can fragment into minor
particles via physical, chemical, and biological processes,
leading to the development of microplastics (MPs)
measuring less than 5 mm in diameter [3]. Due to their
ubiquitous distribution and potential ecological risks in
terrestrial ecosystems, particularly in agricultural and
wetland soils, MPs have recently attracted global attention
[4]. In general, the agricultural soils, have become chief
reservoirs of MPs as a consequence of intensive use of
plastic-based materials including plastic mulch films,
compost, irrigation water, sewage sludge, soil conditioners,
atmospheric deposition etc. Nevertheless, inadequate

recycling and inappropriate disposal of degraded and non-
degraded plastic films have emerged as noteworthy
contributors to MP pollution in farmland soils [5]. The
occurrence of MPs in soil, exert harmful effects on soil
structure, physico-chemical properties, and microbial
community composition [6]. In particular, they alter soil
physical characteristics including aggregation, aeration,
and porosity, thereby altering water and nutrient
movement. These changes may eventually affect soil
water retention and drainage, ultimately harming normal
root growth and plant development [7].

MPs adhering to root surfaces may obstruct root pores,
restricting the uptake of water and nutrients which
suppress root growth, inhibit overall plant development,
and induce oxidative stress [8]. Photosynthetic processes
are also harmfully affected under MPs stress. MPs can
obstruct cell walls and aquaporin channels in plant roots
which reduce water uptake resulting in closure of stomata
and decreased Rubisco activity as a consequence of
oxidative stress. Moreover, MP-induced stress impairs
RuBP carboxylation, reduces light-use efficiency, and
disrupts dark respiration, and thus plant photosynthetic
performance [9]. The persistence of MPs in agricultural
soils increase major issues regarding their potential impact
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on soil ecological systems and crop performance,
particularly given the wide variability in their size, shape,
concentration, and polymer composition [10]. Regardless
of these variations, MPs are broadly accepted as
detrimental to plant growth and physiological functions.
Recently, [11] found that exposure to polystyrene MPs
(PS-MPs) at a concentration of 200 mg L' reduced
chlorophyll a (chl a), chlorophyll b (chl b), and total
chlorophyll (total chl) contents in Triticum aestivum by
14.8, 19.9, and 17.2%, respectively, highlighting that MP
accumulation in plant tissues can elevate reactive oxygen
species (ROS) buildup and ultimately hinder plant
development. In addition, MPs alter soil enzyme activities,
which are crucial for nutrient cycling and plant growth
[12]. For instance, [13] demonstrated that the addition of
MPs like PE into soil led to decrease of 14.6-31.0% in
catalase, 15.4-54.8% in phenol oxidase, 39.5-61.0% in
manganese peroxidase, 16.9-40.8% in urease, 16.5-57.6%
in laccase, and 30.6-42.7% in B-glucosidase activities,
thereby reducing plant development. Fhe MPs regulate the
activities of these soil enzymes through a range of
mechanisms. First, MPs disrupt soil aggregate structure,
leading to the release of previously protected organic
matter that can stimulate microbial activity. Second, MPs
can act as rare microbial niches due to their high sorptive
potential, which enables them to accumulate microbes.
Third, MPs may alter soil physicochemical conditions,
modulating the functional performance of exoenzymes in
the soil [14]. Despite a lot of studies that have documented
that MPs impair plant growth, photosynthesis, antioxidant
responses, and soil enzyme activities, there is still a
limited understanding of how MPs of distinct types and
concentrations interact with distinct plant systems.
Therefore, the purpose of the study was to assess the
effects of three types of MPs viz., low-density
polyethylene (LDPE), Polyvinyl chloride (PVC), and
Polypropylene (PP) at concentrations of 2% and 5% on (1)
morphometric traits and photosynthetic pigment levels, (2)
biochemical parameters, (3) antioxidant responses, and (4)
soil enzyme activities of Zea mays and Sorghum bicolor.

2. Methodology

2.1. Pot Experiment

A controlled pot experiment was conducted under
laboratory conditions to evaluate the effects of MPs
namely, LDPE, PVC, and PP, applied at concentrations of
0, 2 and 5% on plant growth, physiological response and
soil enzyme activities. Soil was collected from Bharathiar
University field laboratory and sterilized by autoclaving at
121 °C for 30 minutes over five consecutive days. Seeds
of Z. mays and S. bicolor were disinfected by immersing
in 70 % ethanol for 1 minute, treated with 5% sodium
hypochlorite for 5 minutes, and subsequently washed
thoroughly with deionized water. The surface-sterilized
seedlings were transplanted into plastic pots containing
750 g of MP amended and non-amended soil in triplicates,
with four plants per pot. The pots were incubated under a
16/8 h light/dark photoperiod and after 45 days plants
were carefully uprooted, and morphometric parameters
such as root length (RL), shoot length (SL), fresh weight

(FW), and dry weight (DW) were measured.

2.2. Estimation of Leaf Photosynthetic
Pigments and Biochemical Parameters

Chlorophyll and carotenoids were estimated according
to the procedure of [15]. In brief, a 0.3 g of fresh leaf
sample was homogenized in 6 mL of 80% ice-cold
acetone and centrifuged at 12,000 rpm for 20 minutes and
absorbance was recorded at 440, 645, and 663 nm using a
spectrophotometer. Leaf relative water content (RWC)
was assessed in accordance with [16] and calculated using
the below formula:

RWC (%) =~V =PW 100
TW — DW
where FW =fresh weight, TW =turgid weight, and DW

=dry weight.

Protein content was estimated according to the method
of [17]. Fresh leaf tissue (0.1 g) was homogenized in Tris-
HCI buffer, centrifuged and 1 mL of the supernatant was
mixed with a 50:1 mixture of Solution 1 (2% Na.COs, 1%
NaK(CsH4Os), 0.4% NaOH) and Solution 2 (0.5%
CuSO0s4-5H20), incubated in the dark for 15 minutes and
Folin—Ciocalteu reagent was added, incubated and
absorbance was documented at 660 nm, and quantified
employing bovine serum albumin (BSA) as a standard.

Proline accumulation was quantified in accordance with
the procedure of [18]. Leaf tissue weighing 0.1 g was
blended thoroughly in 1 mL of sulfosalicylic acid (3%)
and centrifuged followed by 2 mL of ninhydrin and 2 mL
of glacial acetic acid addition, incubated in a boiling water
bath at 90 °C for 60 minutes and 5 mL of toluene was
added, incubated in dark for 15 minutes and quantified
spectrophotometrically at 520 nm.

Lipid peroxidation was determined following the
methodology detailed by [19]. Fresh leaf tissues weighing
0.1 g was blended in trichloroacetic acid (0.1%) and
centrifuged at 10,000 rpm for 10 minutes. An aliquot of 1
mL supernatant was mixed with 1.5 mL of thiobarbituric
acid (0.5% w/v in 20% wi/v trichloroacetic acid) and
subjected to incubation in a boiling water bath and after
cooling, centrifuged, and absorbance was recorded at
wavelengths of 532 and 600 nm.

2.3. Estimation of Leaf Antioxidant Enzyme
Activities

Superoxide dismutase (SOD) activity was determined
following the method of [20]. A 0.1 g portion of fresh leaf
tissue underwent homogenization in phosphate buffer (pH
7.8), centrifuged and 1 mL of the resulting supernatant
was combined with 0.2 mL of 200 mM methionine, 1.125
mM nitro blue tetrazolium (NBT), 1.5 mM EDTA, 50 mM
buffer and 0.2 mL of 75 pM riboflavin. The reaction
mixture underwent exposure to fluorescent light for 10
minutes, and absorbance was recorded at 560 nm.

Peroxidase (POD) activity was measured following [21].
Fresh leaf tissue (0.1 g) was homogenized in 1 mL of
phosphoric acid and the reaction mixture consisted of 2.9
mL of 0.05 mol L™ phosphoric acid buffer, 1.0 mL of 2%
H:02, and 1.0 mL of 0.05 mol Lt guaiacol. Absorbance at
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470 nm was recorded at one-minute intervals for four
minutes.

Catalase (CAT) activity was measured following the
procedure of [22]. Leaf tissue (0.1 g) was ground in 1 mL
of 50 mM sodium phosphate buffer (pH 7.8) and
subsequently centrifuged for 10 minutes. The reaction
mixture contained 0.89 mL of phosphate buffer and 10 uL
of 3% H:0.. Absorbance decrease was measured at 240
nm for 3 minutes.

2.4. Estimation of Soil Enzyme Activities

Soil dehydrogenase activity was examined following
[23] with minor modifications. Soil samples weighing 0.5
g were incubated with 500 puL of 1% triphenyl tetrazolium
chloride (TTC) for 24 hours. After incubation, 500 uL of
methanol was added, and the mixture underwent
centrifugation for 10 minutes after which absorbance was
analysed at 485 nm, and expressed as umol TPF g ' h™'.

Acid and alkaline phosphatase activities were
determined as described by [24]. Soil samples weighing
0.5 g were treated with 25 puL of toluene, 400 uL of
universal buffer (pH 6.4 and 11, and 100 pL of p-
nitrophenyl phosphate). The mixture was incubated at
37 °C for 1 hour, and added with 100 pL of 0.5 M CaCl»
and 400 pL of 0.5 M NaOH. Measurement of absorbance
was performed at 400 nm, and the activity was quantified
as pg p-nitrophenol (pNP) g ' h.

2.5. Statistical Analysis

All experiments were performed in triplicate (n = 3),
and results were expressed as mean + standard deviation.
Statistical analysis was carried out using analysis of
variance (ANOVA) in SPSS software (version 25.0).
Differences among treatment means were evaluated using
Tukey’s honestly significant difference (HSD) post hoc
test at a significance level of p < 0.05.

3. Results and Discussion

3.1. Effect of MPs on Morphometric Traits
and Pigment Levels

Plant morphometric and physiological parameters serve

as indicators of overall plant health. In the present study,
RL, SL, FW, and DW were evaluated and they showed a
significant reduction in both Z. mays and S. bicolor under
MP treatments compared to the control (Table 1). In Z.
mays, the greatest decline in RL and SL was observed
under the PVC 5% treatment, with reductions of 27 and
34%, respectively. In contrast, FW and DW exhibited
maximum reductions of 56 and 33%, respectively, under
the PP 5% treatment. A similar trend was noticed in S.
bicolor, where RL and SL decreased by 48 and 25%,
respectively, under PVC 5%, while FW and DW showed
pronounced reductions of 66 and 77%, respectively, under
PP 5% treatment relative to the control. These results were
consistent with the observations of [25] highlighting that
increasing MPs concentrations intensify their inhibitory
effects on plant growth. The observed decline in growth
parameters may be attributed to the MP induced physical
stress (eg, impeding pore function and changing soil
structure), root lignification, root cell apoptosis, and
oxidative stress, chlorophyll degradation etc [26,27].

In our study, the photosynthetic pigment content was
also markedly affected by MPs exposure (Table 2). In Z.
mays, the PVC 5% treatment resulted in reductions of chl
a, chlt b, total chl, and carotenoid contents by 95, 82, 77,
and 157%, respectively. Similarly, in S. bicolor, the same
treatment resulted decreases of 84, 95, 91, and 71%,
respectively, comparing the control. In general, the build-
up of MPs within plant tissues is known to impair
photosynthetic performance by reducing chlorophyll
content, disrupting leaf gas exchange, and diminishing
Rubisco activity [28]. Consistent with the present results,
[29] and [11] found substantial reductions in photosynthetic
pigments, indicating disruption of photosynthetic
machinery under microplastic stress. Similarly, [30] noticed
a 28.2% decrease in carotenoid content in cherry radish
following PVC exposure, whereas pigment levels
remained relatively unchanged under PA- and PP-MP
treatments. Moreover, MPs have been shown to disrupt
the molecular integrity of thylakoid membranes and
reduce the efficiency of the electron transport chain (ETC)
by inhibiting electron transfer within chloroplasts, thereby
suppressing photosynthesis [31]. Overall, these findings
strongly suggest that microplastic exposure leads to a
decline in intact photosynthetic pigment levels and thus
reduce overall plant growth [32].

Table 1. Effect of MPs on the growth of Z. mays and S. bicolor

Z. mays S. bicolor
Treatment Root length Shoot v'\jeriegsr?t Dry weight Root Shoot length Fresh weight Dry weight
(cm) length (cm) (g/plant) (9/plant) length (cm) (cm) (g/plant) (9/plant)

Control 15.3 0.3 22.3+0.7% 5.96 +0.54° 0.76 +0.01° 17.5 3.3 16.16 +4.4° 1.34 +0.01° 0.17 +0.01®
LDPE 2% 11.2 43.7° 16.3 +1.1° 3.91£0.9% 0.75+0.1% 13.5 £2.9® 14.4 £2.9° 0.6 +0.1° 0.07 £0.06°
LDPE 5% 13.7 £2.1° 18.9 +5° 4.86 +1.4% 0.52 +0.05 14.1 +£0.5® 15 +0.57° 0.87 +£0.3® 0.11 +0.04"™
PVC2% 13.16 +1.4° | 17.942.02* | 2.73+0.4b 0.59 +0.07° 10.2 0.7 14.5 +0.5° 0.670.1° 0.09 £0.03°
PVC 5% 11.1£0.68° | 14.6 +2.6° 3.12+0.7® 0.73+0.1% 9.0+1.3 11.9+1.1° 0.66 +0.18" 0.21 +0.01°
PP 2% 14.7 +0.8* 16.7 0.9* 3.11 +0.4® 0.53 +0.05° 12.2 £3.2% 13.7 +3.7% 0.51 +0.09" 0.05 +0.01°
PP 5% 12.5 £2.6° 16.5 +1.4° 2.6+1.02b 0.51£0.2% 11 +2.03* 12,5 +1.2° 0.45 +0.19" 0.04 £0.01°
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Table 2. Effect of MPs on the pigment content of Z. mays and S. bicolor
Z. mays S. bicolor
T Chlorophyll a Chiorophyll Total Carotenoid | Chlorophyll a Chlorophyll Total Carotenoid
reatment (Malg FW) b chlorophyll (mglg FW) (malg FW) b chlorophyll (Mgl FW)
9 (mg/lg FW) | (mglg FW) 99 99 (mg/g FW) | (mglg FW) 9

Control 0.13 £0.004° 0.54 +0.005% 0.68 +0.006% 1.87 £0.014° 0.25 +0.005° 0.45 +0.008% 0.7 +0.005% 1.7 +0.013¢
LDPE 2% 0.09 +0.005° 0.52 +0.005° | 0.61+0.011° 1.33+0.02° 0.10 +0.004° 0.21+0.018° | 0.31 +0.006° 1.01 £0.05°
LDPE 5% 0.07 £0.005° 0.11 +0.006° 0.18 +0.005° 0.76 +0.012° 0.19 +0.002° 0.34 +0.005° 0.53 +£0.002° 1.01 +0.01°
PVC2% 0.04 +0.005° 0.14 #0.004° | 0.19#0.007" | 0.63+0.013" | 0.27 +0.001° 0.19+£0.009° | 0.46 +0.009° | 1.82 +0.012°
PVC 5% 0.006 +0.001° 0.09 +0.008" 0.15 +0.009° 0.5 +0.009¢ 0.04 +0.006° 0.02 +0.007 0.06 +0.003¢ 0.48 +0.012

PP 2% 0.05 + 0.001¢ 0.33 +0.006° 0.33 +0.005° 1.03 +0.013° 0.2 +0.003° 0.06 +0.009° 0.27 +0.011 1.9 +0.017°
PP 5% 0.008 +0.002° 0.31 +0.005¢ 0.31 +0.006° 0.86 +0.016° 0.09 +0.005¢ 0.41 +£0.007° 0.51 +0.002° 2.47 +0.013%

LDPE - Low density Polyethylene, PVC -Polyvinylchloride and PP — Polypropylene. Values are mean + standard deviations of three replicates.
Different letters on the table indicate significant differences among the treatments using HSD Tukey’s Post hoc method at p<0.05.
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Figure 1. Effect of MPs on Relative water content (A) and Protein (B) of Z. mays and S. bicolor. LDPE — Low density Polyethylene, PVC -
Polyvinylchloride and PP — Polypropylene. Bar represents the mean + standard deviations of three replicates. Different letters on the graph indicate
significant differences among the treatments using HSD Tukey’s Post hoc method (p<0.05)

3.2. Effect of MPs on Biochemical Parameters

Leaf relative water content (RWC) serves as an
important indicator of plant water status, representing the
equilibrium between water absorbed by leaf tissues and
water lost through transpiration [33]. It is widely regarded
as a reliable parameter for assessing plant stress responses.
In the present study, RWC decreased significantly in both
Z. mays and S. bicolor under microplastic treatments
(Figure 1A). The maximum reduction in RWC was

observed under the LDPE 2% treatment, with decreases of
32% in Z. mays and 40% in S. bicolor. This was followed
by the PVC 5% treatment, which resulted in RWC
reductions of 16 and 34% in Z. mays and S. bicolor,
respectively, compared to the control. These results are
consistent with [34], where a 3.6-11% reduction in RWC
was observed in sweet potato plants exposed to PVC MPs.
Certain plant species are particularly sensitive to stress
and exhibit a reduced ability to maintain cellular water
balance, thereby impairing osmotic adjustment under
adverse conditions.
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Protein content also declined markedly in response to
microplastic exposure (Figure 1B). In Z. mays, the highest
reduction in protein content (65%) was recorded under the
2% PVC treatment, whereas in S. bicolor, a maximum
decrease of 39% was observed under the 5% PVC treatment
relative to the control, indicating a greater reduction in
protein levels at higher microplastic concentrations. In
contrast, the lowest reductions were recorded under LDPE
2% in Z. mays (23%) and PP 2% in S. bicolor (18.3%),
further supporting the concentration-dependent effects of
MPs. These results are in line with [35], where a significant
decrease in soluble protein content in Utricularia vulgaris
was noticed, which was attributed to enhanced protein
degradation or increased activity of catabolic enzymes
under microplastic-induced stress.

Proline content exhibited a pronounced increase in both
plant species, with maximum elevations of 748 and 173%
observed in Z. mays and S. bicolor respectively, under the
5% PVC treatment (Figure 2A). Similarly, [34] documented
increases in proline content ranging from 42 to 102% in
sweet potato plants exposed to PVC MPs. The enhanced
accumulation of proline is commonly associated with
reductions in RWC, as dehydration and osmotic stress
stimulate proline biosynthesis to protect cellular structures
and maintain osmotic balance [36]. This trend aligns with
the present findings, where significant reductions in RWC
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were observed in both Z. mays and S. bicolor under PVC
exposure. In support, [37] demonstrated that Lepidium
sativum plants treated with PVC MPs exhibited the highest
proline accumulation, highlighting its protective role.

Malondialdehyde (MDA), a widely used biomarker of
lipid peroxidation and oxidative stress, displayed similar
trends in both Z. mays and S. bicolor (Figure 2B). Higher
microplastic concentrations (5%) resulted in a substantial
increase in MDA content, whereas lower concentrations
(2%) induced comparatively smaller but still significant
increases relative to the control. In Z. mays, the lowest
increase in MDA was observed under LDPE 2% (15.25%),
while in S. bicolor, PP 2% resulted in the least increase
(62%). Consistent with these findings, [38] reported
increases in MDA levels of 50, 27, and 54% in lettuce and
74%, 63%, and 57% in wheat under low, medium, and
high microplastic concentrations, respectively.
Furthermore, [39] confirmed that polystyrene (PS) and
polylactic acid (PLA) MPs at a concentration of 10.0 mg
L' increased MDA levels by 38.47 and 53.42%,
respectively, in Acorus calamus L. These observations
suggest that the accumulation of PS and PLA-MPs in
plant tissues enhances reactive oxygen species (ROS)
production, disrupts cellular redox homeostasis, and
ultimately affecting plant growth.
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Figure 2. Effect of MPs on Proline (A) and MDA (B) content of Z. mays and S. bicolor. LDPE - Low density Polyethylene, PVC -Polyvinylchloride
and PP — Polypropylene. Bar represents the mean + standard deviations of three replicates. Different letters on the graph indicate significant differences

among the treatments using HSD Tukey’s Post hoc method (p<0.05)
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3.3. Effect of MPs on Antioxidant Activities

Plants possess an intrinsic defense system to mitigate
microplastic-induced  oxidative stress through the
synthesis of enzymatic antioxidants such as SOD, CAT,
and POD. SOD catalyzes the dismutation of superoxide
radicals (O:27) into molecular oxygen and hydrogen
peroxide (H202). CAT breaks down H20: into water and
oxygen, whereas POD facilitates the elimination of H.O-
and other organic peroxides. These enzymes play a vital
role in scavenging ROS and safeguarding plant cells from
oxidative damage [40]. Under stress conditions, this redox
balance is often disrupted, leading to increased
accumulation of ROS like O.™ and H20-. Elevated levels
of these ROS activate stress signaling pathways and
defense mechanisms, thereby enhancing plant tolerance to
adverse environmental conditions. Since Oz and H-O: are
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key indicators of oxidative stress intensity, their
concentrations reflect the degree of ROS-mediated
damage within plant tissues [41]. Previous studies have
consistently reported enhanced antioxidant enzyme
activities in response to increasing microplastic
concentrations. [42], and [43] noticed a significant
development in SOD, CAT, and POD activities following
exposure to various types of MPs. In agreement with these
reports, the present study revealed a pronounced elevation
in SOD, POD, and CAT activities across all microplastic
treatments in both Z. mays and S. bicolor. The highest
enzyme activities were recorded in plants exposed to 5%
concentrations of LDPE, PVC, and PP MPs (Figure 3A,
Figure 3B and Figure 3C). The observed enhancement of
antioxidant enzyme activities indicates that microplastic
accumulation within plant tissues markedly elevates ROS
production, thereby disrupting cellular redox homeostasis.
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Figure 3. Effect of MPs on SOD (A), CAT (B) and POD (C) activities of Z. mays and S. bicolor. LDPE — Low density Polyethylene, PVC -
Polyvinylchloride and PP — Polypropylene. Bar represents the mean + standard deviations of three replicates. Different letters on the graph indicate
significant differences among the treatments using HSD Tukey’s Post hoc method (p<0.05)
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3.4. Effect of MPs on Soil Enzyme Activities

Soil enzymes function as biological catalysts and play a
vital role in nutrient cycling and soil fertility by regulating
the decomposition of organic matter and supporting plant
growth [12]. Within this group of enzymes,
dehydrogenase is considered as a reliable marker of
overall soil microbial activity as it is an intracellular
enzyme found in living microbial cells and is highly
sensitive to environmental stressors [44]. In the present
study, soil dehydrogenase activity was greatly influenced
by microplastic exposure. The maximum reduction in
dehydrogenase activity was observed under the PVC 5%
treatment in Z. mays (74%) and under the PVC 2%
treatment in S. bicolor (82%) relative to the control
(Figure 4A). These findings align with [45], who found
that the addition of 0.5% polystyrene MPs (PS-MPs) and
polytetrafluoroethylene (PTFE) of size 0.1-1 um reduced
dehydrogenase activity by 20.6 and 18.7%, respectively.
MPs can influence soil enzyme activity through various
mechanisms, including binding to functional groups such
as sulfhydryl, carboxyl, and imidazole moieties, or by
displacing metal ions essential for enzyme stability and
catalytic function. Such interactions may result in complex
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and often inhibitory effects on enzyme performance under
stress conditions [46].

Acid phosphatase activity exhibited a contrasting
response, showing a significant increase under microplastic
treatments. The highest acid phosphatase activity was
recorded under PVC 2% in Z. mays (160 %) and PP 5% in
S. bicolor (160%) (Figure 4B). These observations are in
line with the study of [47], where a 36% increase in acid
phosphatase activity was recorded subsequent to the
addition of high-density polyethylene (HDPE) MPs
compared to the control. In contrast, alkaline phosphatase
activity declined under MPs exposure, with the maximum
reduction observed under PP 2% in Z. mays (72.5%) and
LDPE 5% in S. bicolor (37%) (Figure 4C). Similarly, [48]
reported a 20.8% decrease in alkaline phosphatase activity
in soils contaminated with polyethylene, attributing this
decline to disruptions in the soil phosphorus cycle induced
by MPs. Overall, these findings demonstrate that MPs can
significantly disrupt soil enzyme activities that are critical
for maintaining soil health and nutrient availability.
Alterations in these enzyme activities under MPs stress may
have long-term implications on soil functionality and plant
productivity [8].
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Figure 4. Effect of MPs on soil dehydrogenase (A), Acid phosphatase (B) and Alkaline phosphatase (C) activities of Z. mays and S. bicolor. LDPE -
Low density Polyethylene, PVVC -Polyvinylchloride and PP — Polypropylene. Bar represents the mean + standard deviations of three replicates.
Different letters on the graph indicate significant differences among the treatments using HSD Tukey’s Post hoc method (p<0.05)

4. Conclusion

The present study illustrates that MPs significantly
disrupt plant growth, physiological processes, antioxidant
defense mechanisms, and soil enzymatic activities,
depending on polymer type with effects intensifying at
higher concentrations. Exposure to LDPE, PVC, and PP
MPs led to substantial reductions in growth parameters
and photosynthetic pigments in Z. mays and S. bicolor,
indicating impaired photosynthetic efficiency and biomass
accumulation. MP stress induced oxidative damage, as
evidenced by elevated lipid peroxidation and proline
contents concurrent with a decline in RWC and protein
levels. To counteract elevated ROS, plants initiated their
antioxidant defense system, leading to an increase in SOD,
POD, and CAT activities. Additionally, shifts in soil
enzyme activities demonstrated disturbances in microbial
activity and nutrient cycling. Overall, the findings
emphasize that microplastic contamination poses a major
threat to plant systems especially at higher concentrations
and PVC exhibited the highest toxic impact on both plants,
followed by LDPE, while PP showed comparatively lower
phytotoxic  effects, indicating the necessity of
implementing effective management strategies to
safeguard the agricultural ecosystems. Further studies are
under progress employing transcriptomic approaches to
assess the molecular mechanisms through which MPs
exert impacts on plant growth and physiological response.
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