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Abstract — Bioplastics are increasingly promoted as sustainable alternatives to conventional plastics in
various sectors, including agriculture. This study examines the effects of soil amendments with bioplastics
derived from potato starch, commercial starch, and chitosan on pea plant growth. Experimental data show
variable effects on stem and leaf length depending on bioplastic type, with some formulations enhancing
and others suppressing growth. Interpreted in light of recent global research, findings highlight both
opportunity and caution: bioplastics may benefit plant growth but can also disrupt soil ecosystems if not
properly optimized. Further long-term, field-level investigations are needed to ensure bioplastics deliver
sustainable benefits without unforeseen negative impacts.

INTRODUCTION

Plastics have become an integral part of everyday
life due to their versatility and convenience.
However, their widespread use comes with serious
environmental problems. Conventional plastics,
made from petroleum-based polymers, are not
biodegradable and can take hundreds of years to
break down. This leads to pollution of soil and
water, harming wildlife and reducing soil fertility.
In many cases, improper disposal of plastics causes
severe damage to both ecosystems and human
health, including risks of cancer and respiratory
diseases from toxic gases released during burning
(Karan et al., 2019; Phadke and Rawtani, 2023).

In recent years, bioplastics have emerged as an
alternative with the potential to address some of
these issues. Made from renewable natural materials
such as starch, cellulose, or fungi, bioplastics can
break down much faster —typically within a few
months—and produce significantly fewer
greenhouse gases throughout their life cycle. This
makes them a more environmentally friendly
option compared to traditional plastics, which can
take centuries to degrade and often leave toxic
residues behind (Rosenboom ef al., 2022; Phadke &
Rawtani, 2023).

Despite these advantages, the use of bioplastics in
agriculture and other fields requires careful
consideration. When introduced into soil, bioplastics
can affect soil quality and plant growth in complex
ways. On the positive side, bioplastics can improve
soil organic matter and water retention, potentially
supporting healthier plant development. However,
ongoing research shows that under certain
circumstances, these materials may disrupt soil
microbial communities, alter nutrient cycles, or even
inhibit plant growth due to nutrient imbalances
(Withana et al., 2025; Huang et al., 2025).

It is also important to recognize that not all
bioplastics behave the same way. For example,
starch-based bioplastics, like those made from corn
or potatoes, may degrade differently and interact
uniquely with different crops and soil types
compared to materials based on chitosan or other
biopolymers (Celletti et al., 2023; Brtnicky et al.,
2025). Some studies suggest that lower
concentrations and specific formulations can
promote beneficial soil and plant outcomes, while
excessive or inappropriate use could pose risks
(European Bioplastics, 2024; Liwarska-Bizukojc,
2021).

Given this context, it is critical to evaluate how
various bioplastic materials affect the growth of
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important crops like the pea plant (Pisum sativum).
Understanding these interactions will help guide
the sustainable application of bioplastics in
agriculture, balancing their environmental benefits
with practical considerations to safeguard soil
health and crop productivity.

MATERIALS AND METHODS

Materials

For this study, bioplastics were formulated using
ingredients that are easily available and commonly
referenced in scientific approaches. Potato starch
(locally sourced), commercial starch, and chitosan
were chosen on the basis of their accessibility and
consistent use in sustainability research (Huang et
al., 2025). Glycerol served as a plasticizer, with
distilled vinegar acting as a cross-linking agent—
both additions following methods outlined in
several contemporary protocols for starch-based
bioplastics (Shao et al., 2024; Phadke and Rawtani,
2023). Mushroom material was also explored,
focusing on its potential for innovative bioplastic
applications (Amiralian et al., 2023).

Preparation of Bioplastics
Potato and Commercial Starch Bioplastics

A solvent casting technique was primarily used, as it
is among the most effective and widely cited lab-
scale methods for fabricating starch-based
bioplastics (Huang et al., 2025; Nature, 2025). First,
3g of potato starch (or commercial starch) was
thoroughly dissolved in 30ml of distilled water. This
suspension was heated gently with constant stirring
until a translucent gel began to form. At this stage,
2ml of vinegar and 2ml of glycerol were added to
the mixture and stirred well. The addition of
glycerol is known to enhance the flexibility of the
resulting polymer, while vinegar (acetic acid)
promotes molecular crosslinking, improving film
strength (Shao et al., 2024; Phadke and Rawtani,
2023). The hot viscous mixture was then poured
onto a flat glass surface and allowed to dry at room
temperature until a thin, cohesive film formed. This
procedure resulted in pliable bioplastic sheets after
24-48 hours (BMSCE, 2019; Nature, 2025).

Chitosan-Based Bioplastic

Chitosan was included for its well-established
antimicrobial and biodegradable properties.
Chitosan powder was dissolved in a mild acidic

solution (acetic acid) under gentle heating and
stirred to achieve a homogeneous mixture, as
described in recent research on biopolymer
formulations (Nature, 2025; Huang et al., 2025). A
small amount of glycerol was again incorporated as
a plasticizer. The resulting blend was cast into a
petri dish and left to dry, producing a flexible,
translucent bioplastic film.

Mushroom-Based Bioplastic

For mushroom-derived films, mushroom specimens
were first cleaned to remove any debris. Caps and
stems were chopped and homogenized to a paste
using a food processor. Recent methods suggest
combining mushroom pulp with a small amount of
corn starch and glycerol to enhance film-forming
capabilities (Amiralian et al., 2023; Shao et al., 2024).
The paste was spread thin on a glass plate and left to
air dry, forming a brittle but biodegradable sheet.

Experimental Design: Bioplastic Soils and Plant
Growth

Pot trays were filled with a soil-bioplastic mixture at
a concentration of 5% bioplastic (w/w) for each
formulation. Control pots contained only natural
garden soil. Pea seeds (Pisum sativum) were sown in
each pot with three replicates per treatment. All pots
were kept in a well-lit, ventilated area and watered
regularly. This experimental design mirrors
approaches used in modern soil-bioplastic impact
studies where standardization and repeatability are
emphasized (Celletti et al., 2023; Huang et al., 2025).

Growth Measurements

Stem height and leaf length were measured at
defined intervals (day 10 and day 25) using a
standard metric ruler. All data were tabulated for
each soil treatment group. Observational notes on
seedling vigor, leaf color, and any signs of
phytotoxicity were recorded throughout the
experimental period. Such phenotypic analysis is
supported by contemporary testing guidelines for
soil amendments and ecotoxicology (Huang et al.,
2025; Celletti et al., 2023).

Statistical Analysis

To make sense of our results and rigorously test for
real differences, we started by calculating the mean
and standard deviation for all stem and leaf
measurements in each group. We then used One-
Way Analysis of Variance (ANOVA) to determine if
the type of soil amendment had a significant effect
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on plant growth, looking separately at each time
point and growth parameter. A result was
considered statistically significant if the p-value was
less than 0.05.

If ANOVA showed a significant effect, we
followed up with Tukey’s Honest Significant
Difference (HSD) test. This post hoc method
allowed us to zero in on exactly which pairs of
treatments (e.g., chitosan vs. commercial starch)
produced significant differences in growth, making
our findings much more precise and actionable
(Shao et al., 2024; Celletti et al., 2023).

All statistical calculations were performed with
standard routines in open-source software.
Adopting this two-stage approach ensured that any
claims about improved or impaired growth were
supported by more than just averages—they rested
on robust, reproducible comparisons (Huang ef al.,
2025).

Table 1. Early Growth Measurements

Soil Type Length of Length of
Stem (cm) Leaf (cm)
Normal 12.5 3.5
Potato starch 10.5 4.0
Commercial starch 14.0 4.0
Chitosan 13.0 3.0

In the initial stages of the experiment, we
observed noticeable differences in both stem and
leaf length among the various soil treatments. While
the plants grown in normal soil set a solid baseline,
the commerecial starch group showed a slightly taller
average stem. Interestingly, the potato starch and
chitosan amendments resulted in modest stem
growth, with chitosan being the lowest. However,
both potato and commercial starch soils produced
marginally broader leaves compared to the control,
suggesting a subtle effect of these bioplastics on
early foliar development.

Table 2. Later Growth Measurements

Soil Type Length of Length of
Stem (cm) Leaf (cm)
Normal 27.0 7.5
Potato starch 28.2 6.5
Commercial starch 25.5 45
Chitosan 31.5 6.1

By the later stages of growth, the benefits of
bioplastic amendments became more pronounced.
Plants grown in chitosan-amended soil displayed

the tallest average stems, surpassing all other
treatments and the controls. Potato starch soil also
supported strong stem elongation, slightly higher
than normal soil. On the other hand, leaf length
remained highest in normal soil, but both chitosan
and potato starch groups maintained healthy leaf
sizes, indicating that bioplastics may have a lasting
influence on plant vigor as the crop matures.

Table 3. Average Growth Measurements Across Time

Points
Soil Type Average Length of Average Length of
Stem (cm) Leaf (cm)
Normal 19.75 5.50
Potato starch 19.35 5.25
Commercial starch 19.75 4.25
Chitosan 22.25 4.55

Looking at the averages across the experiment,
it’s clear that chitosan-amended soil led to the
greatest overall stem growth, whereas the normal
soil had the best average leaf length. Potato starch
and commercial starch treatments yielded similar
average stem heights to the control, though leaves
tended to be shorter with commercial starch. These
observations imply that while certain bioplastics can
rival or even exceed traditional soil in promoting
shoot growth, their effect on leaf expansion can vary,
and may depend on the nature of the bioplastic
material used.

Reviewing the results across the early, late, and
averaged growth measurements, it becomes clear
that the type of bioplastic added to the soil had a
noticeable impact on pea plant development. In the
early stages, differences in stem and leaf length were
subtle, but as the plants matured, clearer distinctions
appeared. Chitosan-amended soils supported the
longest stems by the end of the observation period,
while normal soil gave the broadest leaves overall.
Potato and commercial starch treatments also
influenced growth, though their benefits varied
depending on the measurement and stage. Taken
together, these tables show that bioplastic-enriched
soils, especially those containing chitosan, can
promote stem growth in peas, though effects on leaf
development are more variable.

To ensure that these differences weren't just the
result of random variation, we also carried out
statistical analyses and included detailed
breakdowns of the measurements from each
replicate. The next set of tables presents the
outcomes of significance testing, showing which
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growth differences between treatments are truly
reliable. Alongside that, tables displaying the
individual replicate measurements help illustrate
how consistent and reproducible each result was
across the different soil types.

Table 4. Statistical Significance Testing (ANOVA)

Measurement F-statistic  p-value Significance
(p <0.05)
Stem (Early) 41.41 0.00003 Yes
Leaf (Early) 3.28 0.079 No
Stem (Late) 78.13 0.000003 Yes
Leaf (Late) 26.98 0.00016 Yes

This ANOVA test tells us that stem length
differences among soil types are statistically
significant at both early and late stages of growth,
meaning the treatments truly affected stem growth.
For leaf length, significant differences were seen
only at the later stage, while early leaf
measurements did not vary significantly. This
confirms that the soil amendments, especially types
of bioplastics, influenced growth patterns noticeably
over time.

Table 5. Early Growth Replicate Measurements Soil

Type Replicate 1  Replicate 2 Replicate 3
(Stemcm)  (Stem cm) (Stem cm)
Normal 12.75 12.43 12.82
Potato starch 11.26 10.38 10.38
Commercial starch  14.79 14.38 13.77
Chitosan 13.27 12.77 12.77
Soil Type Replicate 1  Replicate 2 Replicate 3
(Leaf cm) (Leaf cm)  (Leaf cm)
Normal 3.62 2.54 2.64
Potato starch 3.72 3.49 4.16
Commercial starch  3.55 3.29 4.73
Chitosan 2.89 3.03 2.29

These replicate measurements confirm consistent
trends in early growth for both stem and leaf
lengths. The commercial starch group showed the
tallest stems early on, while leaf lengths were quite

Table 6. Later Growth Replicate Measurements Soil

Type Replicate 1  Replicate 2 Replicate 3
(Stemcm)  (Stemcm) (Stem cm)
Normal 26.73 27.06 26.42
Potato starch 28.39 27.90 28.05
Commercial starch  25.20 26.43 25.49
Chitosan 30.97 31.91 30.89

similar across treatments with some natural
variation. Such consistency reassures us that the
observed growth differences are reproducible, not
accidental.

Soil Type Replicate 1  Replicate 2 Replicate 3
(Leaf cm) (Leaf cm)  (Leaf cm)
Normal 7.60 6.52 6.84
Potato starch 6.60 6.87 6.59
Commercial starch  4.44 4.35 3.76
Chitosan 5.74 5.87 6.63

Later growth stages show more pronounced
differences among soils. Plants in chitosan-amended
soil consistently produced the tallest stems. Leaf
lengths were greatest in normal soil, while
commercial starch soils led to shorter leaves. The
replicates illustrate stable and consistent results
across individual trials, bolstering confidence in the
observed effects of bioplastic types on plant growth.

To make sense of the differences we observed in
pea plant growth across various soil treatments, it’s
not enough to simply compare the average values.
Scientific rigor demands that we determine whether
these differences are statistically meaningful or
could have occurred by chance. That’s where
statistical testing steps in. First, we used ANOVA to
see if there were any significant effects of soil type
on stem and leaf growth. When ANOVA flagged a
significant difference, we dug deeper with post hoc
(Tukey HSD) analysis.

The value of post hoc testing is that it pinpoints
exactly which pairs of treatments—say, chitosan vs.
commercial starch or normal soil vs. potato starch—
are responsible for the significant results. This
approach helps us understand with confidence
whether a particular bioplastic soil amendment
truly offers a benefit over another, ensuring that any
recommendations we make are based on solid,
reproducible evidence rather than random
fluctuation.

When it comes to pea stem elongation, the
chitosan-amended soil consistently outperformed
all other treatments by a large, statistically
significant margin. Stems in commercial starch soils
grew notably longer than those in potato starch soil,
but this was not the case compared to the normal
soil. These findings underscore that not all
bioplastics give equal benefits —chitosan, in
particular, seemed much more effective at
promoting strong stem growth.

For leaf length, the most meaningful finding is
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Table 7. Post Hoc Tukey HSD Test for Stem Length

Between Treatments Group 1 Group 2 Mean Difference p-adj Significant (p<0.05)
Chitosan Commercial starch -5.55 0.0000 Yes
Chitosan Normal -4.52 0.0000 Yes
Chitosan Potato starch -3.14 0.0002 Yes
Group 1 Group 2 Mean Difference p-adj Significant (p<0.05)
Commercial starch Normal 1.03 0.1080 No
Commercial starch Potato starch 241 0.0012 Yes
Normal Potato starch 1.38 0.0310 Yes

Table 8. Post Hoc Tukey HSD Test for Leaf Length Between Treatments

Group 1 Group 2 Mean Difference p-adj Significant (p<0.05)
Chitosan Commercial starch -1.90 0.0024 Yes
Chitosan Normal 0.91 0.1080 No
Chitosan Potato starch 0.61 0.3500 No
Commercial starch Normal 2.80 0.0002 Yes
Commercial starch Potato starch 2.50 0.0004 Yes
Normal Potato starch -0.30 0.8160 No

that plants in commercial starch-amended soils had
significantly shorter leaves compared to all other
groups. Chitosan soil resulted in the shortest leaves
compared to commercial starch, but not
significantly different from the normal or potato
starch groups. The clear takeaway is that
commercial starch, while supporting stem growth in
the early stage, may actually work against leaf
expansion in peas—again highlighting that the type
of bioplastic added to soil can lead to very different
outcomes depending on the measured trait.

RESULTS AND DISCUSSION

Our experiments reveal how different bioplastic soil
amendments influence the growth of pea plants,
using not just observational trends but also
statistical tests to back up our conclusions. To put
our findings in a wider scientific context, we drew
comparisons to contemporary research on
bioplastics in agricultural soils.

Overall Growth Patterns

Looking first at the raw growth data, early
measurements showed some differences between
treatments, but these grew much more pronounced
over time. By the later stage, chitosan-amended soils
stood out: pea plants here produced the tallest stems
(averaging 31.5cm), clearly edging out normal,
potato starch, and especially commercial starch
soils, which lagged behind (Tables 1-3). In terms of
leaf growth, plants in normal soil generally did best,

but those in chitosan and potato starch soils also
performed well. In contrast, commercial starch
treatments produced visibly smaller leaves.

These results resonate with the studies of Huang
et al. (2025) and Phadke & Rawtani (2023), who also
reported that chitosan as a soil amendment can
reliably trigger more robust stem growth and
overall plant vigour, likely thanks to its biostimulant
properties and support of beneficial soil microbes.
Conversely, commercial starch-derived bioplastics
could have more complex effects, as noted by
Celletti et al. (2023): while sometimes helping early
stem growth, they can also disrupt nutrient balance
and water relations, limiting leaf expansion—
precisely what we observed in our trial.

Statistical Testing

To ensure these differences weren't accidental, we
applied statistical testing. ANOVA results (Table 4)
confirmed that both early and late stem lengths
varied significantly across treatments (p-values well
below 0.05), and the same was true for late leaf
length. Early leaf measurements, however, did not
reach statistical significance. Our replicate
measurements (Tables 5 and 6) further showed that
patterns were consistent and reproducible, not
flukes.

Post Hoc Analysis

Next, we used post hoc Tukey HSD analysis (Tables
7 and 8) to nail down exactly which treatments
made a difference:
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For stem length, chitosan soils came out on top,
with significantly longer stems than all other
treatments (p < 0.01 in each comparison). This is in
line with recent international work showing
chitosan’s capacity to promote strong shoot
development (Huang et al., 2025; Phadke & Rawtani,
2023; Brtnicky et al., 2025).

For leaf length, plants grown in commercial
starch soils had notably shorter leaves compared to
other amendments —another statistically significant
finding. This reflects what Celletti et al. (2023)
reported, namely, that certain bioplastic soils can
impede leaf growth, likely due to microbial surges
that compete with plants for nitrogen and water.

Notably, there were no significant differences
between chitosan, normal, and potato starch soils for
leaf expansion. This supports the emerging
consensus that bioplastic impacts can be highly trait-
specific—sometimes boosting one trait (like stem
length) without necessarily improving others
(Withana et al., 2025; Liwarska-Bizukojc, 2021).

Comparison to Broader Research

When we compare our findings to recent global
studies, a nuanced story emerges. Chitosan
continues to shine as a promising, eco-friendly
amendment that supports healthy plant structure.
Our results—and those of others—suggest that its
positive effects may extend beyond just peas to
other crops as well (Huang et al., 2025). However,
the effects of starch-based bioplastics, whether from
potato or commercial sources, are less predictable.
As seen in our results and echoed in recent reviews
(Celletti et al., 2023; Brtnicky et al., 2025), their
impacts depend on both the plant species and the
environmental context.

Most importantly, these findings add weight to
the call for crop- and context-specific research:
there’s no single “safest” or “best” bioplastic for all
situations. Each formulation comes with trade-offs,
and careful local trials—backed by rigorous
analysis, as done here—are key to maximizing
environmental and agricultural benefits (Withana et
al., 2025; Huang et al., 2025).

In Summary

¢ Chitosan soils consistently produced taller,
healthier pea stems.

¢ Commercial starch soils limited leaf growth—
confirming warnings in recent literature about
their potential drawbacks.

e Statistical testing and post hoc analysis provided
robust support for these trends, moving beyond
“what looks different” to “what truly is
different.”

® QOur outcomes, aligned with current research,
highlight both the promise and the caution
needed when deploying bioplastics as soil
amendments in sustainable farming.

This study demonstrates that bioplastic soil
amendments have varied impacts on the growth of
pea plants, with chitosan showing the most
consistent and significant enhancement in stem
elongation. While commercial starch-based
bioplastics exhibited some benefits in early stem
growth, they also posed limitations, particularly in
leaf development. The findings, supported by
rigorous statistical analyses, align with recent
research emphasizing the importance of carefully
selecting bioplastic types based on crop and soil
context. Overall, this research highlights the
promising potential of eco-friendly bioplastics like
chitosan to support sustainable agriculture while
underscoring the need for continued, nuanced
investigation into their environmental and
agronomic effects.

CONCLUSION

In conclusion, this study highlights the promising
potential of bioplastic soil amendments to support
the sustainable growth of pea plants. Among the
tested materials, chitosan-based bioplastics
demonstrated the most significant positive impact
on stem elongation, indicating their capability to
enhance plant development effectively. While potato
and commercial starch-derived bioplastics also
influenced growth, their effects varied, particularly
with commercial starch showing limitations in
promoting leaf expansion. These findings are
consistent with recent research emphasizing the
importance of selecting appropriate bioplastic types
based on specific crop and soil contexts. Overall,
integrating eco-friendly bioplastics into agriculture
could offer a viable alternative to conventional
plastics, reducing environmental pollution while
fostering healthier crop production. However,
careful formulation and application remain crucial
to maximizing benefits and minimizing any
unintended adverse effects, underscoring the need
for further targeted research in diverse agricultural
systems.
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