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Bio, derived from living plants or animals.
Alternative, available as another possibility.
Polymer, a substance which has a molecular
structure built up from a large number of similar
units bonded together.

Professor Mark Miodownik, University College London.
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Introduction

This inquiry aims to increase the clarity around novel materials used

to make tree shelters and guards, it also considers questions around
the necessity for tree shelters, in light of forest management and
silvicultural alternatives that can effectively obviate their need. Caution
is required to ensure these materials do not become regrettable
substitutions, presenting hazards to organisms and human health,

or contributing to social, economic and environmental burdens.
Critically, the use of bio-based and biodegradable plastics must not
compromise the necessity to reduce the production of all plastics.'

Society and Governments are challenging the over-reliance and
misuse of plastics, whilst working to eliminate all avoidable plastic
waste. ?

Plastic, like any other material, has advantages and impacts. The
problem lies with using a product once. Plastics are usually long-
lasting and due to their durability, can persist in the environment for
extended periods leading to frequent instances of litter. But the reality
is that any single-use product, regardless of their composition, has

the potential to cause damage, not only do they require substantial
energy and materials for their production, they become waste after
use and can also contribute to litter and environmental pollution.

It is important to recognise that the environmental impact of single-
use products is a concern regardless of their composition.
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The majority of tree shelters and guards are made from fossil-based
polymers like polypropylene, high-density polyethylene and polyvinyl
chloride. Whilst tree shelters and guards are recyclable, the difficulty
and expense associated with their recovery and recycling is high, and
the infrastructure in place for these processes is inconsistent. This is
the reason why there are substantial externalised costs associated
with their use, which includes the widescale and long-standing
leakage of tree shelters and guards into the environment. There has
been an increase in the range of novel materials and polymers used
to manufacture tree shelters and guards, which raises questions
about their sustainability, efficacy, ecotoxicology, and degradability.
Manufacturers in the bioplastics sector often contend that where
leakage into the environment occurs, bioplastics are a less harmful
alternative to fossil-based plastics. Regardless of the veracity of this
claim the most sensible course of action is to adhere to the Waste
Hierarchy to limit and reduce the use of tree shelters and guards,
thereby guaranteeing a decrease in waste, and leakage into the
environment associated with the tree planting and the forestry sector.?

The novel materials being used to make tree shelters and guards that
are marketed as ‘biodegradable’ are also single-use and difficult to
recover and recycle. These novel materials loosely fit into two broad
groups:

1. Card-based shelters and guards. Derived from wood pulp, which
comes directly from trees. May use recycled material, or by-products
from timber industry. The waterproof coating may be bio-based.
Some are sustainably certified by FSC or PEFC.

2. Biopolymer and bio-composite shelters and guards. Novel materials
manufactured using a range of feedstock components derived
from animal or plant sources. May use industrial by-products. They
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rely on additives such as resins, plasticisers, and stabilsers. May
include biodegradable fossil-based material. May have sustainability

certification.

Tree shelters and guards are designed for single use and
manufactured to last up to ten years, they will often use plasticisers
and stabilisers to achieve this. After this point they start to degrade
and breakdown into fragments.

Increasing woodland planting, to sequester carbon and off-set carbon
emissions, can make a significant contribution towards addressing the
climate crisis. The Forest Plastics Working Group (FPWG) agree that
increasing our area of woodland should not result in a subsequent
increase of plastics in the environment. The Group's goal is to achieve
the reduction or replacement of plastics in woodland establishment
and amenity planting with sustainable silvicultural methods and

alternatives.
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The Waste Hierarchy

This document aims to help those planting trees and woodland make
informed choices if they are considering using a tree shelter or guard.
Silvicultural methods and management controls should be considered
before resorting to a tree shelter or guard. The guiding principle
should always be the Waste Hierarchy.

PREVENT

{ REDUCE
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L
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« When planting broadleaf trees, the first and most important
decision, is to determine if a shelter or guard is necessary. In recent
decades the use of tree shelters and guards has been ubiquitous
and the default choice. Most frequently paid for with public capital,
their use in too many situations, could reasonably be described
as profligate, and their leakage into the wider environment too
frequent.

- Secondly, is it possible to reduce the volume of tree shelters or
guards used, can we guarantee that they cannot be lost from site,
and that there is a recovery and recycling plan in place.

A push for bioplastics and composites could lead to unintended
consequences. Alternative shelters marketed as biodegradable
or compostable are inherently single use and waste generating.
Therefore, they do not accord with the principles of the Waste
Hierarchy or the Circular Economy. Unless a process is followed
where we use materials in a closed-loop and circular system with
due consideration to the full impact of its lifecycle, we are simply

transferring the problem. “>°
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The Circular Economy
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Words like ‘compostable’ and ‘biodegradable’ can Iull us into a false
sense of security whilst we don't have the infrastructure to be able to
deal with these types of materials and it is likely that they will end up
in landfill where they are unable to breakdown due to lack of oxygen.
However if it is determined that tree shelters or guards are necessary
it is preferable to make reusable products that can be used a number
of times and recycled to prevent the need for single throwaway items,
and in this regard fossil-based plastic may be an option.

Prof G Henderson Chief Scientific Adviser, Defra.

Replacing single-use plastic tree shelters and guards with biopolymer
or bio-composite versions is not necessarily a solution, it is swapping
one polymer for another. Novel biopolymers and composites are
usually manufactured using the same techniques and processes

as hydrocarbon polymers such as: rotational molding, extrusion,
injection molding, or thermo forming. There are often a confusing
variety of claims made of the degradability of many alternative tree
shelter products. The biodegradability tests and standards available
do not easily reflect or replicate the range of soil and environmental
conditions in the UK.

Forest Plastics
Working Greéup




Litter and Waste

The new bio-composite and biopolymer products that have been
developed are frequently often marketed promoted as use and
forget, appearing to avoid the costs associated with recovery and
recycling. These products can bring their own sustainability and
waste management challenges, that include impacts as the material
fragments and transitions from macro sized pieces to micro particles.
During the fragmentation process the material, additives and co-
products of degradation have the potential to impact habitats and
biota.

There are significant knowledge gaps concerning these emerging
materials, including questions around if or how they degrade in the
range of UK site conditions. Their use generates waste and litter, which
could linger in the environment for decades. with the potential to
contravene Waste Regulations Act 2011. The use of these materials does
not address the litter and negative public perceptions associated with
the use of tree shelters and guards. Challenges with plastics waste and
litter were recognized in the early 1970's.”

From the early days of using tree shelters, it was apparent that the
widespread presence of abandoned degrading shelters and associated
debris in rural areas, had the potential to generate significant
opposition to their use. However, in the forestry and tree planting
sector there has been a notable lack of initiatives to address this

concern.?
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The Department for Environment, Food & Rural Affairs (Defra)

treats bio-plastics on par with conventional single-use plastics. This
approach carries significant policy implications, aligning with various
initiatives such as the 25 Year Environment Plan's commitment to
decrease plastic dependence, tackle the scourge of plastic waste and
radically reduce the waste we generate. Additionally, Defra's Waste
Management Plan for England is relevant, as well as the forthcoming
resolution 5/14 from the United Nations Environment Assembly
(UNEA), Ending Plastic Pollution, which is expected to mandate

the auditing of plastics introduced into and removed from the
environment.’

In the European Union's plastic strategy (European Commission 2018),
biobased and biodegradable plastics are seen as having both potential
benefits and drawbacks, and raises concerns about their potential to
promote irresponsible littering.”

The infrastructure needed for industrial degradation of bio-based and
biodegradable plastic waste is lacking in most locations. Separating
biodegradable from non-biodegradable plastic can be challenging,
leading to contamination which can compromise the recycling of
conventional plastics."
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A recent study entitled ‘Most compostable plastics don't work’ from
the Plastic Waste Innovation Hub and University College London
found that of sampled plastic packaging items tested, 14 per cent were
certified ‘industrial compostable’ and 46 per cent had no compostable
certification. 60 per cent of biodegradable and compostable plastics
tested under different home composting conditions did not fully
disintegrate. Whilst this study considered bioplastics used in food
packaging, it is of some relevance to forestry because it illustrates

that bioplastics that could leak into in the environment may not
breakdown as anticipated.”

The marketing and certifications for biodegradable material often
emphasise composability, which doesn’t account for real-world
scenarios. In the case of uncontrolled abandonment of biodegradable
waste in the environment degradation will not occur under specific
space and time boundaries as happens to compostable material that
is treated in a composting plant.”

While biopolymers and bio-alternative composites hold potential

to replace fossil-based polymers in some applications, their

potential impacts cannot be overlooked. The complex interactions
between biopolymers, bio-composites and soil ecosystems require
thorough investigation before adoption. Striking a balance between
environmental goals and potential unintended consequences is
essential. Robust independent research, informed policies, and
comprehensive assessments are paramount in ensuring that the use
of bio-alternatives does not compromise ecosystems or communities.
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The end-of-life options for biopolymers and bio-composites are; recycling,
incineration (energy recovery), industrial composting, anaerobic digestion
and feedstock recovery. In landfills, bio-alternative materials can
decompose anaerobically, producing methane, a powerful greenhouse
gas, and it is important that sustainable waste management options are in
place at end of use.

Individual tree protection using tree shelters or guards made from fossil
polymers can be a sustainable option, where:

« The Waste Hierarchy has been followed all other silvicultural and
management options to minimise threats to tree establishment have
been considered and exhausted.

« Where the site environment is controlled and there is no risk that tree
shelters or guards can be lost from the site. This is not feasible in riparian
zones or exposed upland areas where substantial volumes of shelters
and guards are lost to the wider environment every year. This situation
is expected to worsen due to increasing frequency of extreme weather
events caused by Climate Change.

« There is a waste management plan and resources in place to ensure that
tree shelters or guards are recovered for reuse or recycled. While PVC tree
guards are likely the least prudent choice due to their characteristic to
shatter, and challenges associated with recovery.

Plastics encompass a vast number of different chemicals and

substances. Some of these chemicals pose hazards due to their toxicity,
bioaccumulative properties, and persistence, posing threats to both the
environment and human health. Recycling alone can merely shift and
intensify chemical toxicity from one product to another, potentially leading
to environmental injustices.
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Historically, recycling rates have failed to scale or keep pace with
increasing waste production. Plastics’ chemical complexity further
hinders its recyclability and yields plastics of lower material value
and higher toxicity. Both mechanical and chemical processes rely on
blending recyclate with even greater quantities of virgin feedstock.

The same piece of plastic can usually only be mechanically recycled
two to three times before its quality decreases to the point where it
can no longer be used. This is likely to be the case for biopolymers and
composites also, reducing available waste management pathways to
incineration or industrial composting.”

Significant reductions in waste generated by the forestry and
woodland sector can be achieved by minimising the use of tree
shelters and guards, and by implementing effective recovery and
recycling processes for legacy shelters and guards already in the
environment.

The Reducing the use of Plastic in Woodland and Amenity Planting

document can help the practitioner use less plastics in their projects.
It gives practical advice on alternatives to tree shelter and guard use,
current legislation and the scope of plastic use.

The salient point is that tree shelters and guards, whether bio-based or
fossil-based, should not be discarded in the environment because they
are described as biodegradable or compostable. The persistence time
in the environment is unknown, there are significant knowledge gaps
concerning their effects in the environment, this approach creates litter
and waste, and lacks empirical support.
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Ecotoxicology

An issue with tree shelter and guard products is that once they are
placed in the environment they are not controlled, and significant
volumes are lost during gales, storms and floods, or simply left and
neglected to become a legacy problem. UK soils are typically low
nutrient ecosystems and the consequences of introducing material of
unfamiliar origin remain uncertain.

There are concerns regarding the additives biodegradable polymers
and composites contain, similar to conventional plastics, bio-based
polymers and composites incorporate additives for functional
enhancement and desired properties. While biopolymers are

often positioned as a more environmentally friendly substitute for
fossil-based plastics, it remains uncertain whether they are safer in
terms of their chemical constituents. Some chemicals of concern
found in conventional plastic products, including phthalates and
per- and polyfluoroalkyl substances (PFAS), have been identified in
biodegradable or bio-based materials. Furthermore, there is a lack of
evaluation regarding the behavior of chemical additives, including
their potential to leach into the environment and their persistence after

polymer biodegradation.™ ™
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Materials can have negative impacts in three areas:
physical, chemical, biological

Physical Chemical Biological
« Entanglement « Additives « Impact Organisms
« Ingestion « Degredations « Impede plant roots
« Occlusion Profucts and growth

« Pathogen adherence

Occlusion refers « Alterations

to closing or to microbial
blocking vessels, communities

ducts or tracts « Impacts on nitrogen
within an animal and carbon cycling

or organism

Leakage, improper disposal and inadequate recycling of materials
results in environmental pollution, this is a significant and growing
challenge recoginsed by society, governments and the plastics

industry itself.”

Discarded products can find their way into soils, waterbodies and
other ecosystems, causing harm to wildlife and degrading natural
habitats. Polymers can take many decades to breakdown, persisting
in the environment long after the intended use, as they degrade into
smaller particles they can be difficult to manage and have potential
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to enter food chains affecting both terrestrial and aquatic organisms.
Debris can accumulate in soils, affecting soil health, nutrient cycling
and water infiltration.

There is concern that if biodegradable plastics accumulate in soils they
could generate microplastics, and release chemical additives more
rapidly than non-biodegradable plastics.”

Biodegradable plastics have also been shown to deteriorate into
microplastic fragments under controlled freshwater and seawater

experiments.””?°

Ecotoxicological data for biodegradable polymers is limited, and unlike
many other chemical substances, European legislation on chemicals
(REACH) currently does not encompass the environmental impact
assessment of biodegradable polymers. A recent proposal from the
European Chemicals Agency (ECHA) calls for more stringent criteria
for these materials. Studies show variable biodegradation rates across
different environments, exposure conditions, seasons, microbial
communities, and polymer properties. In unfavorable conditions,
biodegradable plastics may persist in the environment for extended
periods.
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Ecotoxicity testing focuses on a restricted number of test species

and does not measure possible impacts of the material and co-
products of degradation on a range of species or habitats. For
example, assessing effects on ecosystem function, microbial and
invertebrate communities, bioturbation rate, organic matter use

and decomposition are rarely evaluated. Biodegradability tests are
not usually reflective of the UK climate. For example ISO 17556:2019,
which is used to determine the biodegradability of plastics in soil, tests
materials in the dark or in diffused light at a maintained temperature
constant to within +2 °C in the range between 20 °C and 28 °C, and
preferably 25 °C. This fails to replicate the natural environment and
raises the question of why we should support the use of tested
materials when the standard doesn't address this important issue or
account for the range of leakage scenarios in the environment.

It is advised to remove all tree shelters and guards from the
environment for the purpose of regulated recycling.”

Several studies have indicated that bio-based polymers release twice
as much carbon dioxide (CO2) during biodegradation compared to
fossil-based plastics. Furthermore, bio-based plastics may present
similar toxic concerns as their conventional counterparts, challenging

the notion of their inherent environmental superiority.”

Research is starting to highlight health concerns associated

with biopolymers, as well as issues relating to the recycling of
biodegradable and fossil-based polymers. Bioplastics and plant-based
materials are marketed as sustainable substitutes for traditional
plastics, yet their chemical composition and safety remain largely
unexplored. A study 43 everyday bioplastics and plant-based
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products using bioassays aimed to evaluate their safety compared to
conventional plastics from a chemical perspective. A total of 41,395
chemical features were detected, with 343 priority compounds
identified, including monomers, oligomers, additives, lubricants,

and unintended substances. The toxicity and chemical profiles of
the materials varied, and revealed that 67% of samples exhibited

in vitro toxicity, with more bioplastics and plant-based materials
showing baseline toxicity than their petrochemical counterparts. The
study found no significant differences in toxicological endpoints, it
emphasised the need to address sustainability and chemical safety
simultaneously, whilst developing and creating genuinely improved
plastics or alternatives requires minimising carbon, energy, water,

social impacts and land footprints.”*
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The following should be used in conjunction with the References
and Supplementary Information found on page 44..

Sustainability

Avoiding the depletion of natural resources in order to maintain an
ecological balance. Encompasses economic viability, environmental
protection, social equity, and the reduction of carbon emissions, and
ceasing the displacement of food production in low income countries.”

Are the products sustainably manufactured and are accredited
sustainability standards in place?

Consider the sustainability of the feedstock and other component
additives such as resins, plasticisers, dyes, and UV stabilisers. Are
sustainability standards in place?

CERTIFICATION / STANDARD / BEST PRACTICE
Independent life Cycle analysis is currently being undertaken by UCL.”

The UK has set ambitious targets to reduce its carbon emissions
domestically, but a significant portion of its carbon footprint is
generated overseas due to the importation of goods. This offshoring

of production and associated emissions is not currently accounted

for in national emission reporting or addressed by domestic climate
policies. An aspect of our overseas environmental footprint is the

UK's demand for a range of agricultural and associated commodities.
Between 2016 and 2018, the land area equivalent to 88% of the total UK
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land area was assessed to be required to meet the UK's demand for
these products, resulting in increased greenhouse gas emissions and
negative impacts on biodiversity abroad. This trend has been driven
by rising demands for these commodities, current legislation does not
mandate the monitoring or mitigation of the environmental impacts
associated with the importation of materials.*

Accreditations: LCA database® and supplier sustainability screening
details from Sedex®, ETI ** or EcoVardis.**

Scottish Waste Environmental Footprint Tool (SWEFT) for example,

in development by Zero Waste Scotland, focuses on accurate and
representative data that is needed to estimate environmental impacts
according to international best practice.®
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Is the material produced in a certifiable way that doesn't damage
the environment. Does the material avoid competition with the
world's food supply particularly in developing countries and reduces
deforestation.

CERTIFICATION / STANDARD / BEST PRACTICE
Look for recognised accreditation standards for example: Fairtrade®,

Forest Stewardship Council®’

, Programme for the Endorsement
of Forest Certification®, Soil Association®, Global Organic Textile

Standard®, International Sustainability and Carbon Certification®.

Consider carbon accounting and scope 1, 2 and 3 emissions.

Where are the feedstock and other components grown, derived,
processed, and manufactured. Consider the impacts of tree shelters
and guards from an aesthetic, social and community perspective.
Continued profligate dependence on this category of products fails
to adequately address the substantial volumes of leakage into the
environment and pervasive concerns regarding visual amenity,
plastics pollution, litter, and waste management.

CERTIFICATION / STANDARD / BEST PRACTICE
Fairtrade, International Sustainability and Carbon Certification, plus
those above.
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Embodied Carbon Lifecycle, lllustrating associated

carbon emissions and waste pathways
EMBODIED EM BODIE EMBODIED EMBODIED EMBODIED EMBODIED EMBODIED

D D> Dd DD D D £ reuse

GMG
EMISSIONS

- =p , =y

TIME EXTRACT RAW TRANSPORT MANUFACTURE PRODUCTS TRANSPORT TO SITE TREE PLANTING RECOVERY FROM HAUL AWAY WASTE
MATERIALS TO FACTORY THE ENVIROMENT OR MATERIALS
ABANDONMENT AND LEAKAGE

Embodied carbon lifecycle

CERTIFICATION / STANDARD

ISO 14064 Carbon Footprint Verification supports preparation for
future greenhouse gas legislation, management of carbon risk
exposure, and helps identify areas for improvement.

The standard also helps improve efficiency and cutting costs through
reduced energy consumption.

University College London undertook life cycle assessment and
investigated end-of-life strategies for a range of different tree shelter
products. The concept of embodied carbon encompasses the total
CO2 emissions generated in producing and using materials. The
research showed that the CO2 generated through the manufacture
and recycling of fossil polymer tree shelters is lower than the carbon
emissions resulting from the manufacture and use of biopolymer
shelters. The preferable option was complete avoidance of tree shelter

usage.”*
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Materials can have three main impacts - physical, chemical and
biological. When they leak into the environment they can impact
across terrestrial and aquatic ecosystems. Over the past several
decades, pollution of the world's oceans by plastics and other
materials (referred to as ‘marine debiris’), has been increasing. This
pollution, can come from nearby or distant locations, and has diverse
environmental consequences.*

BEST PRACTICE

Physical impacts can include entanglement, ingestion and occlusion.
Chemical impacts can include additives and degradation products.
Biological impacts can include the impact on organisms, if it impedes
plant root and growth, any adherence to pathogens, alterations to
microbial communities, and impact on nitrogen and carbon cycling.
Risk of downstream impacts to watercourses and seas. Follow the
Waste Hierarchy. Caution against use in riparian zones, and exposed
upland locations where there is a high likelihood of leakage of tree
shelters or guards into the environment.
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Increasingly site managers are seeking to reuse tree shelters. Carryout
an assessment of the reusability of tree shelters and guards before
purchase, including durability of the product and the ability to
refasten them to anchoring stake.

BEST PRACTICE
The Forest Plastics Working Group (FPWQ) issued guidance on the
reuse of shelters.®

There are several tree shelter recycling hubs across England, Wales,
and Scotland. Landowners are able to transport their redundant
tree shelters to a central hub site where they will be taken away for
recycling.

BEST PRACTICE
tubex.com/recycling can provide details of free of charge recycling
schemes.*®

The Forest Plastics Working Group are looking at ways of identifying
redundant tree shelters in the landscape by enlisting citizen science
to map where this waste material can be found.”
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Effectiveness

The ability to produce a desired or intended result.

Will the tree shelter or guard provide the required level of protection
for the required period of time?

Where shelter or guard use is considered necessary, they should provide

protection for at least five years and up to ten where growing conditions
are difficult or the species slow growing.

Practitioners should take into account the environment and extremes
such as wind, heat, rain, freezing temperatures. There is likely to be a
significant difference in the performance of a shelter in the lowlands
compared to the uplands.

CERTIFICATION / BEST PRACTICE
The efficacy of fossil polymer shelters is well understood.*

A large scale independent research trial is currently underway and
being delivered by Forest Research.”

The results on alternatives to fossil polymer tree shelters are not
expected until 2026 but early results can be found in the appendices.®

Laboratory based weathering trials are carried out by some
manufacturers. A difficult challenge with laboratory-based tests is
replicating the range of actual site conditions encountered across the
UK.
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0.6/1.2/other - square, circular, vented? Shelters need to be appropriate

for the tree species and browser pressure.

BEST PRACTICE
Manufacturer specification sheet will give more detail. The Forest
Research trials will provide site-based results.

Ensure the shelter is handled and installed correctly in accordance
with manufacturer’s instruction. If the intention is to reuse, ensure that
the chosen tree shelter or guard has a fastening system that can be

repeated.

BEST PRACTICE
Manufacturer specification sheet will give more detail.

Most shelters require a tie. They need to be effective, shelters that

detach can cause pollution.

BEST PRACTICE
There are alternatives to nylon plastic ties for example made from steel

and bioplastic.
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Note stakes or canes and sizes. Assess for reusability or the ability to be
collected for reuse or recycling.

BEST PRACTICE

Stakes should be sustainably sourced and PEFC or FSC certified.”

Are the stakes sound and free of large knots or weaknesses that can
cause the stake to break and fail resulting in the tree shelter being lost.

Survey and inspect the site during the planning stages to understand

potential mammal threats and impacts. Which mammal species are
present on site or in the locality that can affect tree establishment
success. What other management and silvicultural options can be
used before resorting to tree shelters?

For example: deer species, sheep or livestock, voles, hare, rabbits. Can
these animals be controlled, excluded or removed and their impacts
minimised?

BEST PRACTICE

There are several suggested shelter lengths for different browsers.”
Large shelters over 1.5m can negatively impact the structural strength
of trees and their form.
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Tree shelter use can have adverse effects on the growth of a range of
tree species often leading to poor stability and form. Concerns arise
regarding the structural integrity of tree stems. This is an issue in the
case of oak trees that is exacerbated when larger shelters are used.
Scots pine do not thrive in tree shelters.

32

BEST PRACTICE

Early evidence through Forest Research Tuley Tube™ trials.
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Degradability

Regardless of the origin of the feedstock - whether fossil-based

or bio-based - all tree shelters and guards should be recovered

from site once they have served their purpose. The degradability

of a material is primarily determined by its chemical composition
rather than whether it is derived from bio-based or fossil sources.
Degradability refers to the way a material breaks down, disintegrates,
or decomposes into simpler components over time, typically through
natural processes or environmental conditions. This breakdown can
occur through various mechanisms, including chemical, biological, or

physical processes.™

In the context of environmental sustainability and waste management,
biodegradability often refers to a material's ability to undergo
decomposition without causing harm or leaving persistent residues.
Biodegradable materials, for example, are substances that should

have the capability to be broken down by microbial action into simpler
substances like water, carbon dioxide, and organic matter.

Will the shelter you select degrade leaving no detrimental effects
the the environment?
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How long does it take to degrade? Impacts of concentrations of

materials and co-products on soil organisms. Soil ecology is highly
susceptible to perturbation.

CERTIFICATION / STANDARD / BEST PRACTICE

There are several standards for biodegradability, however, there are
significant knowledge gaps regarding the degradability of biopolymer
and alternative tree shelters. Independent studies on biomaterials are
currently taking place through the University of Plymouth, University
College London and others, research is ongoing.”

Some shelter manufacturers have begun to independently certify their
products. Evidence should be provided by the manufacturer and then
referenced to central databases.

It should be considered that certification tests are unlikely to replicate
UK forest conditions. Most classic toxicity testing omits any study of
effects on ecosystem functioning. The approaches are concerned

with individuals, or at very most population effects, so the endpoints
measure the effects of a contaminant on mortality, growth and
reproduction. If some of the test worms die, overall (at the population
level) there may be less worms in the soil. But that's as far as they go.
How plastics affect more complex ecosystem functioning, for example
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microbial / invertebrate community structure, bioturbation rate,
organic matter use and decomposition and soil properties are not
evaluated. If plastics persist and do not biodegrade over ecologically
relevant timescales, (e.g., a few years), they can alter soil properties,
most notably the water retention, stability of soil aggregates or soil
temperature. While initially these don't seem like they could be
significant, there may be consequences on plant growth if water

is limited, especially as global temperatures increase, and drought
may become more frequent. These subtleties are not routinely
evaluated. There aren’t any standards (like ISO or OECD) that assess
the effect of a substance on ecosystem function. If not recovered and
recycled, biodegradable tree shelters will be a localised point source of
pollution, there will also be wider leakage into terrestrial and aquatic
ecosystems.

Standards include OECD 208, OECD 222°, OECD 301B*®, TUV
Austria mark™, EN ISO 17556%. European Bioplastics seedling logo for
industrially compostable products.”
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CERTIFICATION / STANDARD / BEST PRACTICE

Very few products currently advertised as ‘compostible’ will
satisfactorily compost in home or domestic composters. OK Compost
Home® standard will see a product degrade in temperatures of

40 degrees centigrade. The majority ‘bio’ materials need higher
temperatures, usually between 55 and 70 degrees centigrade, so that
the material can break down and be digested by bacteria. This is only
achievable in specialised recycling facilities. Alternative tree shelters
and guards should not be left in the environment.

Macro and micro-plastic waste and litter.

BEST PRACTICE

Does the product create a harmful macro or micro plastic waste as
it breaks down? There are strong concerns that biopolymers and
composites can form microplastics. Microplastics are tiny plastic
particles that measure less than 5 millimeters in size. While
biopolymers are often promoted as more environmentally friendly
alternatives to fossil-based polymers because they are derived from
renewable resources such as cellulose, they can still break down into
smaller plastic particles over time.

The degradation of composites and biopolymers occurs through
exposure to sunlight (photodegradation), mechanical forces, and
microbial activity. As they break down, they can fragment into smaller
pieces, some of which may be in the form of microplastics.
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It's important to note that the environmental impact of biopolymers
and similar composite materials in terms of microplastic pollution can
vary depending on the specific type and the conditions it is exposed
to. While biopolymers and composites may have advantages in
terms of reduced reliance on non-renewable fossil-based sources and
potentially lower greenhouse gas emissions during production, they
are not necessarily immune to concerns about microplastic pollution
when they degrade in the environment. Recovery and recycling

of biopolymer and bio-composite tree shelters and guards is an
important consideration for mitigating their potential contribution to
microplastic pollution.

Details of constituent materials used to form novel bio alternative
shelters is required in case components are an allergen for some
people.

Refer to manufacturer specification.
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OTHER ASPECTS TO CONSIDER:

Fossil polymer compared to biopolymer or card tree shelters and
guards.

Biopolymer and bio-composite tree shelters and guards are typically
up to three times more costly than the fossil polymer shelter and
guards, whilst some ‘card’ based products are generally cheaper.
Biopolymers tend to be a more difficult material to work and therefore
more expensive to produce.
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Contractor costs.

CERTIFICATION / STANDARD
If tree shelters are heavier or take longer to install contractors can
charge more for biopolymer and composite tree shelter installation

and transport costs compared to fossil polymer tree shelters.

How can bio-composite and biopolymer shelters be recycled?

Biopolymers and bio-composite materials can contaminate fossil
polymer recycling streams and should be kept separate. Biopolymers
and bio-composites will need to be recovered and processed in
industrial composting facilities.

How can composite and biopolymer shelters be recycled? Composite
and bio polymers can contaminate fossil polymer recycling streams
and must be kept separate. It is likely that most bio polymers and
composites will not be recycled and repurposed, and will be managed
through industrial composting processes rather than recycling,
because of the type of material and lack of recycling facilities for bio
polymers and composites in the UK. Recycling of plastics in the UK
land based sector is inconsistent, it is estimated that 103,500 tonnes of
non-packaging agriplastic waste are produced annually in the UK, with
only 20-30% being reprocessed into new products.*

BEST PRACTICE
Recycling hubs currently offer this service free of charge.
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There are range of case studies on the
Forest Plastics Working Group™ website
that silvicultural and management
technigues that are alternatives to
plastics or can reduce their use:

Experience of plastic reduction in Stirlingshire:
www.forestplasticsworkinggroup.co.uk/resourcehub/experience-of-plastic-reduction

Natural Regeneration and Learning at Howgill Side, Yorkshire Dales:
www.forestplasticsworkinggroup.co.uk/resourcehub/natural-regeneration-and-learning-at-
howgill-side-yorkshire-dale

Deer management and natural regeneration at Mar Lodge, Scotland:
www.forestplasticsworkinggroup.co.uk/resourcehub/experience-of-plastic-reduction-86w2x

Plastic Reduction: Abberton Reservoir Nature Discovery Park, Essex:
www.forestplasticsworkinggroup.co.uk/resourcehub/abberton-case-study
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Definitions

There is little consistency in the use of the terms “bio-based”,
biodegradable”, and “compostable”, this results in ambiguous product
descriptions and confusion relating to material properties, disposal
pathways and potential benefits.*

The classification of plastics is difficult, for example, European
Bioplastics has confirmed that in a final biodegradable product, fossil-
based polybutylene adipate terephthalate (PBAT) is always mixed with
biobased PLA or starch blends.®*®’

Bio-based polymers

Non-biodegradable Biodegradable
Bio-based polymers Bio-based
polymers

Compostable plastics
Biodegradable polymers

Non-biodegradable Biodegradable
Fossil-based polymers Fossil-based polymers

Non-biodegradable polymers

Fossil-based polymers

Categories of bio-based, fossil-based, biodegradable and non-biodegradable plasti(:s.68
The conflated term ‘bioplastics’ comprises

1) Fossil-based biodegradable polymers,

2) Bio-based biodegradable polymers and

3) bio-based non-biodegradable polymers.
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Bio-based Plastics composed or derived in whole or in part of
renewable, biological products (including plant/forestry, animal
and marine biomass). They are not necessarily biodegradable or
compostable. Depending on the type of polymer that is created
they can be recyclable, although not necessarily within established
plastics recycling processes.

Biodegradable Plastics these can be made from renewable or fossil
carbon sources, and are intended to biodegrade more rapidly than
conventional plastics but require specific conditions. Biodegradation
depends on environmental conditions: temperature, humidity,

and oxygen. Almost any product could be labelled ‘biodegradable’
because most things will break down at some point in the future.
Fossil-based polymers can also be manufactured and marketed as
biodegradable. The term biodegradable can be misleading because
it does not refer to how long the material will break down.

Bio-sourced - a biological source of some material. Material
intentionally made from substances derived from living (or once-
living) organismes. This is differentiated from fossil-based plastic,
which is also derived from once- living organisms. These can still
be defined as plastic and can still have the same characteristics,
including long life spans and lack of degradability.

Compostable a subset of biodegradable plastic. While some are
intended to be ‘home compostable’, most need to be collected and
transferred to appropriate industrial facilities. This distinction may
not be adequately labelled on products.
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Fossil polymer refers to a type of polymer or plastic material

that is derived from fossil fuels, such as petroleum or natural gas.
Many synthetic polymers, including plastics, are produced from
petrochemicals, which are derived from fossil fuels. These polymers
are often referred to as “petroleum-based polymers” or “fossil fuel-
derived polymers” because they are made from hydrocarbons
obtained from the decomposition of ancient organic matter (fossils)
found deep within the Earth.

Hydrocarbons are chemical compounds composed primarily of
hydrogen (H) and carbon (C) atoms. These compounds are the
fundamental building blocks of organic chemistry and play a
significant role in the composition of many organic compounds,
including fossil fuels and plastics. Hydrocarbons can vary in
complexity and structure. Hydrocarbons can be found in various
natural sources and are primarily derived from organic matter.
The majority of hydrocarbons come from fossilized organic matter
buried deep within the Earth over millions of years. This organic
matter, typically from ancient plants and marine organisms,
undergoes heat and pressure, transforming into fossil fuels like
petroleum (crude oil), natural gas, and coal, or plastics.

Industrially Compostable biodegradable plastics which are
compostable in industrial facilities. Usually rRequires temperatures
of between 55 to 70 degrees Celsius to enable microbes to degrade,
the biopolymer plastic, at which point it breaks down to water,
biomass (carbon) and gasses. In order for these materials to break
down, they must be processed in Industrial Composters, not
Anaerobic Digestion (AD) plants.
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Oxo-degradable and Oxo-biodegradable refer to plastics
containing pro-degradant agents that aid the biodegradation
process. Currently such technologies are unproven and are
considered to be a source of microplastic pollution. Defra is
considering introducing a ban on oxo- degradable plastics, some
countries in Europe have banned these products.

Biodegradability and Waste regulations

Many ‘biodegradable’ products require high temperatures and
industrial processing before they can biodegrade or compost. Tree
shelters and guards marketed as ‘biodegradable’ or ‘compostable’
require industrial processing to recycle them, and they may or may
not have been measured against a number of biodegradability
standards. Existing tests and standards are limited in scope;
laboratory tests use simulated weathering which cannot easily
replicate the range of site, soil and climatic conditions found across
the United Kingdom. Standard ecotoxicity testing is carried out
against a limited number of species and not communities. Tests
will often grind the material to powder before testing further

in samples. In practical situations, to powderise, disperse and
incorporate degrading tree shelter and guard material into soil is
clearly unrealistic and it is likely that many ‘biodegradable’ tree
shelter and guard products will remain largely intact or in sizeable
fragments potentially for decades and may fall within scope of
waste regulations. and guidelines including The Waste (England and

1.

Wales) Regulations 201
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and- sustainability/

The Forest Stewardship Council is an international non-profit, multistakeholder
organisation established in 1993 that promotes responsible management of the world’s
forests via timber certification. www.fsc.org/en
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ISCC is a globally applicable sustainability certification system and covers all sustainable
feedstocks, including agricultural and forestry biomass, biogenic wastes and residues,
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products, contributing factors, such as amount of light and wind exposure, and pro-degradant
ingredients added to polymers, it is not possible to provide accurate guidance on the reuse

of plastic shelters. There is a potential bio-security risk when reusing tree shelters and guards
of introducing pests or diseases to a new site. www.tinyurl.com/FPWGguidance

Yorkshire Dales Millennium Trust and several other partners, alongside the FPWG and
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there still lies the issue of recovery from site which tales volunteer time. (PVC) can be
recycled through Rainbow Professional - www.rainbow.eu.com and collection hubs are
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Efficacy on standard plastic shelters is well-known: The Use of Treeshelters, 1992 Survey, Gary
Kerr. www.cdn.forestresearch.gov.uk/1995/09/fctpO11.pdf
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www.forestplasticsworkinggroup.co.uk/videos/v/drO9hpkmx3gdkgyff7dcjd995441s84

As the pioneer of forest certification, the Forest Stewardship Council (FSC) sets the standard for
responsible forest stewardship. www.fsc.org/en/fsc-standards

Dr lan Willoughby of Forest Research notes the ideal shelter sizes as voles (0.25m tubes
required), rabbits (0.em tubes required), hares (0.7 m tubes required), roe and muntjac deer (1.2
m tubes required), sheep and goats (1.5 m tubes required), fallow, sika and red deer (1.8 m tubes
required).

The growth of young oak trees in shelters - https://academic.oup.com/forestry/article-
abstract/58/2/181/591901
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Biodegradable plastics in the open environment: Dr. Winnie Courtene-Jones, Post-Doctoral
Research Fellow, University of Plymouth. http://www.ydmt.org/resources/ images/woodland/
Plymouth_plastics_conference.pdf and www.youtu.be/CsV4-W2GtGE

OECD 208 - Test No. 208: Terrestrial Plant Test: Seedling Emergence and Seedling Growth
Test. This Test Guideline is designed to assess effects on seedling emergence and early
growth of higher plants following exposure to the test substance applied to the soil surface
or into the soil. Seeds are placed in contact with soil treated with the test substance and
evaluated for effects following usually 14 to 21 days after 50 % emergence of the seedlings in
the control group. Endpoints measured are visual assessment of seedling emergence, biomass
measurements, shoot height, and the visible detrimental effects on different parts of the
plant. The test can be conducted in order to determine the dose-response curve, or at a
single concentration/rate as a limit test, according to the aim of the study. An appropriate
statistical analysis is used to obtain effective concentration ECx or effective application rate
ERx for the most sensitive parameter(s) of interest. Also, the no observed effect concentration
(NOEC) and lowest observed effect concentration (LOEC) can be calculated in this test. www.
oecd-ilibrary.org/environment/test-no-208-terrestrial-plant-test-seedling-emergence-and-
seedling-growth-test_9789264070066-en

OECD 222 - Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei). This
Test Guideline is designed to be used for assessing the effects of chemicals in soil on the
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reproductive output (and other sub-lethal end points) of the earthworm species Eisenia fetida
or Eisenia andrei. Adult worms are exposed to a range of concentrations of the test substance
either mixed into the soil or applied to the soil surface. The range of test concentrations is
selected to encompass those likely to cause both sub-lethal and lethal effects over a period

of eight weeks. The limit test corresponds to one dose level of 1000 mg/kg. This study includes
the observation of unusual behaviour and morphology, the counting and weighing of the adult
worms after the four primary weeks, the number of juveniles hatched at the end of the second
4-week period. The reproductive output of the worms exposed to the test substance is
compared to that of the control(s) in order to determine the no observed effect concentration
(NOEC) and/or ECx by using a regression model to estimate the concentration that

would cause a x % reduction in reproductive output. The test concentrations should bracket
the ECx so that the ECx then comes from interpolation rather than extrapolation. www.
oecd-ilibrary.org/environment/test-no-222earthworm-reproduction-test-eisenia-fetida-eisenia-
andrei_9789264264496-en

OECD 301B - Ready Biodegradability. This Test Guideline describes six methods that

permit the screening of chemicals for ready biodegradability in an aerobic aqueous medium.
The methods are: the DOC Die-Away, the CO2 Evolution (Modified Sturm Test), the MITI (I)
(Ministry of International Trade and Industry, Japan), the Closed Bottle, the Modified OECD
Screening and the Manometric Respirometry. A solution, or suspension, of the test substance,
well determined/described, in a mineral medium is inoculated and incubated under aerobic
conditions in the dark or in diffuse light. The running parallel blanks with inoculum but without
test substance permits to determined the endogenous activity of the inoculum. A reference
compound (aniline, sodium acetate or sodium benzoate) is run in parallel to check the
operation of the procedures. Normally, the test lasts for 28 days. At least two flasks or vessels
containing the test substance plus inoculum, and at least two flasks or vessels containing
inoculum only should be used; single vessels are sufficient for the reference compound.

In general, degradation is followed by the determination of parameters such as DOC, CO2
production and oxygen uptake. The pass levels for ready biodegradability are 70% removal

of DOC and 60% of ThOD or ThCO2 production for respirometric methods. These pass values
have to be reached in a 10-d window within the 28-d period of the test. www.oecd-ilibrary.org/
environment/test-no-301-ready-biodegradability_9789264070349-en

TUV Austria’s OK Biodegradable mark: Biodegradability in the soil offers huge benefits
for agricultural and horticultural products, as they can be left to break down in situ after
being used. The OK biodegradable SOIL label is a guarantee a product will completely
biodegrade in the soil without adversely affecting the environment. www.tuv-at.be/green-
marks/certifications/ok-biodegradable/

ISO 17556 is an ultimate aerobic biodegradation test method that determines the ultimate
aerobic biodegradability of a material in soil by measuring oxygen demand in a respirometer or
the amount of carbon dioxide evolved. www.iso.org/standard/74993.html
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TUV Austria’s OK Compost Home - Packaging or products featuring the OK compost
INDUSTRIAL label are guaranteed as biodegradable in an industrial composting plant. This
applies to all components, inks and additives. The sole reference point for the certification
programme is the harmonised EN 13432: 2000 standard: in any event any product featuring
the OK compost INDUSTRIAL logo complies with the requirements of the EU Packaging
Directive (94/62/EEC). www.tuv-at.be/green-marks/certifications/ok-compost-seedling/

A behavioural approach to supporting farmers in the disposal of agricultural plastic, 2022,
DEFRA and Environment Agency.

The Forest Plastics Working Group brings together partners to focus on the reduction in
single use and temporary use plastics in tree and woodland establishment. It includes a
comprehensive range of sector representatives. The FPWG share the aim that the

increase in tree planting should not result in an increase in plastics in the environment. www.
forestplasticsworkinggroup.co.uk
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