
Sprayable Biodegradable Polymer Membrane Technology for
Cropping Systems: Challenges and Opportunities
Vilim Filipovic,́* Keith L. Bristow, Lana Filipovic,́ Yusong Wang, Henry Y. Sintim, Markus Flury,
and Jirí̌ Šimůnek
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The use of conventional plastic mulch films in cropping
systems plays a major role in specialty crop production.

Plastic mulch improves soil microclimate, helps to conserve
soil moisture, and suppresses weed growth.1 However, the
majority of plastic mulch films commonly used are not
biodegradable and have to be removed after each growing
season. In China, the largest user of plastic mulch films, more
than 184 × 105 ha of agricultural soil is covered annually with
plastic films, amounting to a total mass of around 14.7 × 105 t
of plastic waste for disposal.2 Remnants of plastic mulches also
remain in soil, leading to plastic pollution of agricultural land
and possibly entering the food chain or water systems.
Recycling of used plastic mulch films is often hampered by
soil particles adhering to the plastics.
Greater public awareness of the extent of the global plastic

pollution problem and its ecological and societal impacts is one
of the main driving forces behind current policy changes
related to plastics use. Europe’s policy to ban single-use plastic
and to recycle at least 55% of plastic packaging by 2030 is
leading the way, while the U.S. is introducing new plastic
recycling requirements for manufacturers.3 Additional ways to
address the issue include the development of innovative

recycling technologies and replacing nonbiodegradable plastics
with biodegradable products.
For agricultural-use plastics, a promising alternative to

conventional plastic is the development of “biodegradable”
mulch materials.4 These biodegradable mulch materials can
retain similar physical and mechanical properties of their
conventional plastic counterparts, while being biodegradable
into carbon dioxide, methane, water, and microbial biomass.
Work is ongoing to improve their mechanical and
biodegradation properties while minimizing production costs
so that they can compete with cheaper plastic products.
However, there is a lack of long-term field studies under-
standing the impact of biodegradable plastics on soil
ecosystems, biodegradation, and fragmentation pathways, and
the fate of plastic degradation products in the environment.4

Researchers have recently turned their attention to develop a
sprayable biodegradable polymer membrane (SBPM) technol-
ogy5 (Figure 1), and this innovative approach of spraying
continuous polymer coatings rather than laying prefabricated
mulch films is starting to raise attention among scientists and
agricultural producers. Sprayable polymer membranes can be
formulated using renewable and biodegradable raw materials,
such as polysaccharide polymers, natural polymers (e.g.,
seaweed), protein polymers, polyethylene glycols, polysiloxane,
polyurethane, and acrylic polymers.5 Efforts also exist to
produce biodegradable sprayable polymers out of natural
products (e.g., sugar cane, wood-cellulose microfibers, lignin,
gum, and leather). The use of recyclable, biodegradable natural
materials in polymer fabrication can be part of a sustainable
holistic approach, which addresses not only the problem of
plastic pollution but also the problem of waste disposal.
Sprayable biodegradable plastic mulches adhere to the soil

surface with no headspace between the soil and the polymer
membrane.5 They may degrade more efficiently because they
are tightly bound with soil particles while having weaker
linkages between the polymer molecules compared to
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preformed biodegradable plastic mulch films. Spraying
methodology is also commonly used by agricultural producers
to apply nutrients and pesticides, which makes this technology
easily implementable into existing cropping systems. The
SBPM can be sprayed onto the soil surface using hand-held
sprayers for smaller applications (rural plots), or large
mechanized sprayers can be used for large scale industrial
farming. Early results with SBPM under both controlled and
field conditions indicate increased water-use efficiency and
reduced weed growth compared to bare soils while
demonstrating agronomic performance comparable with
commercial low-density polyethylene mulch films.5,6

Maintaining the right mechanical properties of the
biodegradable polymer is also important alongside the primary
aims of sprayability, biodegradability, and nontoxicity. Ongoing
work focuses on discovering and fine-tuning the right polymer
formulation, producing mechanical properties capable of
sustaining firm elastic binding with soil particles and durability
throughout the crop growing season. The addition of carbon
black as black pigment and absorbent of photosynthetically
active radiation (PAR) results in suppressing weed growth and
increasing soil temperature,5 with similar beneficial effects as
conventional plastic mulch films. Viscosity modifiers can
prevent rapid adsorption (e.g., wicking) into the soil due to
reduced viscosity, as wicking may result in poor membrane
formation and inconsistencies in membrane thickness,
weakening water barrier properties.7 The SBPM technology
can be further adapted to implement novel add-ons into
polymer membrane, like those enabling bidirectional water
transfer, a slow release of fertilizers and nutrients, or control

over biodegradation time. Biodegradation by microorganisms
was found to be variable among various polymer types, ranging
from few months in the greenhouse up to one year in the
field.5,6 SBPM developed by CSIRO group (Australia)
achieved 70% biodegradation in the field during seven months
of testing, showing no phytotoxicity or ecotoxicity. Additional
microbial diversity analysis indicated no drastic shifts in
population after the application of SBPM technology, that is,
no toxic effects on soil microbial population was found.5,7

Therefore, the SBPM degradation process appears highly
dependent on polymer properties and soil environmental and
climatic conditions, and it may differ substantially from case to
case.
In summary, the future of the SBPM technology depends on

its ability to perform as well as prefabricated plastic and
biodegradable mulch films which are currently in use, while
also reducing the production cost. The scientific community
will need to test various biodegradable polymer formulations in
long-term field trials under different climatic conditions to
define to what extent the SBPM technology can compete with
plastic mulch films for agricultural performance. Further, little
is known about the long-term impact of biodegradable
mulches, such as SBPM, on soil health and ecosystem services,
so long-term field assessments are needed.8 The biodegradable
SPBM technology with a simple modus operandi is a
promising solution to replace vast amounts of plastics in
agriculture and prevent pollution of soil and water systems,
while still supporting food production to keep pace with the
perpetually growing global demands.

Figure 1. A schematic of sprayable biodegradable polymer membrane (SBPM) technology indicating its properties, performance, and comparison
with conventional plastic mulch films. The lower right-hand photo shows an application of SBPM in a tomato field experiment near Echuca,
Victoria, Australia.
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