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Summary:

It is important to realize that real-
world, in-field conditions are dif-
ferent than laboratory incubations
that are used to determine biodeg-
radability. We cannot expect
mulch films to degrade in the field
at the same rate as in the laborato-
ry. Thermal time can be used to
estimate the amount of time need-
ed to reach 90% biodegradation in
the field.

This material is based upon work that is
supported by Western Sustainable Agri-
culture Research and Education, under
award number WPDP19-05. Any opinions,
findings, conclusions, or recommenda-
tions expressed in this publication are
those of the author(s) and do not neces-
sarily reflect the view of the U.S. Depart-
ment of Agriculture.
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In-Field Biodegradation of Soil-
Biodegradable Mulch

Polyethylene (PE) mulch is widely used in horticultur-
al crop production for weed control, soil temperature modifi-
cation, soil moisture retention, earlier harvest, and improved
crop quality. However, PE mulch is non-recyclable due to
soil contamination after removal from the field, and thus
most PE mulch is disposed of in landfills or, in some cases,
buried or burned on farm. Soil-biodegradable plastic mulch
(BDM) is a sustainable alternative to PE mulch. BDM pro-
vides comparable horticultural benefits to PE mulch with an
added advantage of being designed to be tilled into the soil at
the end of the cropping season, which reduces waste and dis-
posal challenges. After being incorporated into the soil, BDM
fragments biodegrade into carbon dioxide and water, and do
not impact soil health. Despite these benefits, adoption of
BDM has been slow as growers feel uncertain about in-field
biodegradation.

The international biodegradability standard EN-
17033 requires that all plastics that claim to be biodegrada-
ble reach 90% biodegradation within 2 years in an aerobic
incubation test at a controlled temperature between 20-28
°C (68-82 °F). However, in-field biodegradation of BDM may
take longer than in the laboratory test because seasonal vari-
ation observed in field soil temperature and moisture is not
accounted for in laboratory test.

Thermal time, or cumulative degree days (°C-day) in
the lab incubation has been observed to better correlate with
in-field plastic mulch biodegradation than calendar time. Ac-
cumulation of degree days per unit time varies based on lo-
cation, and thus depends on local climatic conditions.
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Thermal time, or cumulative degree
days is defined as the number of degrees the
average daily temperature exceeds a base tem-
perature (taken as 0 °C for this study).

In a field experiment in Mount Vernon,
WA, five BDMs were incorporated into the soil
annually for four years (2015-2018). Two years
after the final incorporation, 4-16% of the total
BDMs were recovered (Fig. 1). Figure 2A shows
the calendar time prediction for 90% biodegra-
dation of each BDM under field conditions at
this site (2—5.2 years).

The soil biodegradation standard EN-
17033 laboratory test includes incubation at 20
to 28 °C, with 14,640 to 20,496 °C-days accu-
mulated over the 2-year period. In Mount
Vernon, WA, it would take 37 and 52 months
(3.1 and 4.3 years) to accumulate the same
number of cumulative degree days as in the la-
boratory test. The field study at this location
predicts it would take 21 to 58 months (1.7—4.8
years) for the five different BDMs to reach 90%
BDM biodegradation at this site (Fig. 2B).

Mount Vernon, WA, Watsonville, CA,
and Quincy, FL are representative climatic lo-
cations where plastic mulches are commonly
used. The average annual soil temperatures are
10.3 °C in Mount Vernon, 13.5 °C in Wat-
sonville, and 19.7 °C in Quincy. The average
thermal time of the standard EN-17033 test
(17,568 cumulative °C-days) for 90% BDM bio-
degradation would be reached in 28.3 months
(2.4 years) in Quincy, 33.8 months (2.8 years)
in Watsonville, and 45.5 months (3.8 years) in
Mount Vernon. Faster degradation is thus ex-
pected in warmer climates.

It is important to realize that real-world,
in-field conditions are different than laboratory
incubations. Soil type, temperature and mois-
ture, soil microbial communities, and mulch
fragment size also affect site-specific, in-field
BDM biodegradation. Therefore, we cannot ex-
pect BDMs to degrade in the field at the same
rate as in the laboratory. A thermal unit calcu-
lation based on local weather data can be used
to estimate the amount of time needed to reach
90% biodegradation in the field.
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Figure 1. Percent recovery of BDM fragments collected from a field study in Mount Vernon, WA,
from 2016 to 2020. New BDMs were laid every spring from 2015 to 2018, indicated by solid black
arrows. The plots were rototilled twice a year from 2016 to 2018, once in fall before collecting
samples, indicated by dotted arrows, and a second time in spring after collecting samples, then
plots were left undisturbed until 2020.
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Figure 2. Mulch recovery (%) of five BDM treatments as a function of calendar time (A) and
thermal time (B) two years following the last BDM application. The vertical line indicates the
point at which 90% biodegradation would be expected in the laboratory standard in calendar

time (A: 24 months) and corresponding average thermal time (B: 17,568 cumulative °C-days
in a 24 °C incubation) (°C*9/5)+32 = °F).
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