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Abstract. Leachates were produced by washing Hydra-fill, a polyurethane ester foam,
with water. These leachates decreased radish (Raphanus sativus L.) and tomato (Ly-
copersicon esculenturn Mill.) seed germination and were phytotoxic to seedlings. Wash-
ing the foam for as little as 5 minutes (compared to not washing) before collecting the
leachate significantly decreased the mean seed germination time by 0.6 to 1 day. Rinsing
the foam with ethanol before collecting the leachate was detrimental to germination.
When used as a potting medium component, the foam reduced radish shoot and root
dry weights compared to potting media without foam. Washing the foam with tap
water before use resulted in increased radish shoot and root dry weights. Hydra-fill
generally reduced plant performance when included in potting media. However, radish
grew well in fresh 25% Hydra-fill (raw or washed) mixed with loam.
.com
/ at 2025-08-30 via free access
Various plastic foams, some of which are
industrial waste products, may be desirable
plant growth media addenda; they have high
porosity, low bulk density, and water-release
curves similar to perlite (Anstett, 1979; Be-
noit and Ceustermans, 1988; De Boodt and
Verdonck, 1971; Verdonck et al., 1973).
However, some phytotoxic effects have been
associated with the use of these foams, the
presence and severity of which are influ-
enced by foam age; various heating, wash-
ing, or chemical pretreatments; and the
proportion used in the potting medium (An-
stett, 1979; De Boodt and Verdonck, 1971;
Penningsfeld, 1973; Wheeler et al., 1985).
In preliminary studies with potting media that
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contained Hydra-fill foam chips, phytotox-
icity (including chlorosis and poor growth)
occurred on ‘Earlirouge’ tomatoes (Lycoper-
sicon esculentum Mill.), geraniums (Pelar-
gonium × hortorum ‘Red Elite’), and Easter
lilies (Lilium longiflorum ‘Nellie White’)
(Wees and Donnelly, 1988). The objectives
of this study were to reduce the phytotoxic
effects of Hydra-fill foam in potting media
by pretreating the foam and to evaluate the
influence of age of foam, proportion of foam,
and associated substrates in potting media.

Hydra-fill (Polyad Industries, North Lan-
caster, Ont.) is composed of porous polyu-
rethane ester foam chips 1 to 5 mm in
diameter, produced from trimmings left from
manufacturing household sponges. Foam was
divided into two groups; “fresh” foam was
less than 2 years old and “aged” foam was
older and had been stored in a warehouse.
‘Cherry Belle’ radish and ‘Earlirouge’ to-
mato were used because of their rapid rates
of germination and growth and moderate tol-
erance to soil acidity; radish is sensitive to
soil salinity, but tomato is tolerant (Lorenz
and Maynard, 1980).

Aged foam was pretreated in one of seven
ways: spread onto trays and heated for 1 or
225
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2 h at 70C (soil pasteurization temperature)
or at 100C (sterilization temperature) in an
oven; held in a strainer and rinsed for 1 min
with 95% ethanol or water; or left untreated.
All foam samples were then soaked in twice
their volume of distilled water for 24 h, fil-
tered, and the filtrate collected. Ten milli-
liters of each filtrate or distilled water (control)
was pipetted into each of three 10-cm petri
dishes containing a filter paper disk on which
20 tomato seeds were distributed. The dishes
were arranged in a randomized complete-block
design with three blocks and incubated in
darkness at 24 ± 2C. Seed germination was
recorded daily for 9 days.

In a second experiment, fresh and aged
foam were soaked in water for 12 h, drained
(0-min wash), then continuously washed
(leached) with tap water for 5, 30, or 60 min,
at which time 500-ml samples were collected
and the pH measured. Ten milliliters of each
sample (filtered leachate or a tap water con-
trol) was pipetted into each of eight 10-cm
petri dishes containing a filter paper disk and
10 seeds of tomato or radish. The petri dishes
were arranged in a randomized complete-block
design with four blocks and incubated in
darkness at 19 ± 2C. Seed germination was
recorded daily for 7 days.

For both experiments, mean germination
time, spread (duration) of germination, and
percent germination were calculated for each
treatment (Orchard, 1977). Arcsin transfor-
mations were performed on percent germi-
nation data to ensure normality of distribution
226
(Steel and Torrie, 1980).
On 1 Aug. 1988, 10 radish seeds were

sown in polystyrene flats (external size 25
× 17.5 × 7.5 cm; internal volume 2400
cm3) containing one of the following potting
media combinations: 25% or 50% (v/v) fresh
or aged foam (the balance being sphagnum
peat or loam) that was untreated or previ-
ously soaked in water for 1 h (washed). Two
commercial peat-lite media (Agromix, Fa-
fard & Frères, St. Bonaventure, Québec;
Promix-BX, Les Tourbières Premier, Ri-
viere-du-Loup, Québec), a 50% peat and 50%
vermiculite mixture (v/v) and a 50% loam
and 50% vermiculite mixture (v/v) were used
for comparison. Treatments were replicated
three times in a randomized complete-block
design. All media, except the two commer-
cial mixtures, were amended with: 1.5 kg
superphosphate, 1.75 kg KNO3, 0.25 kg frit-
ted trace elements, and 4 g chelated Fe/m3

of medium. Dolomitic lime applications, to
obtain a pH of 5.5 to 5.8, depended on the
proportion of peat and foam (both of which
were acidic) in the mixtures: 12 kg lime/m3

of peat and 8 kg/m3 of foam.
Flats were kept in a greenhouse held at

26-30C/20-22C (14 h day/l0 h night) and
fertilized weekly with a solution of 200 ppm
N, 88 ppm P, and 166 ppm K, and chelated
trace elements. Plants were harvested 31 days
after seeding, and the dry weights of shoots
and tap roots were measured. This experi-
ment was repeated on 28 Oct.; treatments
were identical but were replicated four times.
Symptoms of phytotoxicity were observed
on plants in all treatments, except the con-
trols. In the germination tests, tomato and
radish seedlings were stunted and had poorly
developed roots with brown tips. Radish plants
grown in foam-containing mixtures also were
stunted and showed chlorosis, leaf cupping,
and poor root development.

In the first germination test, only heating
the foam for 1 h at 100C and the ethanol
rinse resulted in a mean germination time
significantly longer than that of the control
(Table 1). Only the ethanol rinse signifi-
cantly differed from the control in terms of
spread of germination and percent germina-
tion. The foam particles were partially dis-
solved or broken down by ethanol. The filtrate
collected after the ethanol rinse slowed ger-
mination by ≈2 days, more than doubled the
spread of germination, and decreased the
percent germination by half compared with
the control. The negative effect of this treat-
ment on seed germination may have been
due either to residual ethanol or other phy-
totoxic agent(s) in the leachate. Heating at
100C for 1 h or an ethanol rinse greatly re-
duced phytotoxicity symptoms in lettuce
grown in polyurethane foam plugs (Wheeler
et al., 1985).

In the second germination test, foam age
did not affect germination, nor was there any
interaction between foam age and washing
treatment. Phytotoxicity symptoms were ob-
served on radish and tomato seedlings in the
unwashed (0 min) foam leachate, and ger-
mination was significantly reduced com-
pared with the tap water control (Table 2).
A 5-min wash was sufficient to improve the
germination of radish and tomato seeds, with
only mild toxicity symptoms visible on rad-
ish and none on tomato seedlings in this
leachate. A 30-min wash was needed to re-
duce the acidity of the foam leachate, indi-
cating that the foam had some buffering
capacity. Adverse effects of the foam on rad-
ish and tomato seed germination were prob-
ably not related to pH or salinity. Indeed, a
5-min wash changed leachate pH only slightly
but greatly improved germination. Further-
more, tomatoes are more tolerant of salinity
than radish (Lorenz and Maynard, 1980); yet,
in out experiment, tomato seed germinated
more slowly than radish seed.

Results from both radish seedling per-
formance experiments were very similar, so
only the results from the first experiment are
included in Table 3. Washing foam before
use significantly improved radish growth
based on shoot and root dry weights. Wash-
ing polystyrene before using it in potting me-
dia improved eggplant (Solanum melongena
L.) and lettuce (Lactuca sativa L.) yields
(Schwarz, 1967) by removing traces of for-
maldehyde (Penningsfield, 1973). Some
phytotoxic chemical(s) were easily leached
from Hydra-fill foam in our germination test
(Table 2), but some remained in the medium
and were released slowly over time, result-
ing in plants with symptoms of phytotoxicity
and lower shoot and root weights than the
controls (Table 3). As shown by the signif-
icant interaction effects (wash x age, wash
HORTSCIENCE, VOL. 27(3), MARCH 1992
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× proportion, and wash × substrate),
washing had a greater beneficial effect on
aged vs. new Hydra-fill, on media with 50%
as opposed to 25% Hydra-fill, and on media
with peat rather than loam (Table 3).

Radish shoot dry weight was higher in fresh
(0.222 g/plant) than in aged (0.146 g/plant)
foam, although foam age did not affect ger-
mination. This contradicts other findings
where a reduction in toxicity of older foams
was noted (Schwarz, 1967; Wheeler et al.,
1985). Polyurethanes produced toxins after
extended periods of use as potting substrates
(Penningsfeld, 1973), possibly due to pho-
tolysis (Anstett, 1979). Variability in phy-
totoxicity among samples of polyurethane,
which we also observed (data not shown),
was reported by Wheeler et al. (1985). Con-
flicting reports on foam age and phytotox-
icity may be related to foam chemistry;
polyurehane esters such as Hydra-fill are more
susceptible to degradation than polyurethane
HORTSCIENCE, VOL. 27(3), MARCH 1992
ethers (Anstett, 1979; Benoit and Ceuster-
mans, 1988). The influence of other factors
varied according to foam age (age x pro-
portion, age × substrate). Increasing Hydra-
fill proportion from 25% to 50% had a greater
negative effect on shoot dry weight in aged
than fresh foam. Substituting loam for peat
had a greater positive effect on shoot dry
weight in aged than in fresh foam.

The proportion of foam used (25% or 50%)
and the other substrate in the medium (peat
or loam) significantly affected all growth
characteristics (Table 3). Decreasing the
proportion of foam probably diluted the sub-
stance(s) responsible for phytotoxicity and
decreased the likelihood of root contact with
the foam. Decreasing the proportion of Hy-
dra-fill had a greater positive effect on root
dry weight in peat-based media than in loam-
based media. Radish seedling performance
was best in mixtures with 50% vermiculite
and 50% peat or loam and almost as good in
25% fresh foam (untreated or washed) mixed
with loam. When media contained 25%
washed foam, peat-based media performed
as well as loam-based media and better than
Pro-mix (shoot dry-weight basis). However,
when media contained raw foam or 50%
foam, loam gave a shoot dry weight 2 to 4
times higher than peat. Loam-vermiculite gave
better results than peat-vermiculite. It was
unlikely that substrate fertility was a factor,
but the loam may have neutralized or bound
the toxin(s) contained in Hydra-fill foam.

In conclusion, plant performance was
generally reduced in all media containing
Hydra-fill foam, relative to other substrates.
Pretreating foam by washing reduced, but
did not eliminate, phytotoxicity; the effect
of foam age was variable. Of the foam-con-
taining media, the best had 25% fresh foam
(untreated or washed) mixed with loam. The
toxins found in some polyurethanes are ter-
tiary amines or isocyanates (Wheeler et al.,
1985), but further work is needed to identify
the compounds and improve methods of
eliminating them from Hydra-fill foam.
Longer washing periods, the use of deter-
gents, or the addition of detoxification ma-
terials, such as calcium compounds, may be
necessary. The cost-efficiency of such pro-
cedures needs to be evaluated.
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