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Some like it hot, but moth plant does not:
The effect of commercial composting on
moth plant (Araujia hortorum) seed viability

Sarah Killick and Dan Blanchon

Abstract

Invasive plants threaten native biodiversity and ecosystem structure and function. Although the removal of invasive
plant material is important for the conservation of native plant communities, the disposal of live seeds and propagative
material can assist the spread of the invader. Commercial-scale composting windrows can reach temperatures
sufficient to render weed seeds unviable, but research has shown that results vary intraspecifically. Here we examine
the effects of commercial composting on the viability of the invasive vine moth plant (Araujia hortorum). Moth plant
seeds were subject to preliminary viability tests to evaluate background viability and to allow post-composting
comparison. Mature pods were then buried in a commercial composting windrow for 33 to 99 days, and assessed
for viability by tetrazolium assay and germination trials. We further examined the minimum temperature and exposure
time required to kill seeds using incubation and water-bath experiments. Background seed viability was estimated
at 99%. After composting in a windrow with a mean temperature of 59°C, seeds were no longer viable. Exposure
to temperatures of at least 55°C was lethal to hydrated moth plant seeds in laboratory experiments; however,
dry-incubated seeds were substantially more resilient. Overall the findings of this study suggest that large-scale
composting windrows maintained above 55°C are an effective and reliable method for the disposal of moth plant
pods.

Introduction (Esler, 1988), all of which can establish along the edge
of forests and wetlands (Sullivan, Timmins, & Williams,
2005; Foxcroft, Richardson, & Wilson, 2007; McWilliam
et al., 2010). However, to effectively dispose of pest
plants from ecological restoration sites, parks and
residential gardens, it is necessary to have somewhere

. _ . for the plant material and propagules to be contained and
Invasive plant establishment can affect plant community jyeaily destroyed. Burial nearby or transport to a landfill

composition and structure, native animal populations, for deep burial are common practices (Kollmann, Brink-
soil characteristics and fire regimes (Brooks et al., Jensen. Frandsen, & Hansen 2011: Hansford 2015)
2011; Pysek et al., 2012). These changes are typically )+ with both of these methods there is a risk of the
difficult to reverse and increase ecosystem vulnerability plant material being disturbed and spread to form new
to further invasion, creating a positive-feedback cycle invasion sites (Kollmann, et al., 2011: Plaza, Speziale,
(Gaertner et al., 2014). o & Lambertucci, 2018), or spread during transport (Gill,
Inappropriate disposal of invasive plant material in Graham, Cross, & Taylor, 2018).
garden and other green waste is a key human-mediated Composting provides an attractive alternative to
dispersal mechanism (Gill & Williams, 1996; McWilliam,  |anqfill disposal. In compost windrows, heat-tolerant
Eagles, Se.asons, & Brown, 2010). Dumped green waste  microhes break down organic matter and release heat
can contain whole plants, plant fragments and seeds as a metabolic by-product. The high temperatures

Invasive plants are a major threat to native biodiversity
(van der Wal et al., 2008; Wardle & Peltzer, 2017),
especially on islands and isolated habitats where native
taxa are less resilient to change (Sala et al., 2000).
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Figure 1. Dehisced moth plant pod showing seeds.

and microbial activity transform green waste into a
commercially tradeable garden medium. Windrows
maintained at 55-60°C are lethal to most seeds and
propagative material (Grundy, Green, & Lennartsson,
1998; Meier, Waliczek, & Abbott, 2014), allowing some
weeds to be composted without risk of further spread
in contaminated compost. However, responses vary
greatly interspecifically; for example, Setaria faberi
R.A.W.Herrm. seeds are rendered unviable in compost at
< 45°C (Eghball & Lesoing, 2000), whereas the minimum
lethal temperature for Polygonum scabrum Moench is
66.3°C (Larney & Blackshaw, 2003). In another study,
water hyacinth (Eichhornia crassipes (Mart.) Solms)
seeds retained 100% viability after 6.5 months at 40-
57°C (Pérez et al., 2015).

Here, we investigate the response of moth plant
(Araujia hortorum E.Fourn.) to composting conditions.
Moth plant is a perennial climbing vine native to
Southeast America (Coombs & Peter, 2010), introduced
to New Zealand as an ornamental in the 1880s (Webb,
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Sykes, & Garnock-Jones, 1988). Moth plant has become
fully naturalised in the North Island (Hill & Gourlay,
2011), and is now listed on the National Pest Plant
Accord (NPPA) as an Unwanted Organism (Department
of Conservation, 2001; NPPA 2010). In its exotic range,
moth plant is ecologically harmful: the vine is known
to climb and smother native vegetation (Environmental
Protection Authority, 2015; Hill & Gourlay, 2011), and the
abundant trumpet-shape flowers trap and kill pollinating
invertebrates (Coombs & Peter, 2010). Moth plant
produces a large number of windborne seeds (Elliott et
al.,, 2009) (Figure 1), which are toxic to birdlife (Hart,
1940). Viability analysis of a closely related moth plant
in Australia (Araujia sericifera Brot.) suggests very high
(99.5%) seed viability (Vivian-Smith & Panetta, 2005).
The purpose of this study is to determine whether moth
plant seed viability is eliminated under temperatures
experienced in a large-scale compost windrow, and to
investigate the value of commercial composting as a
disposal method for this weed.
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Figure 2. Windrow at Living Earth.

Methods

Mature Araujia hortorum fruit were collected from a
minimum of 18 plants at Mount Albert (36°53'03"S,
174°42'56"E), Henderson (36°52'27"S, 174°37'40"E)
and Mangere (36°58'10"S, 174°47'37"E) in Auckland
during May 2016 for the compost treatment trial and in
August 2018 for the ex-situ laboratory trials. Background

viability levels were estimated using a 1% 2,3,5-triphenyl-

tetrazolium chloride (TTC) assay as described by Baskin
and Baskin (2001).

Compost windrow experiment
This trial was conducted at Living Earth composting
facility on Puketutu Island, Auckland (36°58'07"S,
174°44'57"E), from July to October, 2016. Windrows
measuring 100-150 m in length were constructed with
a variety of plant matter (‘greenwaste’), including grass
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clippings, small branches, leaves and shrubs. The
windrows were regularly monitored for temperature,
moisture content and oxygen content during the 100-
day composting process, and turned when necessary to
maintain temperatures over 55°C.

Breathable mesh bags containing 15 mature whole
fruit were buried shallowly (c. 30 cm) in a newly formed
compost windrow using methods similar to Tompkins,
Chaw and Abiola (1998) and Van Rossum & Renz (2015)
(Figure 2). To measure viability loss over this process,
bags were retrieved from the windrow at 33, 6, and 99
days from windrow formation. Upon retrieval, 200 seeds
were assayed for viability using a 1% TTC assay. The
remaining seed material was sown into seed-raising mix
and maintained at 20°C under growth lights (CFL 150W
6500K blue bulbs) to monitor germination success,
determined by cotyledon emergence.
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Figure 3. Results of tetrazolium trial: (A) Moth plant seeds after one hour of incubation at 45°C, (B) moth plant seeds after four

hours of incubation at 55°C. Viable seeds are stained red.

Seed thermal tolerance
In a follow-up experiment, the minimum lethal exposure
time to temperatures recorded in the compost windrow
was assessed under controlled laboratory conditions.
Seeds were removed from their pods prior to the heat
treatment due to equipment size limitations. To test
whether the wall thickness of whole pods, as used in
the compost windrow experiment, protects seeds
from thermal damage, whole fruit were submerged
in 61.5°C (+.1°) water for one hour. Upon retrieval,
internal temperature was immediately recorded using a
probe-style digital thermometer. Individual fruit length,
diameter and thickness was measured, and compared
with internal temperature readings. Before analysis,
temperature data were assessed for normality with a
Shapiro-Wilk test. The relationship between fruit size and
the internal fruit temperature was assessed by Pearson
correlation.

Rate of seed viability loss under moist or dry
conditions was assessed with an incubation experiment.
Moth plant seeds were placed in glass beakers, either
alone or with moist potting mix, and covered with
aluminium foil to prevent moisture escape. The seeds
were then incubated at the mean temperature recorded
in the windrow experiment (59°C) for up to five hours,
with one beaker of each treatment type retrieved every
30 minutes. Seeds were then tested for viability with a
TTC assay. A Pearson’s correlation test was computed
for dry and hydrated seeds to estimate and compare
the strength of relationship between seed viability and
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incubation time under both treatments.

Seed tolerance to lower temperatures (40-55°C)
was assessed to estimate minimum lethal temperature.
Watertight bags containing twenty A. hortorum seeds
in moist potting mix were submerged in water baths,
rather than an incubator, to allow for four different
temperatures to be tested simultaneously. One bag was
removed from each water bath per hour for five hours.
Following removal, seeds were assessed for viability
using a TTC assay. The relationship between seed
viability, temperature and time spent in the treatment
was estimated with a two-way ANOVA, and single
relationships were measured with a Pearson product-
moment correlation test.

All statistical analyses were undertaken using R
version 3.4.1 (R Development Team, 2017).

Results

Background seed viability
Fresh A. hortorum seed viability was very high (99%,
n = 250); all non-viable seeds lacked embryo and
endosperm presence, and were likely aborted due to
pollination failure.

Compost windrow experiment
Onsite windrow monitoring conducted by Living Earth
recorded temperature fluctuations between 40-70°C,
with a mean temperature of 59°C (SEM = 0.85). Fruit
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Figure 4. Moth plant seed viability (%) after exposure to 40-55°C temperatures over time.

retrieved at 33 days had disintegrated substantially. The
seeds were found to be 3% viable by the tetrazolium
assay, although none germinated. No viable or
germinable seeds were identified after 66 or 99 days’
composting.

Seed thermal tolerance

Moth plant pods submersed in 61.3-61.6°C water had an
average internal fruit temperature of 59.3°C after one
hour. The temperature data were normally distributed
(W = 0.8), and no correlation was identified between
internal temperature and fruit length (r = .227, p =
.528), diameter (r = .231, p = .521) or thickness (r =
.016, p = .965). It was therefore considered acceptable
to continue the subsequent experiments on moth plant
seeds removed from their pods.

The primary incubation trial subjected moth plant
seeds to moist or dry incubation at 59°C for up to
five hours. A moderate but statistically significant
relationship between incubation time and seed viability
was observed in the dry incubated seeds (r = -.68, p =
.03); however, over 70% of dry seeds retained viability at
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all test periods throughout the five-hour period. Seeds
incubated in moist soil had a strong and significant
negative relationship (r =-.86, p = .001), and had lost 90-
100% viability within 2.5 hours. Seeds were consistently
unviable after five hours of 59°C moist incubation.

The minimum lethal temperature was recorded at
55°C amongst seeds exposed to three or more hours in
the water-bath experiment. Seed viability was moderately
but inconsistently reduced in the 50°C treatment group
(85% viability after two and four hours). No effect on
viability was observed over the five-hour period from
submersion in 45°C. A two-way ANOVA confirmed strong
and significant coupling between temperature and seed
viability (p = < .001), but not between incubation time
and seed viability (p = .334). Among the 55°C treatment
group only, a Pearson correlation identified a strong but
insignificant negative correlation between incubation
time and seed viability (r = -.7661, p = .131) (Figures 3
and 4).
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Discussion

In this study we examined the effect of commercial
composting on the viability of moth plant seeds. Our
in situ composting experiment demonstrated that
commercial composting can effectively kill moth plant
seeds over a one-to-two-month period. Under controlled
laboratory conditions, the critical lethal temperature for
hydrated moth plant seeds was identified as 55°C. Seeds
exposed to the same temperatures without moisture
remained viable, suggesting that ex situ heat-tolerance
experiments also need to simulate compost moisture
levels to accurately predict seed compostability.
Although our laboratory trials used only seeds removed
from the fruit, a small water-bath experiment indicated
that moth plant fruit does not protect the seeds from
external heat. This also suggests that entire pods may
be composted safely without splitting.

To our knowledge, this study is the first to report the
effects of commercial composting on moth plant seeds;
however, our results are consistent with those reported
for other weedy taxa. Eghball and Lesoing (2000) noted
that composting systems that reach at least 60°C rapidly
kil weed seeds of northern temperate herbaceous
annuals (Nebraska, USA), and that lower temperatures
can also be lethal under moist conditions, possible due
to ‘compost phytotoxins’. Larney & Blackshaw (2003)
found that in windrows of barley straw and cattle
manure, temperatures lethal to weed seeds (grass and
broadleaf weeds from Alberta, Canada) ranged from 39°
to > 60°C. Similarly Tompkins et al. (1998) found that a
range of weed seeds of twelve herbaceous weeds from
Alberta lost viability after four weeks at temperatures
of 55-65°C in a composting system composed of cattle
manure and bedding. Conversely, Thompson, Jones and
Blair (1997) suggest that compost holding a temperature
of 65°C is not likely to be an effective method of weed
control as Rumex obtusifolius L. seeds retained viability
after exposure to 65-81°C. However, as Grundy et al.
(1998) argue, seed survival in the Thompson et al.
(1997) trial may be attributable to a lack of moisture in
the heat treatment. This was also evident in our study,
where moist incubated seeds were substantially less
resistant to high temperatures, likely due to the greater
thermal conductivity of water relative to air (Hillel, 2004).
Dahlquist, Prather and Stapleton (2010) found that in
laboratory experiments on the seeds of barnyard grass,
London rocket, common purslane, black nightshade,
annual sowthistle and tumble pigweed, temperatures of
50°C were lethal, but the critical lethal temperature for
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some of the species varied from 39-50°C. Meier et al.
(2014) tested the effectiveness of composting on killing
weed seeds of a range of aquatic/wetland plants in Texas
(Giant reed, Arundo donax L.; hydrilla, Hydrilla verticillata
(L. f.) Royle; water hyacinth, Eichhornia crassipes; water
lettuce, Pistia stratiotes L.) and found that temperatures
of 57.2°C were required to effectively kill all the plant
material (including seeds). Similar results (57°C) for
water hyacinth were reported by Montoya et al. (2013).

Windrow temperature can vary depending on the
ambient temperature (Tirado & Michel, 2010), the size
of the windrow (Tirado & Michel, 2010), the composition
of the composting material (Van Herk et al., 2004),
and whether the compost has recently been turned
(Joshua, Macauley, & Mitchell, 1998). Joshua et al.
(1998) found that in an Australian windrow composting
system temperatures ranged from 17.6-72.8°C, but
55-70°C was more normal in the inner zone of the
windrow, particularly after turning. Home composting
systems can achieve 55°C, but there can be difficulty
in reaching or maintaining this temperature due to their
smaller mass, which is particularly problematic in colder
climates (Arrigoni, Paladino, Garibaldi, & Laos, 2018). In
Palmerston North, New Zealand, Mensah (2017) reported
temperatures of up to 53°C in domestic composting
systems, but observed that most compost units failed
to exceed 45°C. This suggests that home composting
systems may not be appropriate disposal solutions for
moth plant pods without pre-treatment. One possible
solution is to treat moth plant pods with immersion in
hot water at above 55°C for four or more hours prior to
composting.

For future studies, it is interesting to note the
discrepancy between the TTC results and germination
success rate during the compost windrow experiment.
The TTC assay is widely used to estimate seed viability,
andisacceptedtobeinclose agreementwith germination
response (Soares, Elias, Gadotti, Garay, & Villela, 2016).
The solution reacts with dehydrogenase enzymes found
in respiring tissue to produce formazan, which stains
the respiring tissues red. TTC solution has also been
successfully used to detect bacterial activity (Moussa,
Tayel, Al-Hassan, & Farouk, 2013), but is a poor detector
of fungal colonies (Praveen-Kumar & Tarafdar, 2003).
We suggest that our initial compost windrow TTC result
was a false-positive result, as evidenced by the negative
germination response, and offer bacterial activity as a
potential explanation.
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Conclusions

Overall, this study demonstrates potential value in
commercial-scale composting as a disposal tool for moth
plant pods. It is important to note that the field portion
of this study was conducted at a single large-scale
composting facility, and the laboratory experiments
were designed to measure seed viability loss over short
periods of time. Further research is needed to determine
whether longer exposure to temperatures below
55°C is fatal to moth plant seeds before generalised
recommendations on the use of smaller-scale domestic
composting systems at lower temperatures can be
made. For this reason it is only recommended that moth
plant pods are disposed of at compost facilities meeting
the New Zealand Composting Standard (NZS4454),
which requires windrow temperature to be maintained at
=55°C for =15 days.
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