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Abstract
Assessing Invasive Species Seed Viability in Compost
Rachel Brown

Invasive plants pose a challenge to land managers because they can reproduce rapidly,
compete with desirable vegetation, and alter ecological services in areas where they become
established (Mack et al., 2000). Management focuses its resources on developing several
removal techniques, which aim at eradicating these species and preventing their spread.
Composting has been shown to be effective at inactivating a range of plant species by exposing
seeds to elevated temperatures for extended periods of time (Dougherty, 1999; Eghball and
Lesoing, 2000). The two main objectives of this study were to 1) determine whether terrestrial
invasive plant (i.e. A. petiolata, F. japonica, Phragmites sp., R. cathartica and V. rossicum) seeds
and rhizomes (Phragmites sp.) remain viable after being incubated in a mushroom compost
after 7 and 30 days, and 2) to determine the critical temperature threshold for reducing seed
and rhizome viability in a laboratory setting. It was hypothesized that seeds and rhizomes
would show a reduction in germination after 7 days, and after 30 days, seeds and rhizomes
would become completely inactivated. Results from the study indicate that compost
temperatures as low as 21.23°C were needed to eliminate seed viability for R. cathartica and
reduce Phragmites sp. rhizome viability. Oven incubations show that a critical temperature
increase from 50-60°C are needed to reduce viability for most species, and that seed viability is
greatly reduced within the first 24 and 48 hours of being exposed to elevated temperatures.
Compost composition results demonstrate that %organic matter and %moisture content were
well above the normal range, suggesting that the compost is immature, ultimately affecting the
compost temperature regime. In the future, management should look at minimum depth and
temperature requirements to reduce seed viability, along with the effect that moisture content
and phytotoxin leachates have on reducing seed viability. This will provide management with a

better understanding of how seed viability is effectively inactivated in compost piles

Keywords: compost pile, seed viability, A. petiolata, F. japonica, Phragmites sp., R. cathartica,
V. rossicum temperature, germination
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Chapter 1: Introduction

1.1 Invasive Plant Species in the Environment
Invasive plants pose a challenge to land managers because they can reproduce rapidly,

compete with desirable vegetation, and alter ecological services in areas where they become
established (Mack et al., 2000). Management efforts have focused on minimizing these impacts
through a wide range of control options (Van Rossum and Renz, 2015). Although several
options to manage invasive populations exist, many involve physical removal of aboveground
portions (i.e. hand pulling, mowing, cutting the stem, biological control agents, and herbicides)
(Van Rossum and Renz, 2015; Chilton and Durocher, 2009). Aboveground material that is
removed can contain viable propagules (seed or perennial organs) (Van Rossum and Renz,
2015). These propagules can sustain populations if left in controlled areas or lead to further
spread if the material is transported off site (Van Rossum and Renz, 2015). Ontario’s diverse
economy, growing population, and geographic location put the province at the highest risk of
species invasions compared to any other Canadian province or territory (Government of
Ontario, 2018). Ontario has been and will continue to be susceptible to invasive species arriving
and surviving due to the favourable environmental conditions and nature of our society (i.e.
industrialized, urbanized and high density), and multiple land and water entry points

(Government of Ontario, 2018).

1.3 Terrestrial Invasive Plant Species in Ontario
Alliaria petiolata (garlic mustard), Fallopia japonica (Japanese knotweed), invasive

Phragmites sp., Rhamnus cathartica (European buckthorn) and Vincetoxicum rossicum (dog-
strangling vine) are common invasive plant species found throughout southern Ontario. These
plants reproduce via seed, however Phragmites and F. japonica also reproduce vegetatively
through their extensive rhizomatic root system. Their root systems can deter the growth of
neighbouring plants, allowing the plants to form dense monocultures and preventing native
wildlife from reaching suitable habitat. Seeds can travel short and long distances, and are often
dispersed by wind, water, wildlife, and anthropogenic influences (i.e. moving machinery or

equipment) (OIPC, n.d.). Each plant has a unique life history, making it an ideal candidate for



influencing habitats in Ontario. These species occur in a wide range of habitats and spread

quickly along roadsides, ditches, forest edges and fence lines (OIPC, n.d.).

1.2 Composting as a Management Tool

Compost is best defined as a mixture of various organic substances, in which the natural
decaying of organic matter occurs through the biological process wherein microorganism’s
convert organic material into a nutrient-rich resource (Dougherty, 1999; Urdang and Flexner,
1984). During the composting process, microorganisms consume oxygen from the organic
matter and release carbon dioxide (Dougherty, 1999). Active, functional composting produces a
large amount of heat, releasing water vapour into the air (Dougherty, 1999). Today, composting
is a technique used to accelerate the natural decay process, which can take as long as a year or
a little as 14 days, depending upon the amount of human influence (Pennsylvania Department
of Environmental Protection [PDEP], 2010). The primary ingredients of compost are carbon and
nitrogen, and an ideal carbon to nitrogen ratio of 30:1 is needed for fastest decomposition
(Dougherty, 1999). The volume of finished compost is 50% or less of the original volume of raw
materials, which makes composting an effective means of waste management and control

(Dougherty 1999).

As a waste management system, the composting process has been shown to be
effective at inactivating a range of plant species by exposing seeds to elevated temperatures for
extended periods of time (Dougherty, 1999; Eghball and Lesoing, 2000). However, the
effectiveness of composting varies among plant species (Van Rossum and Renz, 2015). Some
exotic plants have been successfully composted in the past, but the composting of invasive
species has not been fully investigated (Rogers, 1993). For example, seed viability of
Amaranthus restroflexus L. (redroot pigweed) was reduced to zero in 4 weeks, but 14% of
Abutilon theophrasti Medik. (velvetleaf) seeds remained viable after 4-5 months of composting
(Tompkins et al. 1998). Although several aquatic invasive plants have been found susceptible to
compost (Meier et al. 2014). Currently, there are few studies that have focused on complete

inactivation of seed and rhizome viability of invasive plant species in Ontario. Therefore, it is



necessary for current and future research to focus on determining specific terrestrial invasive

plants that are inactivated by the composting process.

Ontario has restricted the transport of certain invasive plant species (i.e. F. japonica,
Phragmites sp. and V. rossicum), therefore, making it difficult for municipal residents and
workers to dispose of invasive plant propagules in a controlled manner. Municipal compost may
be redistributed to various locations, making it important to determine the likelihood of viable
plant propagules in redistributed compost. Complete inactivation is critical in Ontario, and
many other provinces that regulate the movement of invasive plant propagules (Boyce, 2003).
Ultimately, management is interested in knowing the exact temperature at which propagules

become inactivated in compost.

1.4 Research Objectives and Hypothesis
The objectives of this study are to 1) determine whether terrestrial invasive plant (i.e. A.

petiolata, F. japonica, Phragmites sp., R. cathartica and V. rossicum) seeds and rhizomes
(Phragmites sp.) remain viable after being incubated in mushroom compost after 7 and 30 days,
and 2) to determine the critical temperature threshold for reducing seed and rhizome viability
in a laboratory setting. The following research question was addressed: What specific
temperature do seeds and rhizomes become inactivated, and how does compost affect
viability? It was hypothesized that seeds and rhizomes will show a decrease in germination after
7 days of compost incubation, and at 30 days seeds and rhizomes will be completely
inactivated. These plants were chosen because the Invasive Species Acts restricts the
movement of some of the species, and they are common invaders found in southern Ontario.
These plants produce a high abundance of seeds, and have extensive root systems, making

them easily spread by wildlife and humans.



Chapter 2: Methodology

2.1 Field Methodology

2.2 Study Area and Seed Collection
A mushroom compost pile was constructed and managed on the property of Trent

University, at the Trent Experimental Farm (44°21'44.99” N 78°16’37.17” W) (Figure 1). The
compost was used for all field mortality tests and compost was harvested from this same pile
for laboratory mortality tests. Approximately 2000 seeds and rhizomes (i.e. A. petiolata, F.
japonica, Phragmites sp., R. cathartica and V. rossicum) were collected in early June to late
November (2017) in the City and County of Peterborough. Only mature plants were considered
for this study, due to the higher percentage of viable seed on each plant (see Appendix A for an
example of a mature plant). Mature plants were based upon colour (i.e. leaves were fully
developed), texture (i.e. rough bark or stem) and size (i.e. 1-7 m in height, and/or a diameter
breast height (DBH) >25 cm). Fruits (berries/flowers) and seeds pods were harvested from
mature plants; mature berries were defined as being blackened in colour, and having a mushy
texture, whereas seeds were defined as being black or dark brown in colour, and easily
extractable from the pods or plant. Seeds were carefully extracted from seed pods and berries,
where they were rinsed in distilled water to remove comma and pulp particulate matter. Seeds
were then air dried at room temperature (20°C) in the lab for 24 hours to ensure seeds were

devoid of moisture.
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Figure 1: Compost pile location on the property of Trent University (44°21’44.99” N
78°16’37.17” W), Peterborough, ON.

2.3 Compost Mortality Tests
The pile was approximately 3 m tall, 2 m wide at the base and 2 m in length, and was

comprised of horse and cow manure, animal bedding and wheat straw. Guidelines from the
Ontario Compost Quality Standards were used to determine the appropriate temperature for
killing off pathogens. Ontario requires that compost must maintain a minimum temperature of
55°C for at least 15 days (Government of Ontario, 2016). The height and width allowed the pile
to become insulated and generate enough heat to kill most pathogens, and maintain a high
temperature in winter conditions (Rynk et al. 1992). To ensure adequate oxygenation and

mixing of composting materials, the compost was turned every 7-days.

A total of 68 sample bags (6.5 x 5.5 cm) was prepared for the study (Larney and
Blackshaw, 2003), sample bags contained 6 replicates of 25 seeds or 4 replicates of 20

rhizomes. The bags were made from a fine nylon-mesh that was able to retain the seeds and



rhizomes while allowing their exposure to temperature and moisture conditions within the pile
(Larney and Blackshaw, 2003). A HOBOware data-logger was placed in the packet to record
temperature at hourly intervals. Packets were then inserted into the centre (2 ft. deep) of the
pile for 7 and 30-day incubation periods (Van Rossum and Renz, 2015). Packets were removed
prior to pile turning and then reinserted randomly into the pile (sticking to the centre) to
simulate the turning process (Van Rossum and Renz, 2015). Upon removal, the packets were

placed in a controlled-environment chamber and assessed for viability.

2.4 Laboratory Methodology

2.5 Oven Mortality Tests
Seeds and rhizomes underwent oven incubations to determine the exact period at

which inactivation occurred for each species. Seeds were placed at a depth of 1 cm in 125 ml
glass jars that were filled with compost, whereas rhizomes were placed at a depth of 2cm in
200 ml aluminum baking trays. The compost was moistened when necessary using distilled
water (Gorai et al. 2005). Seeds and rhizomes were then incubated in a GCA Mechanical
Convection Incubator for a total of 24 and 48 hours at constant temperatures ranging from 40 —
70°C (Vieira, 2010). Compost temperature was monitored using an oven thermometer. Seeds

and rhizomes were then assessed for viability in a controlled-environment chamber.

2.6 Stratification and Scarification Treatments
Stratification mimics the seeds overwintering state (i.e. dormancy period), whereas

scarification scars the seed coat, allowing the scarification treatment (i.e. boiling water,
chemical and mechanical) to penetrate the seed. Kurylo and Endress (2014) found that A.
petiolata, F. japonica, Phragmites sp., R. cathartica and V. rossicum seed coats promotes some
level of dormancy; it was therefore expected that if seeds were subjected to stratification and
scarification treatments, seeds would germinate at a higher quantity. A. petolata, R. cathartica
and V. rossicum seeds were stored in a paper bag in complete darkness under refrigeration (4°C
+ 1°C) for 2 months (DiTommaso et al. 2004). F. japonica was stored in a paper bag at room
temperature (20°C + 1°C) for a 2-month period (Groeneveld et al. 2014). Phragmites sp. seeds

and rhizomes were stored 5 cm below the surface in non-mineral soil for 2 months, under



refrigeration (4°C + 1°C) (Kettenring and Whigham, 2009). After the 2-month period R.
cathartica seeds were scarified by pouring boiling water over the seeds, followed by immediate
placement into the controlled-environment chamber. Seeds were left in the water as it cooled
for 24 hours (Dumroese et al. 2008). A. petiolata seeds were scarified by rubbing seeds
between two sheets of Norton Ultra Fine sandpaper for 3 seconds (Sosnoskie and Cardina,
2009). Seeds were then placed in 10 ml of 2mM of GA; (gibberellic acid) for 48 hours in the

controlled-environment chamber (Yasin and Andreasen, 2015).

2.7 Seed Viability
To get an estimate of the percentage (%) of viable seed/rhizome, 20 seeds and rhizomes

were placed in a non-mineral soil in a controlled-environment chamber, control pots were set-
up and seeds and rhizomes were allowed to freely germinate. Temperature was maintained at
a constant 20 + 1°C, with a photo-light period of 16 hours and 8 hours of darkness, which
mimicked spring-time conditions (Hotchkiss et al., 2007). Oven and compost incubations were
also placed in the chamber for 30 days to test germination viability. Propagules were
considered viable when they broke through the surface of the compost (Hotchkiss et al., 2007).
A. petiolata seeds were placed on a windowsill and allowed to freely germinate. Temperatures
reached 22 + 1°C during the day, and fell to 20 + 1°C at night. All seeds were waterd using
distilled water and rhizomes were watered using Otonabee River water. River water was used
for the rhizomes, because they had higher germination percentages when compared to

rhizomes watered with distilled water.

2.8 Compost Analysis
The maturity of the compost pile was determined by testing for pH, %organic matter

and %moisture content. pH was measured using an Oakton multimeter, in a solution of 1:2.5
soil:solution (RO water) ratio. From there, %organic matter was determined using the loss-on-
ignition (LOI) method via a muffle furnace set at 450°C for 10 hours (Matthiessen et al. 2005).
%moisture content was determined by wet weight based off an oven (105°C) dried soil sample
(Trautmann and Richard, 1996). Moisture was also assessed using the ‘feel’ test (i.e. squeezing

a handful of compost and determining whether it felt like a moist sponge) (Meier et al. 2014).



2.9 Data Analysis
The 30-day compost period was focused on for the data analysis because this time

interval suggests the ability to render plant propagules inactive (Van Rossum and Renz, 2015).
Temperature data from the study were converted to cumulative degree day (CDD) as described
by Larney et al. (2000). The degree day concept was used to integrate temperatures over the
composting period (Larney and Blackshaw, 2003). Using a base temperature of 40°C, degree
days were calculated for the pile. 40°C was chosen as it represents the lower threshold for

thermophilic bacteria common to the composting process (Ryckeboer et al. 2003).
(1)
(Tmin + Tmax)

2

CDD = 40

This model (1) accounts for the intensity of temperature and duration of the exposure of
materials to this temperature (Van Rossum and Renz, 2015). CDDs were calculated by adding
the piles’ daily maximum (Tmax) to the daily minimum temperature (Tmin), dividing the sum by
two (daily mean temperature) and subtracting 40°C (Van Rossum and Renz, 2015). If the mean
daily temperature was < 40°C, then degree days were 0 (Larney and Blackshaw, 2003). The
degree day values were then summed to give CDD for the pile and sampling date (Larney and
Blackshaw, 2003). Daily mean compost temperatures were used to determine temperature per

day for each of the composting periods.

The percent (%) germination equation (2) was used to determine the viability of plant
propagules after compost and oven incubations. %germination was calculated by using the
germination percentage (GP), the number of seeds germinated (n), and the total number of
seeds (N=150) (Pirasteh-Anosheh and Hamidi, 2013).

(2)
GP = n x 100
N

3.0 Statistical Analysis
The effect that time and temperature (i.e. oven and compost incubations) had on

%germination values was analyzed by SigmaPlot, using a one-way analysis of variance (ANOVA).
Results were considered significant at p < 0.05 (a 0.05). Temperature means were calculated

using Microsoft Excel 2017.



Chapter 3: Results

3.1 Compost Pile Composition
The results from this study show that %organic matter (85.00%) and %moisture content

(59.56%) are considerably higher than what is considered within the normal range of mature
mushroom compost, indicating, that the compost is of younger composition (i.e. immature).
Despite the above normal results, the pH (7.15) was within the normal range (Table 1). The
squeeze test resulted in two drops released from the compost, again indicating the immaturity

of the compost.

The pile was unable to reach the ministry required 55°C for 15 consecutive days, as
required by the Government of Ontario (Figure 3). The purpose of the required temperature is
to ensure pathogens have been killed off effectively, as previously stated. Despite the
unachieved desired temperature, both temperature regimes were high enough to ensure full
lethality of the seeds, and reduce rhizome viability. Over the 30-day period the compost
achieved a maximum temperature of 53.01°C, with a minimum temperature of 21.23°C. The 7-
day composting period achieved similar maximum and minimum temperature results (52.23°C
and 27.00°C) respectively (Table 2). Mean air temperatures ranged from 4.11 — 0.91°C over the
30-day period in November 2017 (Table 2). Cumulative degree days (CDD) for the compost
mortality tests was 52.23 (7-day) and 74.77 (30-day) (Table 2). CDD increased as the length of

the compost days increased (Figure 3).

During the first turning session the temperature of the compost fell considerably, which
was the lowest it would reach throughout the 30-day period. After the first turning, the internal
temperature of the pile slowly began to increase, regardless of the air temperature. Ambient air
temperature did not impact the internal temperature of the compost (Figure 2). Towards the
end of the 30-day period, the temperature of the compost slowly began to decline, indicating

that turning was required, or the pile was not receiving an adequate oxygen supply (Figure 2).



Table 1: Results of Trent University’s compost pile composition. The normal range is based off
mature spent mushroom compost requirements.

Analyte (Units) Results Normal Range
6.00-8.506.00-8.50
pH 7.15 (Landschoot and McNitt,
2018)
26.00-60.00
0 i tter (9 85.00

rganic matter (%) (Fidanza et al., 2010)

Moisture content (%) 59.56 40.00-50.00

(Fidanza et al., 2010)
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Figure 2: Air temperature (°C) and internal temperature (°C) of the compost. Values are the
daily averages taken over the 30-day period (November 2017). The horizontal line at 55°C and
vertical line at 15 days represents the limit to reduce pathogens (Ontario Compost, Quality
Standards, 2016). The triangles illustrate the compost turning days.

*Climate data was provided by the Trent University Climate Station.
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Table 2: Cumulative degree day (CDD), and mean minimum and maximum temperature (°C) for
7 and 30-day incubations during November (2017).
*Climate data was provided by the Trent University Climate Station.

Compost

. . Mean air Minimum Maximum
incubation o 0 0 CDD
. temperature ("C) temperature (C) temperature ("C)
period
7-day 4.11%* 27.00 52.23 52.23
30-day 0.91* 21.23 53.01 74.77
80
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Figure 3: Cumulative degree days (CDD) compared to composting days over a 30-day period.

3.2 Effect of Compost Temperature on Seed Viability
Survivorship for compost mortality tests was reduced to O (i.e. 100% mortality) (Table

3). Control %germination (n=20) was adequate for all species, except for A. petiolate (15%) and
Phragmites sp. seeds (0%), despite meeting literature requirements (Table 3). Temperatures as
low as 21.23°C proved to be effective at eliminating R. cathartica seed viability over the 7-day

compost period, whereas Phragmites sp. rhizomes had a reduction in germination after 7 days,
viability was further reduced after 30 days, but it was not eliminated (Table 4) (see Appendix C

and D for compost incubation impacts on rhizomes). These results coincide with the oven

11



mortality results. Temperatures ranging from 40-70°C at 24-48 hour intervals proved to
effective at destroying R. cathartica seed viability. Phragmites sp. rhizomes did not germinate
until the oven temperature reach 70°C at 48 hours, where it reached 8% germination, which
was quite surprising (Table 5). F. japonica had a %germination value of 5%, at a temperature of
40°C for 24 hours (Table 5). As the temperature and time increased, the %germination value
decreased. F. Japonica was proven to be not statistically significant (p-value: 0.09) using a one-
way ANOVA. Temperatures exceeding 50°C were effective at destroying seed viability for most
species. V. rossicum preferred an increase in temperature and time [i.e. 40°C (48hr = 2%); 50°C
(24hr = 12%) (48hr = 13%)], until 60°C where its viability was eliminated, this was proven to be
statistically significant (p-value: 0.03) (Table 5). Overall, higher temperatures and longer time

intervals proved to effective at reducing seed viability for most of the species.

Table 3: Control germination results (n=20).

Species Germination (%) control
A. petiolata 15.00
F. Japonica 90.00
Phragmites sp. (rhizome) 100.00
Phragmites sp. (seed) 0.00
R. cathartica 80.00
V. rossicum 100.00

Table 4: Compost mortality results from 7 and 30-day incubations.
*Only R. cathartica seeds and Phragmites sp. rhizomes were used for compost incubations, due
to the other species still undergoing their stratification treatments.

Species Group Germination (%) Mortality (%)
Phragmites sp. 7-day 13.00 87.00
(rhizomes) 30-day 2.00 98.00
7-day 0.00 0.00

R. cathartica (seeds) 30-day 0.00 0.00

12



Table 5: The effect of oven temperature on %germination.

Group

Compost
temperature (°C)

Species

Germination (%)

Mortality (%)

24-hour

40

50

60

70

Phragmites sp.,
R. cathartica, V.
rossicum

F. japonica

Phragmites sp.,
F. japonica, R.
cathartica

V. rossicum

F. japonica,
Phragmites sp.,
R. cathartica, V.

rossicum

F. japonica,
Phragmites sp.,
R. cathartica, V.

rossicum

0.00

5.00

0.00

12.00

0.00

0.00

100.00
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Chapter 4: Discussion

4.1 Compost
Compost composition results from the current study indicate that the mushroom

compost is at an immature or ‘younger’ stage, accounting for the extreme %organic matter and
%moisture content values. Unstable compost can have a more volatile temperature regime,
greatly impacting the consistency of the internal temperature of the pile. The turning method
employed (i.e. tractor) for the duration of the study, likely hindered the composts ability to
receive adequate oxygen directly in the centre of the compost. On most turning days, the
tractor was unable to adequately turn the compost because of the sheer volume and thickness
of the pile, which likely influenced the temperature in the pile. High organic matter content is
due to the immaturity of the compost, as the compost matures the soil microorganisms will
slowly release the nutrients (i.e. N, P, K) over time (Fidanza and Beyer, 2005), decreasing the
overall organic matter content. High moisture content in compost has been shown to directly
influence the amount of oxygen reaching the pile. Van Rossum and Renz (2015) found that the
higher the moisture content, the more it influenced and reduced airflow from entering the pile,
which inadvertently reduced compost temperature rate. The high moisture content of the pile
likely directly influenced the amount of oxygen reaching the centre, preventing the
temperature from consistently reaching above the desired 55°C. One of the goals for this study
was to replicate the conditions that occur at compost facilities in Ontario, by utilizing similar
compost types and turning regimes. Although this study was not successful, the CDD suggests

that the compost temperature was sufficient at deterring seed viability.

4.2 Effects of Compost on Seed Viability
Although Ontario’s requirements weren’t met, compost temperatures as low as

21.23°C eliminated seed viability for R. cathartica seeds in just 7 days, and reduced Phragmites
sp. rhizome viability, but did not eliminate it. Van Rossum and Renz (2015) also found that 1-
day of composting reduced viability by 88% for R. cathartica, with predicted 99% inactivation
after 3 days for the seeds. The effects of composting proved to be an effective control method
for R. cathartica, despite the low temperature regime. Van Rossum and Renz (2015) suggest
that this is due to the seed coat thickness. Seed scarification further weakened the seed coat
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thickness of R. cathartica making it more susceptible to the compost temperature regime. Van
Rossum and Renz (2015) discovered that when comparing seed coat decay rate, R. cathartica
seeds were proven to have the highest rate over A. petiolata seeds (Van Rossum and Renz,
2015), again suggesting that R. cathartica seeds have weak seed coats. Although A. petiolata
seeds were unable to be used for the compost incubations, it was found that under similar
composting conditions as this study; seed viability was reduced to 79% after 1-day of
composting, and viability was further reduced to 99% after 3 days of composting (Van Rossum
and Renz. 2015). It was found that composting A. petiolata for 7 days in a manure-based
compost yielded zero viable seeds (Van Rossum and Renz, 2015). This suggests that these seeds
would be susceptible to the composting process. Phragmites sp. proved to be effective at
buffering the composting effect. The rhizomes that accounted for the %germination values
were not affected by the microbial activity of the compost. Other studies investigating
composting effects on Phragmites sp. rhizomes could not be found. However, a similar study
using F. japonica rhizomes found that rhizomes were more likely to survive in high moisture
content compost pile rather than in drier compost (Xian et al. n.d.). Rhizomes were readily
inactivated by 45°C after 48 hours, compared to 72 hours required for compost piles with a high
moisture content (Xian et al. n.d.). These findings, along with the current study’s findings,
suggest that rhizomes are susceptible to typical compost process temperatures (Xian et al.

n.d.), but can be greatly hindered when the pile has a high moisture content.

4.3 Effects of Temperature on Seed Viability

Oven incubations proved that temperatures as low as 40°C were needed to eliminate
seed viability of R. cathartica seeds, and further reduce viability of the other test species.
However, to fully eradicate seed viability, temperatures >60°C will be needed within the
compost pile. This study, along with Egley (1990) found that seed viability rapidly decreases
during the first 24 and 48 hours, viability is also further decreased from being exposed to
temperatures ranging from 40-70°C. For example, 95% of F. japonica seeds were killed within
the first 24 hours, and by 48 hours seed viability had been completely eliminated. Only small

differences in germination occurred between seeds exposed to lower temperatures but a
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critical increase, between 50-60°C prevented germination for most of the species (Thompson et
al. 1996). Jones and Blair (1996) found that critical temperatures required to prevent
germination have been shown to be in the range of 50-80°C. Furthermore, the peaks of
germination among the species at each temperature vary in relation to time (Jones and Blair,
1996). Responses to higher temperatures varied among species, but increasingly higher
temperatures and longer treatment reduced the number of surviving seeds (Egley, 1990). As
exposure time to the high temperature continues, seeds that are highly susceptible to heat are
killed and other seeds are either unaffected or induced to germinate (Egley, 1990). However,
seedlings produced from seeds induced to germinate by heat may not survive the intense heat
and the net result is reduced seed population without increased weed emergence from the soil
surface. Thus, the intense heat and elevated moisture may enhance germination but will kill the

seedlings prior to emergence and result in a net decrease in weed stand (Egley, 1990).

4.4 Additional Factors

Additional factors affecting seed viability may be propagule placement and moisture
content of the pile, along with the creation of phytotoxin leachates from the composting
process. Depending on where the plant propagules end up in the pile, determines the
temperature at which it will be exposed to. Propagules located closer to the surface will be
unable to attain the elevated temperatures required for reducing viability. Van Rossum and
Renz (2015) found that viability was initially influenced by the propagule placement within the
compost pile, possibly due to temperature differences within the pile (Daugovish et al. 2007).
For this study, the ministry required temperature was not achieved, however, seed and
rhizome viability was still greatly reduced. Larney and Blackshaw (2003) have found that high
temperatures combined with wet conditions are more effective at killing seeds when compared
to high temperatures alone. Certain weed seeds put into compost with a high moisture content
have been shown to imbibe the moisture from the compost, encouraging germination (Egley,
1990), however, other weed species put into moist compost have had their seed viability

eliminated (Egley, 1990). Variation in seed survival at temperatures obtained through the
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composting process has been attributed to seed coat water permeability, seed dormancy, and

seed moisture content (Egley, 1990; Nobel et al. 2011).

Eghball and Lesoing (2000) reported that when a compost pile has a high moisture
content, weed seed viability may be destroyed even though the critical temperature is not
reached, possibly because of compost phytotoxin leachates. Production of water-soluble
organic phytotoxins such as short-chain fatty acids (i.e. acetic acid), during composting has
been reported (Kirchmann and Widen, 1994). Ozores-Hampton et al. (1999) found that
germination of Ipomoea hederacea L. (ivyleaf morning glory), Echinochloa crus-galli L. (barnyard
grass), and Portulaca oleracea L. (common purslane) was delayed and decreased by extracts
from 3 and 30-day composts as compared with a mature compost extract (1-year old). This was
attributed to higher amounts of acetic acid in the immature composts (Larney and Blackshaw,
2003). Phytotoxin leachates, combined with a high moisture content could explain why R.
cathartica seeds were unable to survive in the compost pile, and why Phragmites sp. rhizome
viability was severely impacted. Seeds and rhizomes that underwent oven incubations did not
show the same amount of damage, as the compost incubations, this possibly attributes to the

combination of temperature, moisture content and phytotoxins within the pile.
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Chapter 5: Conclusions

5.1 Summary
This study showed that heating seeds and rhizomes in compost reduced germination

potential, compared to the unheated control. Temperature required to achieve complete
elimination of viability was species-dependent. R. cathartica seeds proved to be the most
sensitive to compost and oven temperature regimes, while V. rossicum preferred warmer
temperatures for longer time periods. A critical temperature increase between 50-60°C
prevented germination for all species, except for Phragmites sp. rhizomes. In the compost pile,
the relationship between temperature and viability was not proven to be effective as increasing
the amount of time seeds and rhizomes spent in the pile. This suggests that other factors such
as phytotoxin leachates and moisture content, may play an important role in reducing overall

viability of plant species.

5.2 Study Limitations
This study was limited by several factors. Firstly, each species required their own

stratification treatment. Stratification treatments required seeds to undergo long periods of
induced dormancy, disallowing most of the species to be used for compost incubation tests,
thus, limiting the results for the study. Secondly, seed viability seemed to vary greatly between
each species. It took several months for A. petiolata to germinate (i.e. 4 months), making it
impossible to use in either the compost or oven incubation tests. Phragmites sp. seed failed to
germinate entirely, again rendering it useless for this study. Thirdly, this study was unable to
replicate municipal windrow compost heaps, possibly altering the results that a windrow

compost pile may achieve.

5.2 Future Recommendations
Future studies should look at propagule survivability within different depths of the

compost, and the effect that moisture content and phytotoxin leachates have on weed seed
viability. Studies should continue testing A. petiolata, F. japonica, Phragmites sp. and V.
rossicum seeds in compost piles, because of the shortcomings with these species in this study.

Additionally, studies should look at the specific temperature and time needed to render
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rhizome viability to zero. Further experiments concentrating on lower temperature ranges may
be required under both moist and dry compost conditions, with and without turning (Larney
and Blackshaw, 2003). Lastly, piles maintained at higher temperatures would reduce the time
that each plant propagule spent in the pile, indirectly preventing the propagules from

potentially escaping.
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Appendix: A
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Figure Al: A digital photograph of a mature V. rossicu (dog-strangling vine) plant.



Appendix: B

Figure A2: Phragmites sp. rhizomes before entring copost pile. %germination = 100.00%



Appendix: C
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Figure A3: Phragm/tes sp. rhlzomes after 7 days of being incubated in the compost
%germination = 13.00%
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Appendix

%germination = 2.00%

Figure A4: Phragmites sp. rhizmes after 30 days of compost incubation.
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