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Liverwort (Marchantia polymorpha L.) is a problematic weed on container surfaces in nurseries, because it hampers
water and nutrient access to growing plants. No chemical herbicide against it is available in the EU. Mulches are the
most common non-chemical weed control method. Mulches of Sphagnum moss and 1-cm blackcurrant stem pieces
were used. Mulches’ effect on liverwort control continued for two years on highbush blueberry and blackcurrant,
and one year on rhododendron. The blackcurrant stem pieces trial continued for one year. Blueberry and rhodo-
dendron demand acidic growing media, creating an acute need for liverwort control. Sieved moss was used in two
different layers on top of a pot. The prevention rate of liverwort growth in blueberry in July-August was 95-99%,
and in October 78-90%, depending on weather conditions; in rhododendron and blackcurrant, it was 90-95%.The
control effect was diminished in more decomposed moss. No significant difference between thickness and coarse-
ness of moss mulch layers was observed. Blackcurrant stem pieces controlled liverwort growth by almost 100%.
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Introduction

Liverwort (Marchantia polymorpha L.) is one of the most harmful weeds in commercial plant nurseries worldwide,
because it spreads efficiently on the surface of plant containers and is a strong competitor for water and nutrients
during the propagation of container-grown nursery crops (Fausey 2003). Automatic sprinkler irrigation systems
in nurseries especially encourage liverwort growth, because regular availability of water generates a beneficial
environment for the growth and spread of liverwort (Hammett 1976). In addition, water runs along the leather-
like surface of liverwort out of the container and may cause a lack of water for the plants. The growth of the plants
slows down, extending the growing time for a saleable product. Liverwort is also an aesthetic disadvantage when
selling plants. No chemical pesticide is authorised in the EU to control liverwort on the surface of pot plants. Liver-
wort thrives in very similar conditions to the plants to be propagated. In the early stages of growth, a high relative
humidity and/or moisture substrate promote its growth. However, liverwort shows some resistance to drought
(Poteri 2002), although the air pores on the dorsal surface is believed not to close like stomata when there is a
shortage of water (Shimamura 2016). The optimum day length for liverwort growth is 13—15 hours (Newby et al.
2006). Low light intensity, low UV irradiation (Newby et al. 2006), and high nutrition conditions (Voth and Ham-
ner 1941) are also required. The most favourable temperature range for sexual reproduction is 10-15 °C, and for
vegetative growth, 18-22 °C (Newby et al. 2006).

Liverwort has a leaf-like thalli that adheres firmly to the surface of the container with the help of rhizoids (New-
by et al. 2007). Removing it mechanically is difficult, and the detached fragments of thalli begin immediately to
grow again. Liverwort also spreads asexually via diaspores of about 0.5 mm (Laaka-Lindberg 2016) called gem-
mae, which develop in bowl-shaped gemmae cups on the surface of thalli (Newby et al. 2007). Gemmae cups be-
gin to form very quickly in the early stages of growth. One gemmae cup consists of 20-25 gemmae (Laaka-Lind-
berg 2016). Spreading becomes more effective when water splashes onto gemmae cups and causes the gemmae
to fly into the air. Gemmae are large compared to sexually produced spores, and are therefore strong and begin
to grow rapidly (Laaka-Lindberg 2016). The liverwort is dioecious. Sexual reproduction begins at a later stage of
growth. For the purpose of sexual reproduction, the shank produces sperm and egg colonies at the ends of the
long supports. About 10000 small spores are formed in one sporadic colony, about 10-15 um in size, which are
ejected (Laaka-Lindberg 2016).
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The most common non-chemical weed control is the use of mulches (Wilen et al. 1999). In experiments, the layer
depth of mulch has proved important to achieve the best weed control. Restrictions on the growth of liverwort
include e.g. the following mulches: a 1.3-cm layer of hazelnut and oyster shells (Svenson 1998), and a 2.5-cm lay-
er of parboiled rice hull (Altland and Krause 2014). Low irrigation intensity has also improved liverwort control in
various mulches (Svenson 1998).

In contrast, poor control of liverwort has been reported with coarse sand, peat, perlite, pumice, and rockwool
(Svenson 1998). Other mulch materials for control of weeds are a 2.5-cm layer of recycled paper pellets (Smith
et al. 1998), pine bark, and cocoa hull (Abbey and Mervosh 2002, Mervosh and Abbey 1999, Mervosh and Abbey
2002), wheat straw, oat straw, and cereal rye straw (File et al. 2000). An application of mustard seed meal on the
thallus of growing liverwort caused necrosis within 2 to 3 days of application and provided up to 97% control of
liverwort (Boydston et al. 2008). A problem with many mulch materials is that they are lightweight, and the wind
blows them away from the container surface. Even if these materials are effective, high material and labour costs
can prevent their wider use in commercial nurseries (Stewart et al. 2017).

Sawangproh et al. (2016) found a few gnat larvae of the sciarid fly (Scatopsciara cunicularis Lengersdorf) feeding
on the living thalli of the liverwort. This has potential for the future biological control of liverwort in greenhouses.

Sphagnum moss has proved a useful growing medium for plants (Gaudig and Joosten 2002, Silvan et al. 2017).
Good-quality non-decomposed moss is obtained by collecting only a 30-cm layer of live Sphagnum moss from
the top of the mire in Finland. Moss regeneration in mires begins immediately after harvesting, so harvesting is
ecologically sustainable (Silvan et al. 2012). In our growing media studies, we have found that weeds do not grow
on the surface of the Sphagnum moss. However, no large-scale studies in nurseries have been implemented to
obtain the actual effect of Sphagnum mulch layer on the control of liverwort growth on the container surface. In
Finland, liverwort in nurseries is especially problematic for plants like rhododendron and blueberry that require
an acidic growing medium. The aim of our research was to test Sphagnum moss from different mires, their layer
depth, and coarseness on the top of pots for the control of liverwort growth in rhododendron, highbush blue-
berry, and blackcurrant plants in a commercial nursery. The effect of blackcurrant stem pieces on the growth of
liverwort was also tested in a plastic greenhouse.

Material and methods

Three plant species were used in the experiment: highbush blueberry (Vaccinium corymbosum L.) cv. Northblue,
blackcurrant (Ribes nigrum L.) cv. Ola, and rhododendron (Rhododendron) cv. Pohjola’s Daughter.

The experiments were prepared at Luke Piikkic experimental station and cultivated by a commercial nursery in
Southwest Finland (60° 05’ 50” N, 023° 31’ 35” E). The weather conditions in both years are presented in Figure 1.

The highbush blueberry and blackcurrant trials lasted two years; the rhododendron trial lasted one year. The grow-
ing medium for blackcurrant was B2 peat, fertilised by dolomite lime 9 kg m* and N-P-K (9-4-13) fertiliser 1 kg
m=3, pH 6.4. The growing medium for blueberry and rhododendron was a mixture of blackcurrant peat and peat
without fertilisers and dolomite lime, pH 4.8. The Sphagnum moss was a mixture of moss species. Most of it was
S. fuscum, followed by S. medium, S. balticum and S. rubellum.

In the first spring, one-year-old blueberry and blackcurrant plants were planted in 1-litre pots. In the second year,
the same plants were planted in 3-litre pots. The plants were dormant (leafless) at potting. Two-year-old rhodo-
dendron plants were planted in 3-litre pots in the first spring. Between week 44 in October/November and week
19 in May, blueberry and blackcurrant plants were stored in cold storage at + 1 °C. No live liverwort was detec-
tive on the surface of the pots after cold storage. New growing media and mulches were added in addition to the
old substrates.

At potting, free space was left on the surface of the pot for a layer of Sphagnum moss. One- and two-cm Sphag-
num moss layers were used for blueberry and blackcurrant. A two-cm layer of Sphagnum moss was used for rho-
dodendron. Sphagnum mosses from different mires were air-dried and sieved. Sphagnum mosses for blueberry
and blackcurrant were 10-20 mm, and for rhododendron additionally, 20—40 mm. The Sphagnum mosses were
moistened with tap water before application to the pot surface.
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Sphagnum moss from three different mires was included in the experiment. In the first year, the Sphagnum moss-
es originated from mires M and B, and in the second year from mires M and C. Sphagnum mosses M and C were
collected at a depth of 0—30 cm from the surface of the mire. Sphagnum moss B was collected more deeply, be-
cause it contained partly decomposed moss (peat). Only the M moss was used for rhododendron. Mulch materi-
als did not contain nutrients.

After potting at experimental station in Piikkio, the plants were transported to the nursery for field trials on 14
May 2018 and 16 May 2019. They were placed in the same automatic overhead irrigation area with other plants
of the same species in the nursery. Blackcurrat received in July 2019 1.5-2 g pot™ fertiliser N-P-K (11-4.6-17.6 and
micronutrients).

The plants were observed twice during the growing season: in July and October 2018; and August and October
2019. Liverwort coverage on the pot surface was observed in percentages.

The experimental design was completely randomised, with six blocks. In each block, there were five blueberry
and blackcurrant plants, and three rhododendron plants for each treatment. Liverwort coverage data were ana-
lysed with the SAS/MIXED procedure (SAS version 9.4). Comparisons were performed using the HSD test in the
SAS/MIXED procedure.

In the summer of 2019, a pilot test with four treatments was performed with blackcurrant cv. Mortti stem pieces
in a plastic-covered greenhouse in which liverwort was growing everywhere. The blackcurrant stems were cut
in winter from bushes in winter dormancy and stored in a cold room covered with plastic until May. Stems were
cut in 1-cm pieces. 0.75 | pots were filled with peat. The control treatment was a peat pot with no plant. In treat-
ment 1, there were five blackcurrant cuttings in one peat pot. In treatment 2, the pot surface was covered with
a 2-cm layer of blackcurrant stem pieces with no plant. In treatment 3, the pot surface was covered with a 2-cm
layer mixture of peat and blackcurrant stem pieces in a ratio of 1:1 with no plant. The liverwort coverage on the
pot surface was observed in August and October. The experimental design was completely randomised, with six
blocks and two pots in each block. Data were analysed as in the previous experiment.
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Fig. 1. Mean temperatures (°C) and monthly rainfall (mm) in field conditions in
Lohja, Finland (Finnish Meteorological Institute)
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Results

In highbush blueberry, liverwort began to increase more on the pot surface in July 2019 in the control than in the
Sphagnum moss mulch (Fig. 2). In August 2018, a quality difference in Sphagnum moss mulch on liverwort inva-
sion efficiency was observed. The coverage of liverwort on the pot surface was higher with Sphagnum moss B
(18-30%), which was more decomposed than in Sphagnum moss M (4.5%) (Fig. 2). In October, many of the pot
surfaces of the control plants were totally covered with liverwort, although the mean coverage values between
years varied from 45 to 64%. In October 2019, Sphagnum moss mulches M and C significantly inhibited the growth
of liverwort on blueberry pots (10-22% coverage), compared with partially decomposed Sphagnum moss B (26—
35% coverage) in 2018 and the control (45—-64% coverage) (Fig. 2). The thickness of the Sphagnum moss mulch
layer did not differ significantly between treatments.
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Fig. 2. Mean values and SE of liverwort coverage % on pot surface of highbush blueberry in different months, years
and treatments. M, B and C correspond to different origins of Sphagnum moss, cm is depth of moss layer on the pot
surface at potting. Different letters indicate statistical difference p<0.05. Small letters indicate results in July or August,
and big letters in October. Treatment n=30

Weather conditions appeared to have promoted the growth of liverwort more in 2019 compared to 2018, because
rainfall in the autumn of 2019 was much higher than in 2018, and mean temperatures during growing periods
were higher in the summer of 2018 than in 2019 (Fig. 1).

In rhododendron, both the Sphagnum moss degrees of coarseness similarly inhibited the growth of liverwort in
2018 (Table 1). In October, liverwort had already started to die on the pot surface.

Table 1. Mean values and SE of liverwort coverage % on pot surface of
rhododendron. Surface was covered with 2 cm of different coarseness of
Sphagnum moss M. Different letters in one column indicate statistical difference
p<0.05. Treatment n=18

Treatment Coverage %

August October
Sphagnum 10-20 mm 27+43a 56+4.4a
Sphagnum 20-40 mm 1.7+42a 24+43a
Control 51.8+45b 428+46b

Observations of blackcurrant in 2018 showed that liverwort attacked only a few pot surfaces. Most of the pots
were unattached. The dispersion of the results was therefore extensive (Fig. 3). There was no statistical difference
between treatments. In July 2019, almost no liverwort was observed on the pots (data not shown). In October
2019, the liverwort invasion on the pots of Sphagnum treatments was only 0.5%, and in the control, 2.5%. When
the blackcurrant plant in the control pot was dead (n=3), the pot surface was covered with liverwort. We antici-
pated that blackcurrant excreted a growth-inhibiting agent.
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Fig. 3. Mean values and SE of liverwort invation % on pot surface of blackcurrant
plants with different Sphagnum mulches in 2018. Treatment n=30

A pilot test in 2019 with blackcurrant stem pieces showed that 26% of control pot surfaces in August were covered
with liverwort. In the other treatments, this ranged between 0 and 9%. In October, liverwort covered the entire
surface of the control pots. Hardly any liverwort grew on the pot surface covered with a 2-cm layer of blackcur-
rant stem pieces with no plant (Fig. 4). When one or more blackcurrant plants were alive in peat pots, or a 2-cm
peat/stem pieces mixture covered the surface of pots with no plant, the liverwort invasion was 36—-47%. These
results support the notion that blackcurrant has a growth-inhibiting character.
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Fig. 4. Liverwort average coverage % and SE on pot surface of
different treatments in October. Different letters indicate statistical
difference at p<0.05. Treatment n=12

Discussion

The Sphagnum moss used in our study did not completely control liverwort (Marchantia polymorpha L.) growth.
In July—August, the average prevention rate in highbush blueberry was 95-99%, and in October, it was 78-90%,
depending on the year. In rhododendron and blackcurrant, the control was 90-95%. Stewart et al. (2017) reported
that it was difficult to achieve complete control of weeds on pot surfaces with different kinds of mulch.

Liverwort began to increase on the surface of the pots in July at the latitudes of the experimental location in
Finland, while at southern latitudes in America, it increased strongly in May (Wilson and Hughes 1985). Newby et
al. (2006) found that in the United States, liverwort had its best growing time at days with a 13—15-hour length and
at 18-22 °C, which also seemed to fit the liverwort growth efficiency measured in our experiment. The day length
from early summer to mid-August was more than 15 hours and had fallen to less than 13 hours in mid-September.
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The weather conditions in our research had a considerable impact on the growth intensity of liverwort obtained
in different years. Temperatures for liverwort growth were more favourable in the rainy summer of 2019 than in
2018. During low rainfall periods, the growth of liverwort can be limited by controlling irrigation intensity. During
rainy summers, this is difficult due to the high relative humidity and the uncontrollable amount of water the plants
receive. Svenson (1998) has also written that high growing medium humidity increases liverwort growth.

Although the thickness of the Sphagnum moss layer did not significantly affect the suppression rate of liverwort
growth in blueberry, the 2-cm mulch layer appeared more effective and at least more secure on the pot surface
than the 1-cm layer in the rainy 2019. Irrigation and rainwater drops did not mix with the substrate and flew away
from the pot surface as easily with a 2-cm mulch layer as with a 1-cm layer. The mulch layer was important in the
liverwort growth suppression efficiency reported by Svenson (1998), and Altland and Krause (2014).

Sphagnum moss resources are substantial in Finland, but the application on the pot surface needs to be easy and
non-expensive for large-scale nursery utilisation. The good results of liverwort control meant that the Sphagnum
moss being tested as pressed discs could be placed on the surface of the pot during planting. The fact that the
effective control of liverwort growth in rhododendron was received at both tested degrees of coarseness offers
more potential for the manufacture of pressed discs with a finer coarse quality.

The growth inhibition effect of blackcurrant on liverwort growth was surprising. Much information is available in
the literature on the chemical control of liverwort (e.g. Hammet 1976, Fausey 2003, Case et al. 2005), but no use
has been reported for substances extracted from blackcurrant. For example, pelargonic acid and acetic acid have
been tested as pre-treatments before liverwort growth (Fausey 2003). These chemicals initially had a good effect
(80% control), but the efficacy was lost after 11 weeks of application. However, these agents are useful in preventing
the spread of liverwort in the nursery. In our study, when blackcurrant plants were growing in both Sphagnum
moss mulch and control treatments, the suppression effect against liverwort growth did not differ between
treatments. However, in pots that included blackcurrant stem pieces or blackcurrant plants, the control effect
against liverwort was obvious compared to the pot without blackcurrant. Extracts of blackcurrant berries and
leaves contain antioxidant-active compounds, e.g. phenolic compounds that inhibit the growth of certain microor-
ganisms (Werlein et al. 2005). The stem is comprised of hardwood lignin (Stewart and Brennan 1996). A dry mulch
surface has been shown to have a growth inhibition effect on liverwort (Altland et al. 2016), which probably also
increased the liverwort growth inhibition effect of blackcurrant stem pieces in our research.

In conclusion, although the use of Sphagnum moss as a mulch cover does not completely prevent the growth
of liverwort, it is an ecological option that can significantly reduce the invasion of liverwort on the pot surface
throughout the growing season. This positive effect was especially important for acidic growing media. If the use
of Sphagnum moss as a growing medium increases, mulch addition on the pot surface may become unnecessary.
Furthermore, Sphagnum moss growing media suppress the growth of all kinds of weeds, which would greatly ease
their associated problems in nurseries.
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