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FIGURE 9. Plantations are used to provide mosses
for private and public gardens near Nagoya, Japan.
a. Pogonatum, Polytrichum, and Atrichum grow in
shade of pines in a moss plantation. b. Polytrichum
is stacked and ready for transplanting. c. A simple
broom is used to clean moss gardens, especially for
removing deciduous leaves. Photos by Janice Glime.

moss upside down and washing away the soil to prevent
the shrinkage that results from drying. Another way to
avoid this problem is to pin the mosses to soil with

toothpicks or small twigs. Many gardeners apply mosses
to loose soil, then trample the mosses once in place.
Many planting techniques take advantage of the ability
of bryophytes to grow from vegetative fragments. In
experiments with Atrichum undulatum and Bryum
argenteum, many fragments developed shoots, whereas
upright stems usually failed to develop from protonemata
started with spores (C. J. Miles and R. E. Longton 1990).
C. Gillis (1991) explained how to prepare, plant, and
maintain a moss garden. She described mixing a handful
of moss, a can of beer, and a half teaspoon of sugar in a
blender, then spreading the mixture 0.5 cm thick on the
ground; it produced moss growth within five weeks.
Others have successfully used buttermilk, egg whites, rice
water, carrot water, potato water, and even just water as
the medium instead of beer (V. L. Ellis 1992). Such
mixtures are helpful in assuring that moss fragments
adhere to rocks.
In their “Fact sheet for moss gardening,” the American
Horticultural Society recommended grinding dried moss
and spreading it as powder, cautioning the gardener never
to buy moss from a grower unless certain that the moss
has been propagated by the seller and not taken from
the wild. They recommended keeping the pH below 5.5
by applying sulfur, buttermilk, or aluminum sulfate.
Successful starters can be grown from fragments
between two moist sheets of cheesecloth (J. K. Whitner
1992), although spores can be used as well (J. McDowell
1968). Partially dried moss fragments must be spread
over cheesecloth that overlies a sand-peatmoss or sawdust
mix in a flat. These are covered with a second piece of
cheesecloth and kept moist by misting. When the plants
are well established (about 4.5 months), it is easy to
transplant them by lifting the soil/cheesecloth layer and
cutting it into the shape needed. Some gardeners have
been successful in growing rock-dwelling taxa this way
as well, ultimately draping the cheesecloth over rocks.
The mosses grow through the cloth, which eventually
rots away. Brachythecium salebrosum and Plagiomnium
cuspidatum are relatively easy to cultivate in this way
(H. A. Crum 1973).
In a moss farm near Nagoya, Japan, gardeners dry
members of Polytrichaceae (Atrichum, Pogonatum,
Polytrichum), then fragment them by rubbing them
between their hands (pers. obs., with translation by
N. Takaki). The resulting pieces are spread on soil of
flats by broadcasting as one would grass seed. Mosses
grown in these flats are eventually transplanted to an
outdoor garden shaded lightly by pines and other trees
with evergreen leaves. When a customer wants to buy
mosses, clayey soil in the moss plots is cut into squares
about 20 cm on a side, lifted, and stacked to dry. The
customer then plants the squares in a checkerboard
pattern in the garden, again tramples them to break up
the squares and dry plants, and begins a daily watering
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regime. Japan’s long rainy season makes it relatively easy
to establish a moss garden, but in most of the rest of the
world, more extensive care is needed to maintain
sufficient humidity. Many parts of Great Britain and the
Pacific Northwest in the United States and Canada,
however, also have favorable weather.
Most mosses require at least light shade, which must
be provided by trees that do not bury the mosses under
litter. In Japan, there is a saying that only old men and
little boys can care for the moss garden. This is because
the garden requires care to remove leaf litter, but it must
not look too cared for or it will not look natural. A soft
broom made of grasses is usually best to brush away
litter. M. Mizutani (1975, 1976) and T. Fukushima
(1979, 1979b, 1980) advised preserving the characters
of the original habitat, constant weeding, moderate
watering, continual care to remove fallen leaves and dung,
and elimination of harmful animals such as moles, slugs,
crickets, and ants. Z. Iwatsuki and T. Kodama (1961)
pointed out that fertilizer should never be used for mosses.
In fact, J. Stubbs (1973) recommended the use of fertilizer
based on iron sulfate as a means of quickly killing moss.
Herbicides such as paraquat, simazine (T. E. T. Bond
1976), 2, 4-D, and atrazine (D. H. Wagner, pers. comm.)
will permit moss growth, while eliminating invading
tracheophytes (Bond).

Dwarf Plants
Mosses in bonsai and bonkei help to stabilize the soil
and retain moisture, providing a warning system when
delicate dwarfed bonsai plants need water. Unfortunately,
a moist, dense mat inhibits root growth and can result in
sudden growths of fungi; bonsai experts advise removing
the moss each autumn (J. H. Bland 1971). Useful species
include Atrichum undulatum, Barbula unguiculata,
Bryum argenteum, Funaria hygrometrica, Leucobryum,
Physcomitrium, and Weissia controversa (H. Inoue
1980).
In the Pacific Northwest, Leptobryum pyriforme,
under the name Kyoto moss, is being sold for bonsai
trays (J. Christy, pers. comm.). In Mexico, mosses,
especially Campylopus, are used for fake bonsai, or dish
gardens. Others used are Dendropogonella rufescens,
Hypnum, and Thuidium (C. Delgadillo, pers. comm.).
In Japan, mosses are used to make miniature
landscapes in trays (bonkei, bankei, saikei). Mosses
provide an appropriate texture and color while
withstanding dryness (T. Kawamoto 1980). A variation
of the landscape tray served as a daily changing delight
for one hospitalized person in the United States
(W. Gerritson 1928). “Each day the mosses had changed
appearance; so each day added a new joy. The nurses
came from time to time to see and admire. Other patients
shared its freshness and beauty. Visitors, too were invited

FIGURE 10. Mosses are commonly used in private
gardens in Japan. a. Moss, boulders, stone lantern,
and gravel create effect of distance in this private moss
garden. b. Mosses border this path in a private moss
garden. c. Moss have been cultured on this bowl.
Photos by Janice Glime.

to see the charm of a ‘platter of mosses.’” Gerritson had
arranged sixteen species of mosses, including various
stages of maturity of capsules, to insure constant change.
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FIGURE 11. Racomitrium canescens has a frosted look that is attractive for creating miniature landscapes. a. In
Iceland it forms large hummocks. b. Its white leaf apices are used to give effect of frost or snow on mountain
tops in dish and moss gardens. Photo by Janice Glime.

Large mosses such as Atrichum, Climacium,
Dicranum, Polytrichum, and Rhodobryum simulate
forests. Grasslands or mountains can be imitated by
Bryum argenteum, Hypnum plumaeforme, and
Leucobryum. White-tipped mosses like Racomitrium
canescens provide a snowy look.

Pesticides
When tracheophytes are stored in an herbarium, moth
balls can provide protection from beetle infestation.
However, such protection is not necessary for bryophytes
because they are apparently not vulnerable. Many
authors have suggested that bryophytes may contain
natural pesticides (R. B. Yepsen 1984). In fact, the
liverwort Plagiochila contains the sesquiterpene
hemiacetyl plagiochiline A (Y. Asakawa et al. 1980b), a
poison extremely potent in mice (A. Matsuo 1983,
unpublished data) and it inhibits the feeding of an African
army worm (Y. Asakawa et al. 1980).
A. J. Davidson et al. (1989) found that shoots of
Brachythecium rutabulum and Mnium hornum are not
grazed by slugs, but that the immature capsules are readily
eaten. They isolated ferulic and possibly m- or pcoumaric acid from a wall-bound fraction of the leafy
shoot, suggesting that these compounds served as
antifeedants.
C. L. Liao (pers. comm.) has shown that both aquatic
and terrestrial isopods devour some mosses readily while
avoiding others. L. Russell found that one insect readily
devours Porella navicularis until it eats a species of Porella

that has a peppery taste (D. H. Wagner, pers. comm.).
After eating the peppery species for a few minutes, it stops
eating it and henceforth refuses to eat either Porella
species. Such evidence, coupled with the fact that many
terpenes and other phenolic compounds occur in
bryophytes (Y. Asakawa 1982, 1988, 1990, 2001;
Asakawa and E. O. Campbell 1982), is sufficient to
suggest that exploration of antiherbivory compounds in
bryophytes could prove quite profitable.

Moss Industry
Fuel
Nearly half the world’s annual peat production is used
for fuel, with peat resources worldwide estimated to be
equivalent to 100–200 million tons of oil, or about half
the known gas reserves (United Nations 1981). In
Canada, there appears to be more energy in native peat
deposits than in forests and natural gas reserves
(J. A. Taylor and R. T. Smith 1980).
When war and politics threaten access to major oil
supplies, peat is a promising substitute for some purposes.
Peat is a clean-burning fuel. The lovely complexion of
Irish and Swedish women has been attributed to the cleanburning Sphagnum peat used in those countries (K. Drlica
1982). With its high caloric value, more than 8,000 BTU
per dry pound, peat is receiving unprecedented attention
as an alternative fuel source. Mosses, traditionally used
as fuel in some devolved and developing countries, now
are important sources of fuel in northern Europe,
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especially in Finland, Germany, Ireland, Poland, Russia,
and Sweden. The former Soviet Union burned an
estimated 70 million tons and Ireland 3.5 million tons of
mosses in one year to produce electricity (P. H. Boffey
1975). According to D. H. S. Richardson (1981), 25%
of the fuel in Ireland is moss-based. With at least 50
countries harvesting peat, D. Hinrichsen (1981) estimated
that peat equivalent to 60–70 million tons of oil would
be in use by the year 2000.
Several technical aspects need improvement before
widespread use of peat fuel is feasible. Many peatland
ecologists are studying the regeneration capacity of
various Sphagnum species, and S. Chapman et al. (2003)
claimed that limited peat extraction can actually increase
biodiversity. Improved methods are needed for
harvesting, drying, and conversion to a burnable fuel
(O. Lindstrom 1980). Peats are ideal for production of
methane, eliminating the chopping that is required in use
of water hyacinth, and can be used to produce ethylene,
hydrogen, methanol, synthetic or natural gas, and low
and intermediate BTU gas. Other advantages include
growing with little care, easy harvesting, little
maintenance cost, low sulfur content and cleaner-burning,
superior heating value compared to that of wood but
similar to that of lignite, and ability to renew the resource,
although fuel-quality peat does not regenerate at the rate
it is being used.
The Finns have solved many of the problems associated
with peat fuels in their attempt to become 40–50% selfsufficient through use of indigenous supplies of peat and
wood (N. G. Miller 1981). They have developed a dewatering process that results in dry pellets of partly
carbonized peat (J. A. Taylor and R. T. Smith 1980). They
suggest that sod peat harvesting is likely to be cost
effective for local areas, and placement of processing
stations on the peatlands reduces cost of transport.
Nevertheless, that country has lost 60% of its former
active peatland since 1950 due to forestry and agriculture
(R. Heikkilä and T. Lindholm 2000).
In addition to its own use of peat, Finland is exporting
pulverized peat to northern Sweden, where use in industry
and municipal heating, power generation, and oil burners
of pulp and paper companies is increasing. The pulp
and paper companies have begun full-scale harvesting
themselves and expect to enlarge this operation
(J. Summerton 1981).
Although, in 1903, a coal miner strike sparked interest
in peat as a fuel in the United States, the cost of processing
has prevented its widespread use (J. W. Thieret 1956b).
Even so, various organizations, including the U. S.
Geological Survey, mapped peat deposits and estimated
the extent of the resource (N. G. Miller 1981). The energy
crisis of the 1970’s fueled a strong interest. In 1975, the
Minnesota Gas Company applied for a long-term lease
on land with an estimated 200,000 acres of peat that the
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company hoped to use to generate methane (P. H. Boffey
1975). Also in 1975, First Colony Farm in North
Carolina began peat harvest for fuel to generate electricity
and to produce methane or synthetic gas (L. J. Carter
1978). Their 372,000 acres is believed to have more
than 400 million tons of peat, enough to fuel a 400
megawatt power plant for 40 years or an 80-million cubic
foot per day gasification plant for nearly 50 years.

Harvesting Peat and Other Mosses
In Ireland, horticulture alone uses nearly one million cubic
meters of light, fibrous, recently decomposed peat.
Another 7–9 million pounds are exported (D. H. S.
Richardson 1981). In the U. S. today, there are about
200 “mossers” (moss growers). Dubbed the “invisible
industry,” 90% of the world’s marketed peat comes from
Wisconsin, primarily from Jackson and Monroe counties
(B. Epstein 1988), despite the fact that about 3% of the
surface of the Earth, almost entirely in the northern
hemisphere, is covered with peat (R. S. Clymo 1987).
When this moss industry began in Wisconsin 150 years
ago, horses and oxen were used to pull the wagons of
moss from wetlands. These animals were replaced by
tractors, trains, heavy wooden boats, and finally wooden
sleds pulled by tractors with army tank-like wooden
treads. The high water content of peat has necessitated
these means—before drying, one bale could weigh 180
kg.
With a harvest of 300,000 bales annually (J. M. Glime
and D. K. Saxena 1991), it is fortunate that at least some
Wisconsin peat harvesters are practicing sustainable
yields, at least for horticultural peat. One method in use
today to encourage peat regeneration is to hand-rake the
peat, load it on a wagon pulled by a tractor with wooden
treads, and then permit the harvested area to recover for
10 years before harvesting that area again. Competing
grasses and sedges must be removed, and shrubs are
eliminated to make harvest easier. In this way, the
remaining Sphagnum regrows by dichotomously
branching heads that fill in the vacated space. The peat
is dried on-site out-of-doors, anchored with old tires to
prevent dried peat from blowing away.
But for fuel peat, “harvest” is usually a misnomer.
Compacted peat desirable for heating will not regenerate
quickly. Finnish peatlands have accumulated at the rate
of 10–40 cm per thousand years, so that repeatable
harvests of deep peat must be discussed in geologic time
scales (H. A. Crum 1988). Even more alarming is the
loss of 87% of Britain’s lowland raised bogs to agriculture
and forestry (Crum).
Moss harvesting has become a concern for bryologists
and ecologists worldwide. D. Knight (1991) bemoaned
the dwindling number of peat bogs and their exploitation
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FIGURE 12. Moss harvesting is a major industry in parts of Wisconsin. a. Raking peat moss with wooden
rakes is labor-intensive; tractor with wooden treads is used to remove peat with the least disturbance. b. Peat is
spread to dry. c. Tires are used to anchor dry peat. d. Peat packaged on site is ready for sale. e. Compact peat
beds (in Maryland) can provide fuel. f. Fungus-infected Sphagnum is a common threat to peatland mossgatherers. Photos by Janice Glime.

for plant propagation in British horticulture. Likewise,
in Ireland, peat used for fuel is taking a serious toll on
the 3 million acres there (K. Drlica 1982). Most of the
moss is harvested without propagating new crops, and

harvesting seems to be particularly heavy in some areas
of the Pacific Northwest in the United States. Sphagnum
is the most commonly harvested moss, and in countries
like Australia, where it is used extensively in horticulture

