Native Fern Propagation from Spores

Fern propagation from spores is an elegant and challenging growing process that involves closely
following and nurturing the ancient life cycle of ferns known as alternation of generation. The cycle
includes two independent and vastly different life forms: the very small and delicate sexual gametophyte
stage and the asexual sporophyte stage, that varies in size from a few inches to several feet in height
depending on the species. There are over 100 fern species that are native to Eastern North America, and
most can be propagated from spores on a small scale or commercially using the protocols contained
herein. Spore propagation ensures genetic diversity of native fern species and provides a high volume of
fern plants for gardens and environmental restoration.

Over a period of 9-18 months (depending on species), many garden ready fern plants can be grown
from spores. The process sequence consists of: spore collection, sifting and sowing; gametophyte culture
and thinning; and sporophyte culture from proto-fronds to mature plants. The process requires semi-sterile
and high humidity conditions for spore germination, gametophyte growth, and early sporophyte growth.
After several sporophyte fronds are produced, plants are hardened to ambient humidity, and sterility is not
required. Successful fern propagation from spores requires periodic and regular attention to monitoring
growth processes and maintaining optimum environmental conditions.

Life Cycle of Ferns
As a family, ferns first appeared on land about 375 million years ago. Ferns were some of the first plants
to venture out on land from their earliest existence entirely in water. After their migration onto land, ferns
retained their dependency on water for sexual reproduction. Flowering plants evolved airborne travel of
pollen in sexual reproduction, but ferns must have a film of water on gametophytes, because fern sperm
must swim to the site of the egg for fertilization to be successful.
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Ferns have two forms during their life cycle: a haploid gametophyte stage, that is the sexual form, and a
diploid sporophyte stage, that is asexual. Meiosis is completed during the sporophyte stage when spores
are created. In longevity and size, the sporophyte stage predominates. The sporophyte forms are the
familiar and visible fern plants in nature. The sporophyte plants have well developed vascular systems.

Gametophytes, in contrast, are usually less than 1/4 inch in diameter and are not easily seen in nature
without careful closeup searching. Gametophytes develop from a germinated spore. Gametophyte tissue is
mostly undifferentiated except for rhizoids, occasional hairs, and the male antheridia and/or female
archegonia. Depending on species, gametophytes may be bisexual, male, female, or neither.
Gametophytes do not have vascular tissue. For most temperate fern species, gametophytes are short
lived.

When a gametophyte has matured, sperm from the antheridia swim to the archegonia, if a water film is
present, and the egg is fertilized. Through several steps, a tiny sporophyte frond develops from the
embryo.

Fertilization in ferns can be completed in three ways:

Intragametophytic selfing—-The sperm and egg on a single bisexual gametophyte unite to form a
homozygote and subsequently a sporophyte that is identical to the parent sporophyte. This type of selfing
is not available to seed plants naturally. Some fern species disallow this route.

Intergametophytic selfing—-The sperm from one gametophyte unites with the egg of another
gametophyte to form a slight heterozygote. Both gametophytes originate from the same sporophyte. This
is analogous to selfing in seed plants.

Intergametophytic crossing—-The sperm from a gametophyte derived from one sporophyte unites with
an egg of a gametophyte derived from a different sporophyte. This is analogous to outcrossing in seed
plants.



Intragrametophytic selfing Intergametophytic selfing Intergametophytic crossing

Some ferns that have chosen xeric habitats (such as desert regions or sunny rock outcrops) are
apogamous. They produce spores and gametophytes that are diploid. Sexual fertilization is bypassed in
response to the absence of moisture needed for sperm transit to the egg. Sporophytes arise from
gametophytes asexually. These ferns sacrifice genetic diversity. Cheilanthes tomentosa and Pellaea
atropurpurea are apogamous ferns in the southeastern US.

The spore propagation procedures outlined below will encourage all three types of fertilization. Because
the procedures provide optimal growth conditions, the probability of spore germination and the growth of
gametophytes and sporophytes is high. Most mature individual fern sporophytes produce and distribute
hundreds of thousands of spores. In the wild, the probability that a spore will germinate and produce a new
sporophyte is very low. The spore must land on a suitable surface, receive appropriate sunlight and
moisture, and avoid disturbance for a lengthy time period.

Spore Propagation Materials

General Cleanliness

The early stages of spore propagation, including spore sowing and gametophyte development, require
semi-sterile conditions. It is important to prevent the growth of fungus in the containers, because fungi will
consume gametophytes. Spor es have a natur al defense agains
spore sowing and the occasional misting and examination of gametophytes, hands should be washed.
Growing containers should be not be placed near food preparation areas.

Distilled or well water is recommended for early propagation processes. Municipal water often contains
chemical additives, such as chlorine in small concentrations, that may inhibit growth.

Propagation Containers
Spores may be germinated and grown to near mat
microwaveable for 2 1/2 minutes on high or in other clear-lidded microwaveable containers. A 98 cell plug
tray with a humidity dome is used for gametophyte thinning and early sporophyte growth. The components
are sterilized in a 10 percent chlorine bleach solution and rinsed. The propagation components can be
reused after cleaning and re-sterilization. Sporophytes are transplanted to 4 inch pots after they are about
3" tall in the plug trays.

Sterile Growing Medium

Fafard Super Fine Germinating Mix, or another fine soilless mix, is recommended as the growing
medium for both the spore germination container and plug trays. The medium must be sterilized in a
microwave oven that has never been used for cooking or an autoclave. Fern gametophytes are highly
vulnerable to fungi, but young sporophytes are resistant. Except for periodic misting, the medium needs no
additional water. It is not necessary to sterilize the medium for plug trays.



Other Materials

Tweezers with a beveled tip...... These are used for transplanting smal
trays.
Distilled or well water...... N o 1/municipal water must be used in preparing the growing medium and
misting.
Spray bottle...... This is used for periodic misting.
Chlorine bleach...... A 10% bleach solution in distilled or wel
containers and plug trays.
Plastic storage container...... P r-gterilize the growing medium before patting it into spore germination
containers.
Metal spoon....... This is used for patting the growing medium
germination container.
Large Manila envelopes...... When coll ecting mature fertile fronds,

spore release. Tape the lower corners of the envelopes to prevent spore leakage.
Inkjet paper...... Clean inkjet pape parationand sowidg a$ describedpelowe s e
A .00025” sieve...... This is optional for spore separation.

Lighting Setup
Two setups for lighting are depicted below. The area of the setup should be permanent for about 5
months and be away from direct sunlight and possible contamination from airborne organic compounds,
such as in a kitchen or eating area. Containers should be kept in bright light for 12 hours and in darkness
or near darkness for 12 hours each day. Temperature should range from 60-80 degrees F. Containers may
be placed by windows that receive no direct sunlight. When artificial light is used, a timer is recommended.

Spore Propagation Procedures

Spore Collection

One fertile frond of most medium size ferns contains many thousands of sporangia and hundreds of
thousands of spores. The fronds must be collected when the sori and sporangia are mature as illustrated
in the photographs below. The time of maturity of fertile fronds varies with species. Collect fertile fronds
with clean hands to prevent contamination from mold causing substances.

When collecting fertile fronds of a particular species, select fronds from at least 3 individual plants.
During propagation processes, this will promote fertilization options and genetic diversity in the reared
plants. Place the collected fronds in a sealed paper envelope and allow the fronds to dry for about one
week. Seal the corners of the envelope with tape to prevent leakage. Drying causes sori indusia to wither
and retract to expose the sporangia. Sporangia dehiscence mechanisms are triggered by drying. In
eusporangiate ferns, sporangia simply split, and spores are dispersed by wind. In leptosporangiate ferns,
the sporangia annulus contracts differentially, causing the sporangia to physically throw spores into the air
and surrounding terrain.

During the collection of spores of multiple species, hands should be washed to remove spores from the
previous collection. With the exception of Osmundaceae and Ophioglossaceae ferns, spores are viable
for many months if kept dry and cool.
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Fertile fronds contain sori, the large structures on the Marginal Wood Fern frond blades below. Sori are
clusters of sporangia that contain spores. These sori are round, but other fern species have linear, hook-
shaped, bead shaped, sausage shaped, or recurved pinna margin sori among others. Across species, the
color of sori generally indicates sporangia and spore maturity. Light green sori are immature. Mature sori
usually are dark gray or blackish around the edges or inside. Fronds must be collected at this stage. The
third photo below shows rusty and fuzzy sori. This indicates that the sporangia have dehisced, and the
spores are gone.

Recurved pinna margin Hook shaped sori: Filamentous round sori:
sori: Northern Maidenhair Southern Lady Fern Broad Beech Fern
Fern

General Spore Collection Times
Early-mid-April: Osmunda regalis, Osmunda cinnamomea, Osmunda claytoniana (mature spores are
green and viable for about 2 weeks)
April-May: Polystichum acrostichoides
May-August: Ferns in the genera Dryopteris, Woodsia, and Asplenium
July-August: Ferns in the Thelypteridaceae, Pteridaceae, and Dennstaedtiaceae families and the genera
Athyrium, Deparia, and Diplazium
September-November: Lygodiaceae and Blechnaceae families, Botrychium species, and Onoclea
sensibilis

Spore Germination Container Preparation
Clean propagation components in a 10 percent solution of chlorine bleach. Mix the growing medium with
distilled water in a sterile plastic storage container to adhesive wetness with a sterile spoon. Place the
medium in the spore germinating container and pat the medium to a uniform and flat 1/2 inch layer.
Microwave or autoclave the spore germination container. Store the sterile containers in a clean area to
cool. Spore sowing should be done within a few days of sterilization.




Spore separation

In preparation for sowing spores, crush the closed envelope vigorously to settle the spores to the bottom of

the envelope. Open the envelope, and with clean hands, pour the contents of the envelope onto a clean
sheet. Remove and discard the fronds.

The spores must be separated from the chaff (sporangia, bits of frond, etc.), because the chaff will
encourage mold. The spores are about .0025 inches in diameter, and the chaff is much larger. To remove
the chaff, hold the sheet horizontally and fold the sheet into an arc, but do not crease the paper. Place the
sheet on its edge over another sheet and pour most of the spores and chaff onto a second clean sheet at
about a 45 degree angle. Tap the edge of the first sheet vertically twice on the second sheet.

A .0025 inch mesh sieve is a more efficient method for separating spores. 99% of chaff will not pass
through the mesh.




The first sheet now will have a film of spores caught in the texture of the paper with no chaff. If the first
sheet is as dark or darker than the sheet pictured below, it should be tapped vertically on a third clean
sheet. The first sheet will then be ready for sowing with thousands of spores still remaining. The third
sheet can be thinned again and used for subsequent sowing in another container.

PR T —

Spore sowing

Open the spore germination container and weight the lid to keep it open. Pick up a spore containing sheet
with both hands and invert it gently over the growing medium. Lightly tap the sheet all over with finger tips.
Most of the spores will fall onto the surface of the medium. Mist the medium, close the container, and
place it in the growing area.

Spore Germination
Place the propagation chamber under lights and set the timer to burn the lights for twelve continuous
hours each day. The spores will germinate in two-four weeks. Lightly mist the entire surface of the chamber
twice a week.

Medium surface with Spore box about eight
~ three week old weeks
gametophytes after spore sowing



Gametophyte Growth

Fern spores are single cells, and in most fern species, the spores are haploid. When a spore
germinates, it divides into two cells. One cell divides further to become the chlorophyll rich heart-shaped
prothallus, and the other divides further to become rhizoids. After about four weeks, the medium will have
a haze of green young gametophytes. Continue misting twice weekly. The gametophytes will grow larger
(1/16-1/4 in diameter) during the second month. Examine the progress with a hand lens or dissecting
scope. Gametophytes are essentially thalloid and one cell thick. When a gametophyte is nearly mature,
two small areas on the convex surface may become meristic and produce a second layer of cells.
Subsequently a hormone called antheridigen is produced. Antheridigen causes the meristic sites to
differentiate into sperm producing organs (antheridia) and/or egg producing organs (archegonia). Individual
gametophytes may have several of each. Depending on species and sometimes also on conditions, three
tvnes of mature aametonhvtes will develon: bisexual. male. and female.

Gametophytes at
eight weeks

Gametophyte Transplanting

After about two months, the crowded gametophytes are transplanted to cells in a plug tray. The plug
tray should be prepared with the same medium used in the spore germinating container. Fresh medium
should be used, but medium sterilization is not necessary. The plug tray consists of a standard
greenhouse tray (with or without holes), a 1/2 inch styrofoam liner, a 98-cell plug insert, and a humidity
dome. The styrofoam liner helps prevent plug insert sagging. All components should be washed and
sterilized in a 10% bleach solution.

Assemble the plug tray without the humidity dome and pour dry medium into the cells. Distribute the
medium uniformly and then use an empty plug insert to press the medium into the cells. Add additional
medium until the cells are full. Soak the medium completely until water drips through into the bottom of the
container. Soaking can be done with a gentle and wide spray from a hose or with a pump sprayer. Use
either well or distilled water. Municipal water often contains chemicals that may retard or prevent growth.
Water that settles in the bottom of the tray can be poured off. Place the humidity dome on the tray until
transplanting begins.




At the time of transplanting, mist the surface of the plugs. Depress a shallow dimple in the center of each
cell with the point of a blunt-end forceps

Using the forceps, gently grasp a small group (approximately 5-10) of gametophytes from the spore
germinating container and transfer the clump to a plug. Lightly press the clump into the dimple with the tip
of the forceps. It is important to transplant gametophytes in groups rather than singly, because some
gametophytes are not bisexual. Also, some fern species disallow intragametophytic fertilization and require
intergametophytic fertilization. When the plug tray is full, mist the surface with several sprays across the
surface.

Cover the plug tray with the humidity dome and place it under light for 12 hours each day. Mist the
gametophytes at 3-4 day intervals. Examine the gametophytes for evidence of sporophyte stalks. The
plants will remain in the plug tray for 3-4 months. Always keep the plug tray covered and the soil moist but
not wet. When misting, make sure that each gametophyte receives a light coating of water.

Sporophyte Growth

The antheridia and archegonia are on the convex sides of the gametophytes. The archegonia are above
the antheridia. A water film must be present on the gametophyte surface to allow the sperm to swim to the
egg. When fertilization is successful, the embryo will divide rapidly to form the first sporophyte frond. The
first frond is very small and does not resemble the fronds of the mature fern. As small fronds appear,
examine them under magnification. Continue to mist the chamber regularly. With clusters of about 10
gametophytes in each cell, there is a probability that several individual sporophyte plants will grow in each
cell. The sporophyte shoots are very different morphologically from the gametophytes. Most obvious early
differences are that the sporophyte fronds have vascular tissue, leaf tissue, root tissue, and supportive
tissue. As the sporophyte grows, each successive frond will display more characteristics of mature
fronds. The sporophytes will remain in the cells for three to four months. Continue misting the plants.
When the ferns are about an inch tall, soak the
solution.

Early sporophyte fronds at
nine weeks




Young sporophytes at five
months

Hardening Off to Ambient Humidity

When fronds reach a height that touches the inside of the humidity dome, the dome is removed and the
young ferns must be hardened to ambient humidity. The uncovered plug trays are placed in a chamber or
area where a step-wise decline in humidity is controlled over approximately two weeks. The hardening off
area can be a film covered mini-hoop frame made with sections of % inch irrigation pipe that is placed in
a lighted area without direct sunlight. The film is lifted, and the plug trays are misted with an increasing
time interval schedule over two weeks. After two weeks the plug trays can be moved to ambient humidity
areas.

Young Sporophyte Care

Plants should remain in plug trays until they reach a height of about 2-4 inches and roots almost fill the
plug soil. Plants can then be transferred to 4 ” pot standadp®t ti ng soi l in
necessary to sterilize the s othelsoiltofmaKe it evénly moist Using the
handle end of a tea spoon, create a depression in the soil about the size of a plug. Using the handle end,
scoop out (starting from the edge) most of t hTeytoc
transfer as much soil with the plants as possible. Push soil around any exposed roots after the transfer.
Spray the pots lightly to settle the soil and transplants.

Place the pots in a cool greenhouse area provided with ~50% shade cloth. Keep the soil moist and mist
on a declining schedule for two weeks. The young ferns will concentrate almost entirely on new root growth
for 2-3 weeks and then produce new fronds. After about a month, the pots can be placed outside in flats in
a dappled light area. Fertilize with a light sprinkling (1/8 teaspoon) of a balanced slow release fertilizer such
as Osmocote.

Ferns may be transferred to appropriate garden sites when the plants are nearly pot-bound. The best
time to transplant is after the last frost and before mid-summer.

Young sporophytes in a

plug tray that are ready

to be trans
pots




Sporophyte ir
months

Sporophyte at nine months
ready for garden planting

Typical Spore Propagation Time Line

~100 percent humidity

Two-four weeks spore germination
Four-eight weeks thin and transplant gametophytes
Eight-twelve weeks fertilization and proto-sporophyte growth

Ambient humidity hardening schedule
Five-six months transplanting to 4" pots
Seven- ten months transplanting to 1/2 gallon pots

Nine-eighteen months garden planting
Spores to garden in nine months
Adiantum pedatum, Athyrium felix-femina, Dennstaedtia punctilobula, Onoclea sensibilis, Diplazium
pycnocarpon, Woodsia obtusa, Deparia acrostichoides, Cystopteris bulbifera
Spores to garden in eleven months
Cheilanthes tomentosa, Cheilanthes lanosa, Pellea atropurpurea, Asplenium spp., Thelypteris spp.,
Phegopteris hexagonoptera, Dryopteris spp.
Spores to garden in eighteen months

Osmunda spp., Woodwardia spp., Polystichum acrostichoides, Matteuccia struthiopteris

Vegetative Propagation Methods

Rhizome Division: During the dormant period, rhizomes can be carefully removed from the soil, cut into
lengths and replanted. When removing a fern rhizome, make sure to leave some soil on the roots. Cut the
rhizome with a sharp, clean knife so that several frond buds and roots are present. Dust the cut ends with
a fungicide. Plant the rhizome pieces at a depth equal to the original depth with all roots covered. Keep the
cuttings moist but not wet.

Frond Tip Propagation: The Walking Fern (Asplenium rhizophyllum) can be propagated by allowing the
extended leaf tips to touch moist soil near the parent plant. The Walking Fern grows only in high calcium
soil.

Tissue Culture: This process produces clones from frond or rhizome pieces grown in enriched agar
under sterile conditions. Growth hormones, formulated for each species, are introduced at different times in
the process. This process allows the propagator to produce a large number of identical (genetically) plants.

Buds: The Bulblet Fern (infrequent in the Southern Appalachians, but common further north) can be
propagated by removing mature buds and planting them in soil.
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