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1.1 Paludiculture

Drainage of wetlands for agriculture and forestry
causes many problems, such as loss of biodiversity,
peat soil degradation and subsidence, increased
greenhouse gas emissions, and catastrophic peat
fires (Wichtmann et al., 2016). In west and central
Europe almost all natural peatlands have more

or less been drained. The water management of
these degraded peatlands requires various — often
complex — technical measures. This is costly and
requires a great deal of fossil energy, which in turn
promotes the atmospheric emission of greenhouse
gasses. Peat soil degradation and subsidence are
typical examples of positive feedbacks.

In order to reverse this ongoing process with its
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associated negative effects, an increase in water
levels is necessary. However, the rewetting of peat-
lands leads to the loss of productive agricultural
land and forests. Therefore, alternative production
opportunities are being sought, for economically
valuable crops grown on wet soils. Thus, the pro-
cess of continuous loss of peatlands can be coun-
teracted, and it may even lead to renewed peat
accumulation. Such wet agriculture and forestry is
known as paludiculture. According to Wichtmann
et al. (2016), “Paludiculture is the agricultural and
silvicultural use of wet and rewetted peatlands. Pa-
ludiculture uses spontaneously grown or cultivated
biomass from wet peatlands under conditions in
which the peat is conserved or even newly formed.”

1.2 Typha as a paludiculture crop

The highly productive species of the Typha genus
belong to the promising plants for paludiculture,
in particular T. latifolia and T. angustifolia. Such
“paludiculture plants” are wetland plants that
produce useful biomass in sufficient quantity and
simultaneously contribute to preserving the peat.
During harvest, the below-ground biomass general-
ly remains untouched to avoid disturbing the peat
body (Wichtmann et al., 2016). The above-ground
biomass of the Typha species can be used as
building material for insulation, for energy genera-
tion, and for wastewater treatment in constructed
wetlands. Moreover, many parts of the plants are
edible (young shoots, base of stem, flower stalks,
pollen, and rhizomes), and Typha rootstocks and
stems offer food for geese and muskrats, whereas
Typha marshes provide shelter and nesting cover
for several bird species (Stevens and Hoag, 2003).
T. latifolia’s tolerance to heavy metals makes it
desirable in reclamation or revegetation efforts
(Gucker, 2008a). The use of the Typha species

by native Americans and early European settlers
may inspire a modern, contemporary use of these
species. Gucker (2008a) mentions matting and
making dolls, baskets and shelters as examples

of past use. Seed fluff was used as soundproofing
material, insulation material, stuffing material for
pillows, mattresses, diapers, and lifejackets, and
as tinder for fire starting. Leaves were woven into
bedding, kneeling mats, capes, hats, blankets, and
bags Medically,

Typha was most commonly used as wound dress-
ing. For example, rhizomes were ground into a
salve for wounds and used to stop bleeding, and
rhizomes were also used to make tea to treat stom-
ach cramps. Fluff from broadleaf cattail seeds was
used to make burn dressings. Morton (1975) gives

a comprehensive overview of the former use of
Typha species and suggests that “[t]heir stems and
leaves might well be more extensively fashioned
into floor coverings and other woven products, and
the leaves, suitably processed, might relieve the
growing shortage of papermaking substances.” In
conclusion, Typha species are promising as crops in
paludiculture.

1.3 Aim of the study

Several attempts have been made to breed Typha
by planting the species (Dubbe et al., 1988; Heinz,
2012; Stevens and Hoag, 2003; Christian Fritz,
pers. comm.). However, planting Typha is expen-
sive, with costs ranging from €2,500 - €4,500 per
hectare (Sabine Wichmann, pers. comm.). Sowing
may be a cheaper alternative, leading to higher
profits of Typha cultivation by paludiculture. The
seeds of the Typha species are relatively simple

to collect in nature, and sowing costs less time
than planting young plants, which must also be
grown first. After germination, the seedlings rapidly
develop into productive clones. However, so far
there has been little experience with sowing in

the context of cultivation (Georgiev et al., 2013,
2014). According to Dubbe et al. (1988), sowing in
the open as an establishment method has obvious
advantages, but there are also some problems in-
volved, which are associated with a lack of reliabil-
ity due to highly variable germination and seedling
survival rates. They attribute this high variability
to the sensitivity of cattail seed germination and
development as well as to certain environmental
factors. Hence, knowledge of these factors and
the way they affect the germination of Typha seeds
and their development as seedlings is essential for
establishing cattail as an agricultural crop in the
future (Miiller-Samann et al., 2003). Subsequent-
ly, this knowledge must be converted to practical
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Figure 1: Schematic life
cycle of Typha (Heinz,

2012).

Figure 2: Conceptual model
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2.1 Short introduction to the
species

2.1.1 Taxonomy
Typha is a genus belonging to the subphylum An-
giosperms, class Monocotyledonae, order Typhales
and family Typhaceae. Species belonging to the
genus include Typha angustifolia L., T. domingensis
Pers. (Synonym: T. angustata Bory and Chaub), T.
elephantina Roxb., T. latifolia L., T. minima Funck ex
Hoppe, and T. orientalis C.Presl.

2.1.2 Distribution
Typha species are widespread in the temperate to
tropical zone, although they are naturally absent
from Madagascar, Malaysia, and the warm Ameri-
cas (Watson and Dallwitz, 1992 onwards).

T. latifolia is a cosmopolitan species, with its native
range encompassing large regions on all conti-
nents, except Antarctica, the major part of Africa
and Oceania (Clements, 2010). It is recorded as
having been established as a non-native species in
six countries (Australia, Indonesia, Malaysia, New

Zealand, Papua New Guinea, and the Philippines).
The species is also increasingly seen as taking on
invasive characteristics in some countries where

it is native (Shih and Finkelstein, 2008; Olson and
Freeland, 2009).

T. angustifolia occurs in at least 56 countries
throughout the temperate northern hemisphere
(Murphy, 2007). It has been suggested that T. an-
gustifolia was first introduced into Atlantic Coastal
North America from Europe and then migrated
westward (Stuckey and Salamon, 1987).

Furthermore, the hybrid product of T. latifolia and
T. angustifolia, T. x glauca tends to be more invasive
than T. latifolia (Olson and Freeland, 2009).

2.1.3 Morphology
According to Heinz (2012), “Typha latifolia and
T. angustifolia [Figures 3 and 4] largely share the
same morphology. Both are erect, rhizomatous
perennial species (Stace, 1997). Shoots are formed
by long linear leaves sheathing at the base. In June
and July, erect culms with terminal inflorescences
are developed. Flowering shoots achieve heights
of 2.5 m to over 3 m. The flowers are unisexual,
the pistillate spike is borne below the staminate
spike (Grace and Harrison, 1986).” The flowers are
densely packed, and individual flowers can barely
be identified. The stems are connected by creeping
rhizomes (Figure 5). Dispersal occurs by numer-
ous aerial and floating seeds and stolons. Shoots
and rhizomes have a well-developed aerenchyma,
providing underground organs with oxygen (Grime
et al. 1988).

Clements (2010), Gucker (2008a), Murphy (2007)
and Snyder (1993) described the morphology of
both species in more detail:

« Narrowleaf cattail (T. angustifolia) is an aquatic,

emergent plant; a slender, erect, rhizomatous
perennial growing to 3 m tall, but usually 1-2 m
tall. It has branched creeping rhizomes, 2-4 cm
in diameter, commonly 70 cm or even longer,
with dense fibrous root masses occurring at
the base of stems and at rhizomes. Stems are
unbranched and round with long (60-150 cm)
linear leaves, which are 3-12 mm wide and deep
green. Leaves are strongly planoconvex, num-
bering <10 per stem, sheathing at the base, and
commonly overtopping the inflorescence. The
inflorescence is a thin, dense crowded cylindri-
cal spike of male flowers (brown to yellowish)
above a similar spike of female flowers (reddish
to dark brown), with a gap of approximate-

ly 10 mm between the two. The fruits are
cigar-shaped and 5-15 cm long. Fruits contain
soft, downy seeds (Murphy (2007; Snyder,
1993). According to Dickerman and Wetzel
(1985), T. latifolia is a highly productive species,
whose productivity varies from 430 to 2,250 g
dry matter per m2/yr

Broadleaf cattail (T. latifolia) plants are normal-
ly 1-3 m tall, reed-like, and extensively clonal.
Broadleaf cattail stems are stout, cylindrical,
and unbranched. Flowering stem length is
typically equal to or somewhat longer than

leaf length. Leaves are thick, linear, flat, with

a sheath at the base, extending to flowering
spikes, and measure 5 to 29 mm wide (Guck-
er, 2008a; Clements, 2010). T. latifolia can be
highly productive. “Numerous tiny, unisexual
flowers include a pistillate portion below the
staminate portion, forming a continuous spike
which is 1.8-5 cm thick. Spike goes from green
to brown as ripening occurs. Male spikes

(the upper, narrower half) and female spikes
(the lower half) are rarely separated. A small
space of less than 1.5 cm may occur. Spikes

are typically 6 times as long as they are thick
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Figure 3 Typha latifolia
(Kops, J. and Van der
Trappen, J.E., 1849,
Flora Batava, Part 10 (in
https:/wilde-planten.nl/
grotelisdodde.htm).
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Figure &4 Typha angus-
tifolia (Kops, J., 1822.
Flora Batava, Part 4 (in
https:/wilde-planten.nl/
kleinelisdodde.htm).
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(11-30 cm). Its rhizomes are being described as
tough, stout, coarse, and grow horizontally just
below the soil surface. They are as long as 70
cm and 0.5-3 cm in diameter.” (Gucker, 2008a).
Yeo (1968) measured the length of the spikes,
which averaged 7 inches (approx. 18 cm).

Figure 5: Horizontal pro-
jection of the rhizome
system of Typha latifolia
in mature stands: 1-3:
living shoots, 1: sterile
shoots, 2: fertile shoots,
3: hibernating buds, 4:
remnants of old dead
shoots, 5: rhizomes
(Fiala, 1971).
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Grace and Wetzel (1981a) described the differences
between the species as follows: “Typha latifolia
differed from T. angustifolia in having shorter leaf
height, wider leaves, greater leaf surface area,
greater allocation to leaves, greater number of
smaller rhizomes, greater allocation to vegetative
reproduction, smaller allocation to sexual repro-
duction, and fewer number of flowering plants. For
both species, those plants growing in deeper water
had taller leaves, a greater allocation to leaves, and
a decreased allocation to sexual and vegetative
reproduction.”

Both species are characteristic of a wide variety of
wetland habitats. T. angustifolia occurs in natural
freshwater and wetland systems (lakes, rivers,
ponds, topogenous and soligenous mires, fens, and
other marsh systems). It also grows in anthropo-
genic wet habitats such as drainage and irrigation
channels, associated reservoir and pond systems,
and navigation canals (Murphy, 2007). Because

of its clonal growth pattern and high competitive
ability, it tends to form monodominant stands

in suitable habitats for growth. T. latifolia grows

in marshes, wet meadows, lakeshores, roadside
ditches, seacoast estuaries, pond margins, bogs or
fens as well as rice paddies (Grace and Harrison,
1986; Clements, 2010). T. latifolia tends to be re-
placed by T. angustifolia in waters more than 15 cm
deep (Figure 6) (Grace and Wetzel, 1982; see also
Murphy, 2007 and Snyder, 1993). Under normal
conditions, neither species survives in water deeper
than 60-100 cm (Grace and Wetzel, 1982). This is in
contrast to findings by Weeda et al. (1996), who re-
port that plant communities of T. angustifolia occur
in open waters between 0.5 and 1.5 m deep, and
sometimes even deeper. Furthermore, Clements
(2010) mentioned that T. latifolia may also occupy
somewhat drier sites, such as along the edge of

marshy woodlands or among woody shrubs (Grace
and Wetzel, 1981b). The only agricultural habitat
where T. latifolia regularly occurs is in rice paddies
(Mitich, 2000). The plants prefer a soil pH of >5.5,
and are absent in more acidic soils. However, T.
latifolia can tolerate acidity (Weeda et al., 1994).
Moreover, both T. latifolia and T. angustifolia are
characteristic of eutrophic sites, although T. an-
gustifolia can also occur in mesotrophic conditions
(Oberdorfer, 1983; Weeda et al., 1994). However,
Lieffers (1983) found Typha latifolia not only in nu-
trient-poor sites, namely on floating organic mats
in oxbow lakes in the boreal forest zone of Alberta,
Canada, but also in more nutrient-rich sites on
grounded substrates. He measured peak above-
ground biomass ranging from 456 to 848 g/m?,
dependent on the successional and nutrient status
of the oxbow lake. T. latifolia had larger stems and
greater biomass after sites had returned to an ear-
lier stage of succession due to flooding.

In northwest and central Europe, T. latifolia and T.
angustifolia are part of species-poor plant com-
munities, which belong to the class Phragmitetea,
alliance Phragmition (Oberdorfer, 1983). In Ger-
many, T. latifolia is considered the characteristic
species (kentaxon) of the association Typhetum lat-
ifoliae (Oberdorfer, 1983) and T. angustifolia as the
characteristic species of the Typhetum angustifoliae
(Oberdorfer, 1983). In the Netherlands, communi-
ties of T. angustifolia are classified as Typho-Phrag-
mitetum, subassociation typhetosum angustifoliae,
whereas species-poor vegetation types of T.
latifolia are considered as belonging to a poorly-de-
veloped frame community (Weeda et al., 1996).
Communities occupied by T. latifolia range from
early to late successional stages. Although in many
wetlands it is a dominant species that forms high
densities, in other wetlands it may occur as scat-
tered individuals or clumps (Clements, 2010). Plant

2 RESULTS

Z 4 1 T 1 T T T

O 7> 80 ol latifolia -
n =S AT angustifolia
Z g._] ; - Lane®
<z >
£8°
208 “or
< o
= Q< L

£

o

» 3 o+ { i { } -+
A 1600 1
c %
= =
<z%
50 ..
65+
&3 o 800
-nob
205
2 oo
< °
Z o

-20 20 60 100
WATER DEPTH, cm

communities of T. angustifolia belong to the early
successional stages of terrestrialisation of open
waters, primarily at sites with a thick sapropelium
layer (Weeda et al.,1996). Different from T. latifolia,
T. angustifolia is capable of building a floating mat,
thanks to its relatively short, stout and longer-lived
stolons (Grace and Harrison, 1986). Such floating
mats belong to the first stages of succession from
open water to reed lands, or from open water to
floating sedge communities (quacking mires). The
accumulation of above-ground biomass depends
on the length of the growing season, precipitation,
cumulative degree days, and cumulative pan evap-
oration (Holm et al., 1997).

Figure 6: Potential and
realised distributions of
Typha species along a
gradient of water depth.
Points connected by a
broken line in the upper
figure represent values
adjusted for density for
T. angustifolia. Error bars
represent 95% confi-
dence intervals (Grace
and Wetzel, 1981c).
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Figure 7: Typha angus-
tifolia, with the male
flower (m) as the upper
part of the inflorescence
and the female or pis-
tillate flower (vr) as the
lower part.

A = male flower;

B= part of the female
flower whorl with three
fertile flowers (a =
ovary; b = stigma; c =
pistillodium; d = infertile
flowers); C = fertile
flower with pistillodium
and a bunch of bristle or
gynophore hairs;

D = fruit or achene on a
stipe (magnification x30)
(Oudemans, 1862).
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2.2  Fruits and seeds

2.2.1 Inflorescence and flower and
fruit anatomy

The inflorescence of Typha species consists of a
single, cylindrical spike with two flower whorls
(Figure 7), the upper one with the male flowers (the
staminate part) and the lower one with the female
flowers (the pistillate portion). The inflorescenc-
es of Typha are wind-pollinated and bear copious
pollen. T. latifolia forms 280 to 420 million pollen
grains per inflorescence. Pollen is wind-borne, but
the plants still have a high degree of self-pollina-
tion. Pollen has been shown to remain viable for at
least 4 weeks, but it is sensitive to high humidity
and temperature extremes (Mitich, 2000).

Both fertile and sterile flowers occur on the spike
(Figure 7). The mature fertile flower consists of a
persistent style and stigma (Figure 8), a seed sur-
rounded by a thin pericarp (Figure g), and a stipe
with numerous bristle hairs at the base (Figure 10;
Yeo, 1964). The pistillodes (rudimentary pistils; Fig-
ure 7) are distributed throughout the inflorescence.
They regulate the release of fruits (Grace and
Harrison, 1986; Figure 11). The fruits are equipped
with numerous gynophore hairs (Figures 7, 10, 11,
and 12; Grace and Harrison, 1986).

Yeo (1964) described the fertilisation and the
subsequent changes of the inflorescence precise-
ly: “Just prior to pollination the pistillate flowers
become fully developed. The style elongates and
supports a salver-shaped stigma. Bristle hairs at
the base of the ovary elongate too, but remain
appressed to the floret. Pollination occurred over
a 2- to 3-week period. The ovary swells after
fertilisation. The apex of the stigma turns brown,
changing the overall colour of the spike. Next, the
stipe at the base of the ovary elongates and holds
the ovary away from the rachis. As a consequence

of the elongation of the stipe the maturing pistillate
portion of the inflorescence thickens.”

Typha seeds are small, from ca. 1 mm (Grace,

1984) up to 1.4 mm in size (Grime et al., 1988).

The diaspores are light-weight, single-seeded dry
fruits with basal hairs (Grace and Harrison, 1986;
Grime et al., 1988). Figure 12 depicts the fruits and
seeds of T. latifolia and T. angustifolia (Cappers et
al., 2006). According to Grace (1985) and Grace and
Harrison (1986), the seeds of all Typha taxa are very
small, with those of T. latifolia (1.5 mm in length)
slightly larger than those of T. angustifolia (1.0 mm).
Extensive studies by Marsh (1962) showed seed
lengths of 0.962-1.776 mm for T. latifolia and 0.718-
1.358 mm for T. angustifolia.

Both Typha species produce single-seeded, nutlike
achenes, with long slender hairs at the base which
allow for wind and water transport of the dehiscent
seeds (seeds which do not open at maturity; Pojar
and MacKinnon, 1994).

Pollen tube

Anther —=
Stamen{‘ifarmant —

Ovule

2 RESULTS

—Pistil

Figure 8: The anatomy of
a flower (Parts of Flow-
ers — Flower Anatomy
101, n.d.).
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Figure 9: The anatomy
of a fruit (walnut). The
pericarp is the ripened
ovary wall (Lesson 11
Fruit morphology Flash-
cards, n.d.).

Figure 11: Bursted
inflorescences of

Typha latifolia. Picture
taken by the author at
Haaksbergerveen (The
Netherlands), 16 March
2017.
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gynophore

— endocarp

— mesocarp - pericarp

exocarp

stipitate gynoecium

Figure 10: The anatomy
of a flower with respect
to fruit development. A
gynophore is the stalk

of certain flowers which
supports the gynoecium
(the ovule-producing part
of a flower), elevating it
above the branching points
of other floral parts
(https:/en.wikipedia.org/
wiki/Gynophore, 2019, 21
May).

2.2.2 Seed numbers
The seeds weigh 10-13 mg (Mitich, 2000). Accord-
ing to Murphy (2007), T. angustifolia produces very
large numbers of small pendulous seeds, with a
straight, narrow embryo, whereas T. latifolia may
produce over 1000 flowers on one plant (Clements,
2010). Stewart et al. (1997) stated that both T.
domingensis and T. latifolia produce tens of thou-
sands of seeds. More than 50% of the pollinated
flowers set seeds (Yeo 1964). Grace and Harrison
(1986), Prunster (1941), Marsh (1962) and Yeo
(1964) reported that the Typha species produce
small single-seeded fruits in great numbers, with
estimates for a single inflorescence ranging from
20,000 to 700,000. Yeo (1964) mentioned a pro-
duction of 117,000 to 268,000 (average 222,000)
per cattail spike, Dubbe et al. (1988) reported
200,000 seeds, while Heinz (2012) reported that
in each flower spike more than 100,000 diaspores
mature. Furthermore, Dubbe et al. (1988) calcu-
lated that 0.4 ha - with a density of 5o plants per
square meter - can be established by the seeds
of a single cattail inflorescence, assuming 100%
germination.

2.2.3 Seed viability and seed bank
In the pilot study of Stewart et al. (1997), 100%
germination occurred under selected conditions for
T. domingensis, which points to full viability of the
seeds of this Typha species.
Van der Valk and Davis (1976) examined the seed
banks of shallow, glacial prairie marshes in north
central lowa. They defined a seed bank as “ the
amount of viable seed present in the substrate at
any given time”. With its presence of 69%, Typha
glauca was among the seven species that had a
presence of 40% or higher in the 16 seed banks
that they investigated. Typha glauca was also an
abundant species in the seed bank: it accounted for
16% of the total number of individuals of all species

in the seed banks.Van der Valk and Davis (1976). In
addition, they concluded that “the type of vege-
tation present at any time is primarily a function

of water level, while its floristic composition is a
function of the makeup of the seed bank.” This
stresses the importance of the species composition
of the seed bank and the numbers of the seeds of
the individual species present.

Typha species can build up a seed bank with high
seed densities. In wetland substrates, which are
characterised by high seed densities (Keddy and
Reznicek, 1986), they may make up a large portion
of the seed bank; for example, Leck and Graveline
(1979) reported 25%. Typha seeds may remain
dormant for long periods (Van der Valk and Davis,
1976; Keddy and Reznicek, 1986). After prolonged
high water periods, dense Typha vegetation and the
wooded areas on lake shores die off. Consequently,
open gaps are created, allowing many vegetation
types and plant species, such as Typha species,

to regenerate from buried seeds during low water
periods (Keddy and Reznicek, 1986). According to
Bakker et al. (1996), T. latifolia - with its average of
9,510 seeds per m? - belongs to the 15 species with
the highest average seed densities. As most of the
other species with such seed densities, T. latifolia
has small or very small seeds (Bakker et al., 1996).
The longevity of seeds is one of the important
factors which determines the species composition
of a seed bank. The question is whether the seeds
of Typha species have a short or a long viability.
Literature shows that Typha latifolia seeds have a
short to a very long lifespan.

Leck and Simpson (1987) and Tu et al. (1980)
showed that dense T. latifolia seedlings often
emerged from sites where broadleaf cattail was
abundant. According to Poschlod and Jackel (1993),
Typha species have a transient (<1 year) or short-
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Typha angustifolia Typha angustifolia Typha angustifolia
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Figure 12: Seeds and
fruits of Typha angus-
tifolia, T. latifolia and :
T. minima (Cappers et l
al., 2006). -
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lived (1-2 years) seed bank, which they have in
common with other helophytes, such as Phaiaris
arundinacea and Phragmites australis.

Comes et al. (1978) showed that a small percentage
of T. latifolia seeds collected in the field germi-
nated after being stored in water for 60 months.
Therefore, it has at least a short-lived seed bank,
i.e. seeds with a viability of 1-5 years (Bekker et al.,
1998). This is confirmed by Grace (1984), who as-
sumed, based on Crocker (1938), Bedish (1967) and
Van der Valk and Davis (1976), that Typha seeds
can remain viable in the seed bank for long periods
when conditions are not suitable for germination.
Crocker (1938; in Bedish 1964) found that T. latifolia
seeds stored air-dry at room temperature gave 78%
germination after 4.5 years, 96% after 5.5 years,
and no germination after 12.5 years. Bedish (1964)
placed fresh and one-year-old Typha seeds in water
ranging in temperature from 15 to 30°C. The result
was that the viability of Typha had decreased by
more than 50% after one year of dry storage at
room temperature (Figure 13). A t-test showed this
to be significant at a 99% confidence level.
However, several investigations in the USA have
suggested long-term persistence or long-distance
dispersal. Wienhold and Van der Valk (1989) found
T. angustifolia in wetland seed banks that had been
drained for more than 70 years. Still, according to
Stark et al. (2006), the number of soil plots from
which the species emerged appeared to be low in
late-successional forests in south-central British
Columbia, where T. latifolia was not part of the
existing vegetation and suitable habitats have

long been lacking. Comparable results were found
by Strickler and Edgerton (1976) in soil collected
from 130- to 175-year-old mixed-conifer forests in
eastern Oregon’s Blue Mountains, where T. latifolia
was absent, both in the study plots and in adjacent
areas, although it emerged from the litter or top
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soil in low numbers. There were similar findings in
soil collected from mature Douglas fir and fir (Abies
spp.) forests with an average age of 88 years or
more in central Idaho (Kramer and Johnson, 1987).
Nevertheless, other studies have shown that dense
T. latifolia seedlings often emerge from sites where
broadleaf cattail was prevalent (Leck and Simpson,
1987; Tu et al., 1998). On the basis of their own
experiments and those by Van der Valk and Davis
(1976), Bonnewell et al. (1983) argued that a certain
percentage of Typha seeds can survive long periods
of imbibition under natural conditions, since seeds
from depths of 30-35 cm in marsh soil are still
viable.

Jansen (2000) postulated that the differences

in longevity of the soil seed bank of the investi-
gated plant communities of wet heathlands and
fen meadows in the Netherlands are related to
successional stages. As already indicated by Bekker
et al. (1998) and Strykstra et al. (1998), species
which form more persistent seed bank types
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are more common in the soil seed bank of plant
communities of pioneer and early successional
stages than in those of plant communities of later
successional stages. Thomson and Grime (1979),
Fenner (1987) and Bernhardt (1993) also argued
that pioneer species of secondary succession
stages are characterised by a persistent soil seed
bank. According to Leck and Graveline (1979), the
seed bank profile of freshwater tidal marsh soils is
characterised by seeds of species with a prolonged
viability and/or prolonged dormancy. Bakker et al.
(1996) mentioned T. angustifolia as an example of
a species that can disperse over long distances
(see below), and that can build large persistent
seed banks. Both long-distance dispersal as well
as persistent seed banks are traits of species that
have adapted to rare environments, which may
only provide a short-term opportunity for germi-
nation and establishment (Bakker et al., 1986).
Such species only germinate on lake bottoms on
the rare occasions that these are dry (Ter Heerdt
and Drost, 1994). These findings are in accordance
with Snyder (1993), who reported that in the field,
T. angustifolia seeds usually germinate following
exposure of mudflats. Nevertheless, Typha species
produce massive numbers of seeds that are very
easily spread by wind and are thus capable of rap-
idly colonising new, appropriate sites (Bernhardt et
al., 2003).

Cattails reproduce by seed and rhizomes. Their
primary means of colonising is by seed, and once
established, colonies are maintained by vegetative
reproduction via rhizome growth and fragmenta-
tion (Grace and Wetzel, 1981c). Vegetative repro-
duction provides a mechanism for short-distance
dispersal (Grace and Wetzel, 1981a).

Yeo (1964) and Grace and Harrison (1986) de-
scribed the burst of the female inflorescence and

the subsequent release of the fruits. In humid con-
ditions, the pistillodes are swollen and the integrity
of the spike is maintained. When conditions are
dry, however, the pistillodes shrivel and permit the
inflorescence to burst (Grace and Harrison, 1986).
Yeo (1964) stated that the drying of the bristle hairs
determines the spike burst: “The bristle hairs are
appressed to the flowers during the development
of the achenes. When the bristle hairs dry and tend
to spread, the achenes are being held in place until
late maturity. Then, the stipes break free of the
pedicels, the stem that attaches a single flower to
the inflorescence. Due to the tension formed by the
simultaneous spreading of millions of bristle hairs
the spike bursts.”

Typha species are anemochoreous, i.e. they are
dispersed by wind. By anemochory, seeds are easily
transportable over long distances (Lombardi et
al., 1997; Grace, 1984; Grace and Harrison, 1986;
Pojar and MacKinnon,1994; Sculthorpe 1967), and
the numerous hairs facilitate wind dispersal of the
small and light fruits (Grace, 1984; Grace and Har-
rison, 1986; Yeo, 1964; Heinz, 2012). Dispersal by
wind occurs from October to January (Coops and
Van der Velde 1995), and the plumed seeds may
have a potential wind-dispersal range of 3,600 m
(Soons and Ozinga, 2005).

According to Sculthorpe (1967), the seeds of nearly
all aquatic and marsh plants float or are wind-dis-
persed, including Typha species. The long slender
hairs at the base allow not only for wind trans-
port but also for water transport of the T. latifolia
seeds (Grace, 1984; Grace and Harrison, 1986;
Hickman, 1993; Pojar and MacKinnon, 1994; Yeo,
1964). When wet, many of the fruits fall close to the
parent plant. The numerous hairs allow the fruits
to float on water (Pojar and MacKinnon, 1994).
Once the fruits come into contact with water, the

pericarp (Figure 9) opens rapidly and the seed is
released and sinks with the pointed, posterior part
downward (Grace and Harrison, 1986). Hickman
(1993) reported that the dehiscent achenes split or
burst when they come into contact with water. Yeo
(1964) described the succession of both dispersal
mechanism as follows: “The bristle hairs form
parachutes and carry the fruits away in the wind or
they fall to the ground in dense mats and remain
there to germinate at a later date or are carried
away by spring floods or wind.” Next, when a Typha
fruit comes into contact with the water, the seed is
liberated and sinks rapidly (Krattinger, 1975). Fur-
thermore, the small seeds are easily buried during
sedimentation and mixing of the sediments.

In addition, Pojar and MacKinnon, (1994) found that
T. latifolia seeds are also transported by substrate
movement. Seeds may be readily transported by
birds and livestock through their presence in mud
in areas where T. latifolia grows (State of Queens-
land, Department of Agriculture and Fisheries,
2020), and disturbance by animals — creating

bare mudflats - may also play a role (Hewitt and
Miyanishi, 1997). Finally, Krattinger ( 1975) reported
dispersal by fish: the pointed seeds can become
embedded in fish skin, resulting in further trans-
port. However, in all likelihood, this will happen only
rarely.

Due to a high production of small, wind-dispersed
diaspores, new habitats can easily be reached

by Typha species (Heinz, 2012). Van der Valk and
Davis (1976) found that seeds of Typha glauca were
capable of dispersing to all zones in a marsh. This
also suggests that Typha species hardly have any
dispersal problems.

2.3 The germination of the Typha
species

The actual mechanics of cattail seed germination
are described by Kerner von Marilaun (1895, as
cited in Bedish, 1964): “The germination of the
Reed-mace (Typha) is quite peculiar. The small
fruits which are blown off the spike, fall on to the
surface of the water and remain floating for some
days. Then the pericarp opens and the seed sinks
slowly down into the water. The husk of the seed is
pointed at one end, and at the other is closed by an
extremely pretty trapdoor. While sinking through
the water the pointed end is turned downwards,
and the covered end upwards. At the bottom the
seed lies in the position indicated and germination
commences. The cotyledon® grows in length, push-
es open the trapdoor, and makes its appearance

at the mouth of the seed coat. It now describes

an arch and the end, in which are concealed the
hypocotyl? and the bud, reaches the mud. Scarcely
has it done so, however, when its epidermal cells
elongate and form long tubular structures which
penetrate into the slime, and the free end of the
cotyledon is thus firmly fixed. Later on rootlets
make their appearance, which, proceeding from the
hypocotyl, break through the unresisting cotyledon.
Meanwhile the reserve food has been sucked up

by the apex of the cotyledon which remained in the
seed; this apex is now drawn out of the seed-coat,
the cotyledon straightens itself, turns green, and
functions as a foliage-leaf.”

1 Cotyledon is defined by the Oxford English Dictionary as “[t]he
primary leaf in the embryo of the higher plants (Phanerogams);
the seed-leaf. Cotyledons are formed during embryogenesis,
along with the root and shoot meristems, and are therefore
present in the seed prior to germination.”

2 Hypocotyl is the embryonic stem.
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Figure 14: Epigeal and
hypogeal germination
(Cotyledons, 2004,
April 18).
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The germination of Typha is a typical example of
epigeal development (Figure 14), i.e. expanding on
the germination of the seed, throwing off the seed
shell, the cotyledon(s) rising above the ground, and
becoming photosynthetic (Cotyledons, 2004, April
18; Mayer and Poljakov-Mayber, 1989). This type
of germination is characteristic of small-seeded
species that provide the seedling with only few
resources, such as the Typha species. Therefore,
the seedlings need to elongate rapidly and start
photosynthesis to support further development
(Heinz, 2012).

According to Gucker (2008a), T. latifolia seedlings
are extremely small when compared to seedlings of
associated vegetation. After germination, T. latifolia
produces 2-4 small leaves or 2-6 floating leaves be-
fore producing erect leaves. Flooding and sediment
can affect seedling survival and growth. Bernhardt
et al., (2003), Lang et al. (2014) and Sharma and

Gopal (1978) also reported the development of
longer, floating leaves by T. latifolia seedlings when
flooded, which are in contrast to the stout and
erect leaves of the adult plants (Figures 15 and 16).

2.3.2 The speed of germination
Typha species, such as T. latifolia and T. domin-
gensis, are characterised by a rapid germination
(Stewart et al., 1997; McNaughton, 1966; Clem-
ents, 2010). Stewart et al. (1997) reported a start
of germination within three days with a peak on
the seventh day, reaching a germination rate of
22-40% in seven days, for both T. domingensis and
T. latifolia. McNaughton (1966) studied possible
differences between T. latifolia and T. angustifolia
populations from different habitats in the USA.
He revealed that the T. angustifolia population of
North Dakota reached 50% germination after three
days (regardless of previous treatment), whereas T.
latifolia seed from Texas, Nebraska, and two North

Epigeal
germination

Hypogeal
germination

4 Plumule

Seed Radicle hairs

Hypocotyl
Soil \

TPEND A

\ Epicotyl

<4— Root
hairs

Dakota sites also reached 50% germination after 3
days at 24°C. Ekstam and Forseby (1999) report-
ed more than 50% germination within 1-3 days at
favourable temperatures (see also section 3.4.5).

Heinz (2012) investigated whether the origin of T.
latifolia seeds influenced germination characteris-
tics. In this study, seeds were collected at 15 loca-
tions throughout Europe. It emerged that almost
all populations germinated faster in the regimes
with the highest night and daylight temperatures
(Figure 17).

Heinz (2012) also found a correlation between
seed mass and germination percentage (at 5/15°C,
night and daylight temperature, respectively) and
germination time, indicating a positive effect of
seed mass on germination speed. However, in her
experiments seed mass was primarily correlated
to germination speed and germination percentage

0.5 ¢m

Figure 16: Broad-leafed
cattails (Typha latifolia L.)
after six days under water at
26 (daylight)/18 (night) °C
(Lang et al., 2014).
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Figure 15: Stages of
seed germination and
seedling growthin T
domingensis (Sharma
and Gopal, 1978). For a
description of the sev-
eral stages, see section
2.3.1.
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Figure 17: The onset
of germination of 15
European populations
of T latifoliain differ-
ent night and daylight
regimes (Heinz, 2012).

Figure 18: Mean per-
centage of germination
of T. latifolia seeds at
20°Cand 30°C after
30-360 days of ripening.
No germination was
observed at 10°C. Dif-
ferent letters within the
same day of culture and
temperature indicate
significant differences
at the 0.05 probability
level among days after
ripening (Lombardi et al.,
1997).
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at inadequately low temperatures. Hence, it seems
obvious that under such adverse conditions only
the seeds with the most reserves germinate.

Lombardi et al. (1997) found no significant changes
in the germination rate and/or capacity during the
first year, with the exception of the 20°C trials, in
which a germination peak was observed on the
tenth day of culture, corresponding with the month
of May (205 days of after-ripening; Figure 18).

This peak disappeared in the trial at 360 days of
after-ripening (Figure 18). Lombardi et al. (1997)
explained their observations by the season (in
spring) during which T. latifolia seeds germinate:
“Then, water bodies still have adequate water lev-
els, external temperatures are very mild and hours
of daylight are increasing. In such conditions, an
endogenous biorhythm could favour seed germina-
tion even under non-optimal thermos period condi-
tions (constant 20°C) inasmuch as the photoperiod
is markedly favourable (12 h/12 h).” Their results
are in agreement with those of Beule (1979), who
found that collection time of T. latifolia seeds af-
fected their germination. Less than 1% of the seeds
collected in November germinated in light and dis-
tilled water, in contrast to seeds collected in May,
of which go% germinated. In the field, T. angustifo-
lia seeds germinate from May to September (Beule,
1979), usually following exposure of mudflats.

These results are in agreement with Yeo (1964),
who planted a seed with ruptured seed coat on
April 1 under cultured conditions. He did so in the
centre of a metal stock-watering tank with a six-
foot diameter, in which “four inches of old manure
and loam soils were placed in the bottom of the
container and covered with 2 inches of sand. The
container was filled with water”. The experiment
showed a rapid growth of the seedlings after ger-

mination; a single seedling developed a network of
rhizomes covering an area 10 feet in diameter in 6
months (on November 1).

In contrast to Lombardi et al. (1997) and Yeo (1964),
Hayden (1948) believed that late July and August
were favourable for the germination of Typha seeds
when water levels are low.

T. latifolia L. and T. angustifolia L. seedlings have
only rarely been reported from nature (Smith, 1967;
Fiala and Kvet, 1971). The absence of Typha species
seedlings within Typha stands has been attributed
to the autotoxic effects of its leaves (McNaughton,
1968). Sharma and Gopal (1978) made extensive
field trips in India, during which they observed
widespread occurrence of T. domingensis and T.
elephantina seedlings within Typha stands and
outside on the open waterlogged soils. Within the
stands, the seedlings were seen in relatively open
spaces and at the margins of the stand. Sharma
and Gopal (1978) also found seedlings on mud flats
and “millions of freshly germinated seedlings (1-2
leaf stage) on the soil surface, leaf sheaths, and de-
composing leaf litter within a T. elephantina stand.”
Van der Valk and Davis (1976) found seedlings on
mud flats and in shallow water.

Bedish (1962) only observed germination when the
soil was flooded to some degree or had been flood-
ed. This observation is in agreement with Dubbe
et al. (1988), who stated that apparently the best
scenario for establishing a cattail stand from seed
is to apply seed, with hairs intact, onto a flooded
site where the water level is allowed to drop slowly.
Their advice is based on research by Pratt et al.
(1985), who found that germination and surviv-

al were superior in flooded paddies which were
slowly drawn down to saturated conditions over
the course of three weeks, compared to in paddies
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Figure 19: Germination
and survival percentages
for Typha latifoliaand T.
angustifolia seed using
four seeding methods.
Methods were flood-

ed versus saturated

soil applications, and
seed hairs present (H)
versus seed hairs absent
(NH). 2 x 2 x 2 factorial
design; 6 replicates per
treatment. No signifi-
cant difference between
species; flooded versus
saturated and H versus
NH different at o = 0.01
(Pratt et al., 1985, in
Dubbe et al., 1988).
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which had no standing water (Figure 19). This was
true whether or not the downy seed hairs were
removed. Under flooded or saturated conditions,
germination and survival was higher when the
hairs were left intact. This difference may well be
explained by their observation that in both flooded
and saturated paddies the hairs prevent the tiny
seed from being buried in the mud.

2.4 Factors determining
germination

Seed germination and seedling establishment are
critical stages in the life history of plants (Fenner,
1985). The survival of these critical stages requires
adequate habitat conditions. Moreover, specific
environmental conditions function as a trigger to
start germination (Heinz, 2012).

Crocker (1907) and Morinaga (1926a, 1926b) were
among the first scientists researching the factors
that determine the germination of Typha seeds.
They both found that treatment of the seed coat
resulted in much higher germination rates, and
Morinaga showed that light, reduced oxygen
pressure, alternation of temperature, and nitrate
compounds could all be utilised to increase the
germination of T. [atifolia seeds. Other researchers
stated that moisture is a prerequisite for germina-
tion (Grace and Harrison, 1986). Hence, it is ob-
vious that site factors such as light, temperature,
water table, redox status, and nutrient availability
are important for Typha seed germination.

Some environmental factors control a whole set of
physical and/or chemical factors; in other words,
these environmental factors are conditional to so-
called operational factors (Figure 20; Van Wirdum,
1979). The local water regime determines the redox
status, the light penetration (quantity and quality),
and the temperature fluctuations at a certain site.
In addition, the position of a specific site in the
landscape determines the traits and/or ranges of
the relevant conditional factors; for example, (i) the
water regime of a site is determined by its position
in the altitudinal gradient or (ii) the salinity of sur-
face water in tidal marsh depends on the distance
to the sea and the altitude.

In this chapter we discuss these factors with a
focus on T. latifolia and T. angustifolia. We start
with mechanical rupturing of the seed coat as an
artificial treatment that — as we will see - results

in very high germination rates; then we continue
with a discussion of the natural site factors that are
important for Typha seed germination.

Crocker (1907) and Morinaga (19264, 1926b) al-
ready found that mechanical rupturing of the seed

coat increased the percentage of seeds germinat-
ing. Crocker found that 89% of cattail seeds ger-
minated after the pericarp was ruptured. Morina-
ga (1926b) showed that the favouring effects of
reduced oxygen pressures disappeared when the
seed coats were broken. Then, germination pro-
ceeded readily in oxygen pressures ranging from
1-90% of the full atmospheric oxygen pressure.
This large increase in germination occurred even
in darkness and in air at a constant temperature.
It removed the necessity for any other treatment
(Morinaga, 19263, 1926b).

Sifton (1959) repeated much of Morinaga’s work
and found the same results, but also made some
additional points: “In complete darkness the
inhibition of germination is overcome by removing
the caps from the seeds and to a lesser degree

by pricking them in the side.” In one sample, with
seeds intact, he found a germination of 99% in light
and 4% in darkness; after removal of the seed caps,
the germination in darkness increased to 99%, and
with a needle prick in the side the germination in
darkness increased to 92%. He also experimented
with radiation, passing a blue filter in combination
with rupturing the seed coat and a needle prick

in the side. This blue filter treatment resulted in
an inhibitory effect that was much less affected
by the mechanical measures: of the same sample
with pricked seeds only 10% germinated, whereas
in another sample 81% germinated in unscreened
light, 13% in blue light, and 31% in blue light with
caps removed.

Stewart et al. (1997) also found higher germina-
tion rates after seed treatment. They found a final
germination rate of 82% if the seed was separated
from the perigonial hairs, stigmas, and bracts,
compared to the 30% germination found without
this separation.

It seems that Yeo (1964) discovered the reason for
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the increased germination rates after rupturing of
the seed coats. He found that 100% of the seed

of common cattail (Typha latifolia L.) germinated

if the blunt ends of the seed coats were ruptured.
The rupture of the seed coat happened after apply-
ing pressure, due to which the cells along the trans-
verse edge ruptured and exposed a circular-shaped
opening. He observed in all other treatments aimed
at an increase in cattail seed germination that if the
germinating seed imbibed water, the seed coat de-
hisced similarly to when it is forced from the seed
coat. In such cases, the embryo emerges first.
According to Process of Seed Germination: 5 Steps
(With Diagram). (2015, October 26) “the first step
in (barley) seed germination is imbibition. In this
process, water penetrates the seed coat and begins
to soften the hard, dry tissues inside. The water

Figure 20: Interre-
lationship between
environmental factors
on different scale levels
(Van Wirdum, 1979;
Jalink and Jansen, 1995).
Positional factors
(positionele relatie) de-
termine conditional ones
(conditionele relatie),
which in turn control a
whole set of operational
factors (operationele
relatie). Sequential
factors (sequentiéle
relatie) refer to the state
of development of an
ecosystem and are as-
sociated with succession
and consequences of
former events.
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uptake causes the grain to swell up. The seed/
fruit coat usually splits open allowing water to
enter even faster. The water begins to activate the
biochemistry of the dormant embryo.” It is likely
that rupturing the seed coat mimics the process
of dehiscence of the seed coat, which normally
occurs by the imbibition of water and guarantees
the swelling of the embryo; in other words, this is
germination by resolving potential natural failure
factors. Therefore, the rupture of the seed coat re-
sults in much higher germination rates than during
the natural germination process.

Seeds of many species require light to germinate;
the importance of light as a factor in the germina-
tion of seeds has long been recognised (Mayer and
Poljakov-Mayber, 1989). Typha seed germination
has long been known to be light-sensitive (Guppy,
1897). Although Typha seeds are capable of ger-
mination when shed (McNaugthton, 1966), many
studies have shown that these seeds require light
to germinate (e.g. Bonnewell et al., 1983; Frankland
et al., 1987; Guppy, 1897; Lombardi et al., 1997;
Morinaga, 1926a, 1926b; Sifton, 1959; Sharma

and Gopal, 1979a; and Stewart et al., 1997). For
example, in the experiments without light by Sifton
(1959), seed germination of T. latifolia was 0-10%,
whereas with light, seed germination increased

to 91-100%. Furthermore, Stewart et al. (1997)
showed that seeds placed under subdued light
germinated to a lesser extent (55%) than those
exposed to full sunlight (76%). Nevertheless, Sifton
(1959) and before him Morinaga (1926b) reported
satisfactory germination in darkness when rather
wide alternations of temperature were employed
(30-15°C; 35-15°C; 35-20°C and 30-20°C). Sifton
(1959) showed that under such conditions the
central vacuoles in the seed were larger and more
plentiful than when constant temperatures were

employed: "Without doubt the favourable effect

of the alternating temperatures on germination
was due to vacuole formation.” These temperature
alternations improve respiration and, consequently,
more vigorous growth of the vacuoles. Sifton (1959)
also showed that the swelling of the aleurone
grains is much more rapid and vigorous in white

or yellow light than in darkness or in blue light. He
explains the observed increased germination as

a consequence of “the more vigorous growth of
vacuoles, being sufficient to compensate for the
lesser amount of strongly held water in the aleu-
rone grains, and so to bringing about rupture of the
coats and germination.”

On the basis of field observations and experi-
ments, Sharma and Gopal (1978) concluded that a
minimum light intensity is required for the seeds
of T. elephantina to germinate: “Light intensity at
the ground level inside a stand of this species was
below 50 lux. After thinning had occurred, seed-
lings were found in the stand. At this point the light
intensity reaching the ground was up to 2000 lux.”
Sharma and Gopal (1979a) found that T. domingen-
sis seedlings do not survive at a light intensity of
less than 2,500 lux.

Bonnewell et al. (1983) showed that high per-
centages of germination of T. latifolia seeds could
only be obtained by prolonged exposure to light.
Seeds appeared to be most sensitive to red light
(day light) when exposed for 6-24 hours. At least
ten hours of continuous red light (2.5 X lo® W/

m2) was needed for maximum germination. They
reported that “when seeds were exposed to light

of the same intensity for four 30-minutes periods
over a 12-hour span, the effect was nearly the same
as 12 hours of continuous light®, and, “[a]fter the
intermittent irradiation the germination percentage
was nine times that produced by a single 2-hour
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Figure 22: Effect of photo-
period on seed germina-
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lux, water depth: 3cm. 1, 2
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ber of cycles in a 24-hour
cycle (Gopal and Shrama,
1983).

Figure 23. Mean percent
germination (%) of Typha
latifolia L. seeds at dif-
ferent photoperiods and
after 2, 3, 4, 7 and 10
days of culture. Different
letters within the same
day of culture indicate
significant differences
at the 0.05 probability
level among different
photoperiods (Lombardi
etal., 1997).
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exposure.” They also investigated the effects of

the alternation of red (R) and far red (FR) light.
They found that “five minutes of far-red light (FR)
reversed the germination effect of 6 hours of R to
the (very low) level of dark controls. The photorev-
ersible effect of FR was less pronounced for seeds
imbibed prior to illumination. When spans of R and
FR were alternated (FR-R-FR, R-FR-R, FR-R-FR-R,
R-FR-R-FR), repeated reversibility was observed.
However, FR was progressively less effective in
reversing the effect of R” This experiment showed
that for “Typha seeds, the energy of FR needed to
reverse the germination effect of R was far less
than the energy of R which the seeds had received.”
Bonnewell et al. (1983) concluded that the light
requirement for Typha seed germination is one of
duration as well as energy. This conclusion cor-
responds with the results of Gopal and Sharma
(1983) and Lombardi et al. (1997). The former study
found that the seeds of Typha domingensis (syn

=T. angustata) germinated at room temperature
(25-27°C) only in the presence of light. Germination
rates increased with an increase in both light inten-
sity and duration. 100% germination occurred with-
in 48 hours after an 18-hour photoperiod at 1,000
lux (Figure 21). The latter study found that dark
germination of six-month-old T. latifolia seeds was
almost virtually absent (consistently below 10%) at
the end of the 10-day culture period, both for seeds
subjected to constant (10°C, 20°C, 30°C) or alter-
nating (10/20°C, 20/30°C, 10/30°C) temperatures.
In addition, their trials showed a marked decrease
in the germination rate and capacity of the T. latifo-
lia seeds when the photoperiod fell below 6 hours

a day (Figure 22). However, when the seeds were
subjected to a 12/12 h, 8/16 h or 6/18 h (light/dark)
photoperiod, they showed a mean germination of
roughly 77% on Day 3 (Figure 23). In all cases, 100%
germination was achieved by Day 4 (Lombardi et
al. (1997). Their results also indicated that germi-

nation was dependent on the sum of light hours to
which seeds were exposed, and on the cumulative
number of dark hours that neutralise the previous
light-derived positive impulse. Similar to Bonnewell
et al. (1983) and Gopal and Sharma (1983), Lombar-
di et al. (1997) concluded that not only light inten-
sity but also the number of hours of light regulates
seed germination of the Typha species.

Therefore, they hypothesised - again similar to
Bonnewell et al. (1983) - that the principal mech-
anism triggering germination of T. latifolia is the
presence of phytochrome. This plant pigment is
involved in the registration of light and acts as a
light sensor. It regulates the day and night rhythm
of the plant and causes the growth of a plant when
it is shaded. Two types of phytochrome can be
distinguished: phytochrome B1 and phytochrome
B2. The former absorbs the red light of 660 nm,
while the latter absorbs the far red light of 730 nm.
Daylight consists for a large part of red light, when
mainly phytochrome B2 is present. During the
night, phytochrome B2 changes into phytochrome
B1. Phytochrome B2 counteracts the elongation of
the seedlings as germination takes place in the soil
and therefore in the dark. When the seedling rises
above ground level, the growth by elongation stops
(Phytochrome, 2020, December 06).

Phytochrome helps the Typha species avoid the risk
of light limitation during germination and seedling
growth. Therefore, Typha seedlings are hardly ever
seen in or in the vicinity of dense Typha popula-
tions from which the seeds themselves are derived
(Sharma and Gopal, 1978). Light requirement can
thus guarantee seedling viability in spite of low
levels of Typha seed reserves, which mostly consist
of oleic and linoleic acid (Meara, 1957). Indeed,
epigeal germination, which is characteristic of the
Typha family, is initiated with the emergence of

the photosynthesising coleoptile? (Lang, 1965) and
cotyledon (Mayer and Poljakov-Mayber, 1989).

However, not only light in the red and far red spec-
trum is of importance with respect to seed germi-
nation. Sifton (1959) found that the germination of
Typha seed when wrapped in blue cellophane was
invariably low, as he illustrated by two examples
of seeds of which the germination was 95% and
98% in clear light, 7% and 10% in darkness, and 7%
and 8% in blue light. He further showed that under
the blue filter, alternating temperatures produced
little or no improvement in germination. Gopal and
Sharma (1983) carried out several experiments
with T. domingensis (T. angustata) in which they
investigated the influence of the spectral quality
of light on the germination of T. domingensis. Their
most important conclusion was that seed germi-
nation is inhibited by blue light.# This inhibition
can be reversed by exposure to yellow or red light.
The longer the exposure to blue light, the longer
the duration of yellow or red light that is required
to overcome the inhibition. They also found that
yellow light is nearly as effective as white light in
yielding 100% germination, and that red light is
also inhibitory to germination, but longer exposure
improves germination, although red light exposure
did not completely overcome the inhibition; even
after 72 hours there was no 100% germination.

According to Baskin and Baskin (2004), a dormant
seed is one that is unable to germinate in a speci-
fied period of time under a combination of environ-
mental factors that are normally suitable for the

3 Coleoptile: the pointed protective sheath covering the emerging
shoot in monocotyledons such as grasses (Coleoptile, 2020,
December 14).

4 Possibly due to the reduced swelling of the aleurone grains (see
Sifton, 1959).

germination of the non-dormant seed. Dormancy
is a mechanism to prevent germination during un-
suitable ecological conditions, when the probability
of seedling survival is low (Black et al., 2006). This
may be advantageous for the survival of the species
(Mayer and Poljakof-Mayber, 1989). A cold period
to break seed dormancy is quite common in many
species (Fenner, 1985). However, a cold period is
not required for germination of T. latifolia and T.
angustifolia, as has been reported by McNaughton
(1966). The same author showed that the lowest
temperature at which germination of populations
of T. latifolia and T. angustifolia occurred was
lower in southern than in northern populations

on a north-south transect of the North-Ameri-
can continent. McNaughton (1966) studied seeds
from contrasting habitats, which were stored for
2 weeks at 20°C or 21°C and then germinated at
24°C. He thus showed that a cold period was not
required for germination. Furthermore, he argued
that rather than dormancy, Typha species have

an alternate system which prevents premature
germination. Moreover, Lang et al. (2014) reported
that no special treatments were required for the
germination of T. latifolia seeds.

T. latifolia seed germination requires high tempera-
tures, as appeared from the investigations of Sifton
(1959), McNaughton (1966), Bonnewell et al. (1983),
Lang et al. (2014) and Lombardi et al. (1997).

According to Sifton (1959; Table 1), “a temperature
of 30°C is clearly satisfactory for the germination of
these seeds when other conditions are satisfactory.
A temperature of 35°C is somewhat too high, and
20°C is clearly too low. The optimum is probably
somewhere between 25° and 30°, and nearer the
higher temperature. This fact was clearly indicated
throughout the investigation.”
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Figure 25. The effect of
temperature on germi-
nation of Typha latifoliain

continuous light for 7 days.

Each value represents the
mean = 1 standard error of
10 replicates of 50 seeds
each for 1977 seed and of
5 replicates for 1978 seed
(Bonnewell et al., 1983).

Morinaga (1926b) reported considerable germina-
tion of Typha seeds, as high as 70%, at favourable
diurnal alternations (10-32°C and 15-32°C; Figure
24), while at constant temperatures less than 1%
germinated. The alternations 15-27°C and 22-32°C
were not favourable either and resulted in a maxi-
mum germination of 5%. Hence, Morinaga conclud-
ed that alternating temperatures were necessary
to germinate intact, non-ruptured seeds of Typha
latifolia. Similar to Morinaga (1926b), Lombardi et
al. (1997) observed that alternating day and night
temperatures favour germination. Among the three
thermoperiods they considered, the two in which
a 30°C phase was present (10/30°C and 20/30°C)
were more favourable to germination than the
one in which a 20°C phase was present (10/20°C).
Bonnewell et al. (1983) found that T. latifolia seed
germination required high temperatures, low O,
concentration, and relatively long exposure to light
to induce high percentages of seed germination.
More precisely, they observed for submerged seeds
a maximum germination at 30°C (Figure 25) when
exposed to red light and at a low O, water con-
centration (between 2.3 and 4.3 mg/l). Moreover,
a larger percentage of seeds germinated at 35°C
than at lower temperatures; fewer than 10% of the
seeds germinated at 15°C and none at 10°C. These
results are in agreement with those of Ekstam and
Forseby (1999) as well as with those of Lang et
al. (2014), who reported a maximum germination
rate of 80% at 26°C for 14 hours during daylight
hours and 18°C for 10 hours at night. The latter
reported germination of nearly all T. latifolia seeds
(>95%) in favourable temperature regimes. Mean
temperature (range 10-30°C) and amplitude (range
0-20°C) affected their final germination. The ger-
minated proportion of T. latifolia had a maximum
at around 20°C, above which it decreased, and
amplitudes were more stimulating at low than at
high levels of mean temperature.

McNaughton (1966) studied possible differences
between T. latifolia, T. angustifolia and T. domingen-
sis populations from different habitats in the USA.
Of all species, the northern populations showed
germination at higher temperatures than those
from the south: T. latifolia seeds from northern
populations did not germinate at temperatures
lower than 24°C, those from southern populations
did not germinate at temperatures lower than
18°C, whereas the southernmost population failed
to germinate at temperatures lower than 13°C.

Of two T. angustifolia populations, the south-

ern germinated at a lower temperature than the
northern. Within T. domingensis, the more northern
populations germinated at temperatures as low as
18°C, while the southernmost population germi-
nated at 13°C. Bonnewell et al. (1983) interpreted
these results as follows: “McNaughton found

that the temperature optimum for germination of
Typha seed varies. Seeds from moderate south-
ern climates have lower temperature optima than
seeds from more extreme, northern climates.”
Heinz (2012) did not find differences in optimum
germination temperatures between T. latifolia and
T. angustifolia populations from different origins
(several spots in Germany and one spot in Hun-
gary). Although there are marked differences in
germination rates between the populations, they
all show a positive germination reaction to the
combination of diurnally fluctuating temperatures
and flooding; the highest germination percentage
was obtained at 10/25°C and flooded conditions for
all populations. However, in a second experiment
with T. latifolia seeds originating from 15 locations
(the Mediterranean, central Europe, and eastern
Europe), Heinz (2012) found large differences in
germination traits between the 15 populations.
Germination rates differed by factors of 10 to 100
and germination time by factors of 2 to 3 between
populations. Once more, the temperature regime
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Figure 26: Final percent-
age of germination at
different temperature
regimes. Abbreviations
refer to populations
from different locations
in Europe (Heinz, 2012).
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with the highest germination rate appeared not to
be linked to mean annual temperature. Statistically,
the germination rate was most related to mean
temperature in winter and precipitation in July. An
ordination analysis of germination traits showed
that the populations were more or less arranged

to climate type. Both Mediterranean populations
showed high germination rates (mean 51.6 %) and
fast germination. The second highest and fastest
were the oceanic populations situated around the
Baltic Sea, whereas the lower percentage germina-
tion and slower germination were expressed by the
sub-continental and continental populations from
Germany and Hungary. These showed relatively low
percentages of germination at 5/15°C and a pro-
nounced increase in germination with an increase
in temperature.

The most surprising element of this part of the
study by Heinz is that in almost half of the 15
populations investigated, the highest rates of

final germination did not occur at the alternating
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temperature regimes with the highest daylight
temperatures (15-25°C or 20-30°C), but at the
relatively low 10-20°C regime (Figure 26). This is
in contrast to studies by Lombardi et al. (1997) and
Lang et al. (2014), who not only showed that alter-
nating temperatures were necessary for germina-
tion, but also that highest germination rates were
obtained in the regimes including a much higher
daylight temperature (30°C and 28°C, respective-
ly). The experimental design of these studies were
almost equal: “seeds were germinated in plastic
Petri-dishes in deionised water saturated filter
paper and water was added if necessary.” (Lang et
al. (2014)

Water levels and their fluctuations have been
shown to critically affect seedling survival and
growth (Weller, 1975; Sharma and Gopal, 1979b,
cited in Grace, 1984). As early as at the beginning
of the 20" century, Morinaga (1926b) reported that

Typha seeds gave a much higher germination rate
under water than on filter paper.

In his PhD thesis, Bedish (1964) gave an overview
of what was then known about the germination of
Typha species in relation to water levels. Several
authors reported germination of seeds below the
surface water level. Bedish cites Wilson (1955),
who found that induced seeds of T. latifolia, T.
angustifolia, T. domingensis, and T. x glauca ger-
minated in simulated and actual marsh conditions
in North Carolina. Moreover, Wilson found that
seed germinated on exposed mud and under water
depths of 1-2 inches. Seeds placed under 8 inches
of water gave poorer results. Germination of Typha
species after surface waters run dry were report-
ed by Kadlec (1960), Lynch et al. (1947), Hayden
(1948) and Summerhayes and Turrill (1948). Kadlec
(1960, cited in Bedish, 1964) indicated that cattail
seedlings in Michigan established themselves only
on very wet soil areas. Lynch et al. (1947) observed
germination of Typha on floating masses of plant
debris and soil which had been lifted from the
marsh bottom by decomposition gases. Hayden
(1948) found that pond floors and lake beds from
which the water had been evacuated were populat-
ed with Typha seedlings within 2-3 weeks. July and
August were especially favourable for germination
of amply-seeded soil. Summerhayes and Turrill
(19438; cited in Bedish, 1964) observed what they
described as the establishment from seed of ma-
ture fruiting Typha plants on bare mud flats of Lake
Binley in England. Kaushik (1963) found that Typha
seed which was stored dry or frozen prior to germi-
nation gave the highest percentage of germination.
Seeds stored in mud or water gave poorer germina-
tion whether or not they were frozen. Furthermore,
he noted more seeds germinating in moist condi-
tions than in flooded conditions.
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Bedish (1964) showed that germination occurred
only when the soil was or had been flooded to some
degree. He concluded that a water depth of 1 inch
(2.5 cm) was found to be the optimum moisture
condition for seed germination in a greenhouse.
However, he stated that “[n]either the 1962 nor

the 1963 seed tests showed any significant effect
of water depth on per cent germination” (see also
Figure 27). Therefore, he qualified his conclusion by
stating: “In addition, this study indicates that mois-
ture conditions ranging from saturated soil to 6
inches of water will provide almost equally favour-
able growing conditions.” Bedish (1964) assumed
that light penetration is the limiting factor to seed
germination rather than water depth, as long as
other determining factors are favourable (Mayer
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Figure 28: Mean final
germination rates of the
T. angustifolia (Ta) and T.
latifolia (T1) populations
at different temperature
regimes and flooded
conditions. Significant
differences between
populations averaged
over all temperature
regimes are marked by
different characters. Ab-
breviations indicate the
origin of the T latifolia
and T. angustifolia popu-
lations (Heinz, 2012).
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and Poljakoff-Mayber, 1989). In his opinion, any
references to Typha seed germination at the soil
surface level (in Kadlec, 1960; Lynch et al., 1947;
Hayden, 1948; and Summerhayes and Turrill, 1948)
“may well have been the result of field observations
of seedlings left growing on mud exposed by natu-
ral lowering of water levels.”

In addition, Shay and Shay (1986) described T.
latifolia as tolerant to water fluctuations and that
this species spreads both vegetatively and by seed,
particularly under drawdown. Sharma and Gopal
(1979b) reported that T. domingensis seedlings
grew best when submerged in 10 cm of water.

Temperature and water depth both had a signifi-
cant effect on final germination rates in T. latifolia
and T. angustifolia populations from different
origins. They differed significantly in the final ger-
mination percentage. Heinz (2012) reported that
the highest germination percentage was obtained
at 10/25°C and flooded conditions (at a water

depth of 4 cm) for all populations (Figure 28); a
further increase in temperature did not stimulate
an increase in germination percentage. Raising

the water depth, however, resulted in a significant
increase in the germination percentage at every
temperature regime. In her trials the applied water
depth treatments were ‘moist’ (soil kept saturat-
ed), ‘surface’ (water depth maintained at the soil
surface), and ‘flooded’ (water depth maintained at
4 cm above the surface). Growth cabinets were set
to diurnal fluctuations of 5/15°C, 10/25°C, 20/30°C,
and a constant temperature of 25°C. Temperature
fluctuations corresponded to a light regime of 16
hours of light (higher temperature) and 8 hours of
darkness (lower temperature). Generally, T. latifolia
obtained higher final germination rates than T. an-
gustifolia at all factor combinations except for the
constant temperature regime (Figure 29).

Grace (1985) sowed seeds of Typha latifolia and T.
domingensis species along a miniature gradient in
water depth, both in monocultures and in mixtures,
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to ascertain the relatively competitive abilities of -
juveniles. In monoculture (low density gradient), T. g
latifolia was found to germinate and grow better z
at slightly higher elevations than T. domingensis. a
In mixtures, T. latifolia was the better competitor e
above the water table while T. domingensis domi- g
nated below the water table. For T. latifolia, germi- -
nation along the low density gradient was zero if ;
the water level was more than 18 cm above the soil E
surface, but maximal at levels slightly higher than o

10 cm above the soil surface. No obvious trends

in germination were apparent for either species
between -7 and +21 cm water depth (Figure 30).
For both species, mortality was low across most of
the gradient. T. latifolia plant mass showed a more
or less unimodal distribution with a peak at a water
level of 3 cm above the soil surface (Figure 30). The
cause is unknown. For both species, plants that
germinated under water developed floating leaves
before developing erect leaves.

Last, the results of the laboratory studies by Beule

(g)
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WATER DEPTH
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Figure 29: Final percent-
age of germination (a),
onset of germination (b)
and T50 (c) of Typha lat-
ifolia (left) and T. angus-
tifolia (right) at different
temperatures and water
depths. Presented are
mean * 95% confidence
limits (Heinz, 2012).

Figure 30: Performance
of T. domingensis (TD)
and T. /atifolia (TL) sown
in monoculture across a
miniature water-depth
gradient (“Low Density”
gradient). Negative
depth values are above
the water table. (A) Ger-
mination and survival.
The solid symbol for
each species represents
the percentage of seeds
that germinated, and the
open symbol represents
the percentage of seeds
that germinated and
survived, with the differ-
ence between the curves
representing mortality.
(B) Average plant mass
per individual. Error bars
for both figures are 1
standard error (Grace,
1985).
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Figure 31. Effect of
water depth on seed
germination (%) in Typha
domingensis, under
daylight conditions. 0
c¢m = moist filter paper.
Vertical bars indicate = 1
s.d (Gopal and Sharma,
1983).
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(1979), Keddy and Ellis (1985) and Gopal and Shar-
ma (1983) on T. angustifolia and T. domingensis (T.
angustata) are briefly discussed. Keddy and Ellis
(1985) found no response in seedling recruitment
of T. angustifolia to a water range depth from 5 cm
below the soil surface to 10 cm above the soil sur-
face. In contrast, Beule (1979) showed that T. an-
gustifolia seeds germinate best in water of a depth
of 1inch (2.5 cm), but also that they can germinate
in water as deep as 16 inches (40 cm). Keddy and
Ellis (1985) found a 90% seedling recruitment

at all depths, which indicates that their range of
water depths was too limited to find the optimal
water regime for T. angustifolia seed germination.
Experiments by Gopal and Sharma (1983) with

T. domingensis (T. angustata) showed that seeds
germinated better under water than on moist filter
papers (Figure 31).

In summary, based on the literature studied, the
range of optimum water levels for the germination
of T. latifolia varies between a groundwater table
around the soil surface and a surface water level
that does not exceed 15 cm. Under controlled con-
ditions, maximum germination rates were found
at water depths of between 2.5 and 4 cm (Bedish,
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1964; Beule, 1979; Grace, 1985; Heinz, 2012).
Although germination has been known to occur

at surface water depths that exceed 10 cm and
groundwater tables lower than 15 cm below the soil
surface, seedlings which have germinated under
these conditions may be too small to develop into
adult plants (Figure 30). The water regime require-
ments of T. angustifolia seed germination are less
well-known. Although the adult plants of these spe-
cies grow in deeper water than those of T. latifolia,
it may be expected that these species germinate at
a water regime corresponding to that of T. latifolia
as this is suggested by the results of Beule (1979),
Dubbe et al. (1988), Heinz (2012) and Keddy and
Ellis (1985).

The germination of the Typha species is charac-
terised by low oxygen concentrations. Morinaga
(1926b) and Sifton (1959) reported that very little
oxygen is required for germination (see also Grace,
1984); however, no germination has been observed
in the absence of oxygen (Morinaga, 1926b). Ac-
cording to Bonnewell et al. (1983), the maximum
germination of submerged seeds was achieved
when the O, concentration in the water was be-
tween 2.3 and 4.3 mg/I, corresponding to 28-52%
of the O, concentration in water equilibrated with
air (Figure 32). At both lower and higher O, con-
centrations, germination was reduced. Seeds that
had failed to germinate at either 1.0 or 7.5 mg/1 O,
readily germinated when O, levels were changed
to 3.7 mg/l. Lang et al. (2014) found germination
of T. latifolia under hypoxic conditions, i.e. in the
presence of low oxygen concentrations. We con-
clude that a small supply of oxygen is necessary for
germination.

Anaerobic conditions may already originate less
than 2 cm below the surface of lake sediments
(Mortimer, 1971). Therefore, it is likely that the re-

quired O, concentrations for optimum germination
of Typha seeds are likely to occur near the surface
of water-saturated soil. This assumption is consis-
tent with the appearance of seedlings on mud flats
or in shallow water (Van der Valk and Davis, 1976)
and complements Bedish’s (1964) finding that
flooding provides the reduced oxygen tension re-
quired for Typha seeds germination. Bedish (1964)
stated that Typha seeds will probably germinate

at any water depth into which light can penetrate,
as long as other influential factors are favourable
(Meyer and Poljakoff-Mayber, 1963). The fact that
they do not germinate in water too deep for light
penetration prevents germination in sites where
seedlings will not survive.

The ability of a species to germinate and establish
seedlings frequently determines its distribution

in nature (Choudhurii, 1968). Salinity may affect
germination in two ways: (1) salts in the soil solu-
tion may be sufficient to create osmotic pressure,
which will seriously retard if not prevent the intake
of necessary water, and (2) the constituent salts or
ions may be toxic to the embryo or the seedlings.

Fassett and Calhoun (1952) describe the water

quality conditions of both Typha species as follows:

“The edaphic conditions tolerated by T. latifolia
range from basic to acid waters, while T. angustifo-
lia is mostly in basic waters and will tolerate some

salinity, as in the salt marshes along the east coast.

Where there is an overlap in these habitats, hybrid
swarms are found.” According to Clements (2010)
and Murphy (2007), both species are not very
tolerant to salinity. Salinity levels of even 1% cause
leaf damage to T. latifolia, whereas T. angustifolia
is slightly more salt-tolerant (Weeda et al., 1994).
These observations match the known distribution
of the two species in the UK (Grime et al., 1988).
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T. angustifolia tolerates slightly brackish conditions
(Crain et al., 2004; Weeda et al., 1994), but fresh
waters are clearly its optimum habitat (Crain et al.,
2004). In fresh waters T. angustifolia becomes a
dominant species; in brackish waters this is never
the case. There, T. angustifolia is “a lone invader
from neighbouring zones” (Crain et al., 2004). The
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maximum biomass markedly decreases with in-

creasing salinity (Figure 33); the same occurs after

transplantation (Figure 34; Crain et al., 2004).

Gucker (2008a) stated that T. latifolia “tolerates
brackish waters, but salinity tolerance may differ
with developmental stage.” Seed germination rates

decreased with increasing salinity; germination
of Typha seeds was reduced by even 0.5 atmo-

sphere of osmotic pressure in pond water, with no
germination above 1 atmosphere. Nevertheless,

2 RESULTS

Figure 32: The effect of
0, concentration in the
water on the germina-
tion of submerged 1977
Typha seeds under red
light at 32°C. Bars indi-
cate standard error of
the mean of triplicates
after 48 hours of light
(Bonnewell et al., 1983).
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Figure 34: Above-ground
biomass harvested after
two growing seasons
from the central 10

x 10 cm of large turf
transplants of five
dominant species in

salt and freshwater
tidal marshes. T. angus-
tifolia transplanted to

a mid-elevation marsh
(left) and a low-ele-
vation marsh (right).
Neighbours: with other
plant species vegetation;
No Neighbours: all other
plant species removed.
Data are shown as mean
+ one standard error

for 16 replicates per
treatment (Crain et al.,
2004).
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both adults and seedlings of T. latifolia were “quite
tolerant” of salinity due to NaCl. The sensitivity

to low salinity during germination must prevent
the species’ colonisation of brackish habitats.
Moreover, adverse environmental factors, such as
a predominance of Na,CO,, probably results in a
restricted distribution of T. latifolia. In the brackish
marshes of south-eastern Louisiana (the Bayou),
broadleaf cattail rarely occurred at salt levels of up
to 1.1%, and then only in low cover (Penfound and
Hathaway, 1938). In the boreal forest zone of Alber-
ta, Canada, Lieffers (1983) found T. latifolia growing
in oxbow lakes with a salinity, measured as water
conductivity, of 260 to 1,380 pS/cm. Shay and Shay
(1986) describe T. latifolia as tolerant of salinity of
less than 10,000 pS/cm. Typha is adapted to fresh
and moderately saline conditions, although under
the latter it exhibits “subnormal”s development
(Millar, 1976, cited in Shay and Shay, 1986).

Lombardi et al. (1997) also investigated the impact
of salinity on the germination of T. latifolia. NaCl
turned out to have a negative effect on germination
rates (Figure 35) and seedling growth and develop-
ment (Table 2); even the lowest NaCl concentration
was found to exert an adverse effect, such as shoot
tip necrosis. These researchers also found that
germination decreased proportionately to increas-
ing NaCl concentration in the presence of alter-
nating temperatures. Analysis of variance showed
that shoot length recorded at 10/20°C and 10/30°C
differed significantly from lengths obtained at
20/30°C (Table 2). After NaCl was added, the latter
temperatures were found to give the greatest
seedling lengths. Hence, Lombardi et al. (1997) re-
garded T. latifolia as a glycophilic species (a species
attracted to fresh water), with an extreme sensitiv-

5 It was impossible to find the publication on the internet and,
therefore the concept “subnormal” remains undefined. We as-
sume that it points to low presence and/or cover of the species.
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2 RESULTS

Figure 35: Mean per-
centage of germination
(%) of Typha latifolia L.
seeds at alternating
temperatures during 10
days of culture in NaCl
(M). Different letters

at 10 days indicate
significant differences at
the 0.05 probability level
among different salinity
treatments (Lombardi et
al., 1997).
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Table 2: Mean length
(cm) = standard error
of T latifiolia seedlings
(shoot + root) on Day
10 in different NaCl
solutions and at various
alternating tempera-
tures (°C) (Lombardi et
al., 1997).
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Temperature (°C) Length of seedlings (cm)

0 NaCl 0.1 M NaCl 0.2 M NaCl 0.3 M NaCl
10/20°C 84+13a 1.5+05¢ 1.1+0.1e 00+00¢g
10/30°C 17.1£2.1b 1.6+0.1¢ 1.2+02e 1.0+03h
20/30°C 159+1.2b 20+03d 1.5+0.1f 1.3+0.4h

ity to variations in water body salinity, particularly
during germination and early growth. Therefore,
they concluded that it is unlikely that this species
colonises brackish environments by seed. It seems
much more likely to them that the species propa-
gates and establishes itself by vegetative dispersal.

In conclusion, both Typha species can occur in
slightly brackish conditions, but in low cover,
although their germination is strongly inhibited by
already low NaCl concentrations. Therefore, we as-
sume that colonisation of slightly brackish habitats
mainly occurs through vegetative propagation and
through germination during periods with a predom-
inant supply of fresh rainwater or groundwater, but
this latter situation will occur only rarely.

Changes in pH had no effect on T. latifolia germi-
nation (Lombardi et al., 1997). This underpins the
observations that this species can build a spe-
cies-poor and monotonous vegetation in which the
species itself predominates in a wide pH-range
from acid to alkaline (Fasset and Calhoun, 1952;
Millar, 1976; Weeda et al., 1994). T. angustifolia

is most abundant in basic waters (Fasset and
Calhoun, 1952), but it is able to build a dense,
species-poor vegetation in soft-water pools with an
average pH-H O of 6.5-7.0 (Kieskamp and Jansen,
2017).

Morinaga (1926b) stated that “[c]attail seeds

are sensitive to light, nitrogen compounds, and
reduced oxygen pressures.” However, the impact
of reduced oxygen conditions in the germination
percentage seems to be of greater importance, as
Morinaga reported for T. latifolia that “[n]itrates
cause a marked increase in the germination of
cattail seeds under water (reduced oxygen pres-
sure) at the constant temperature 27°C, but they
do not increase the percentage of germination of
these seeds on filter papers (full oxygen pressure
of the atmosphere) at the same temperature.” He
substantiated this conclusion with the following re-
sults: (i) in Petri dishes with filter paper moistened
with nitrate solutions, germination was no better
than on filter paper moistened with water, and (ii)
after 18 days in darkness, at 27°C immersion of
the seeds in nitrate solutions of 0.02 N and 0.01 N
KNO, and in distilled water resulted in germination
percentages of 23.5%, 59% and 1.5%, respectively.
The latter results show that nitrate enhances the
germination of T. latifolia seeds only in oxygen-poor
conditions.

Stewart et al. (1997) investigated the effects of
seed germination of Typha species in response to
different nutrient levels, focusing on phosphate.

In their series Il, in which they explored the effects
of differences in field-derived nutrients on germi-
nation in T. domingensis and T. latifolia, they used
field water collected from three areas of the Ever-
glades (Florida, USA) that had different phosphate

2 RESULTS
Transi- Non- Typha domingensis
Location Impacted tional impacted 50]

TP' (mg P/L) 0.200 0.030 0.008 501

PO, (mg P/L) 0.051 0.004 0.004

TKN? (mg N/L) 2.6 2.7 2.1 01 o g
NH, (mg N/L) 0.015 0.011 0.020 304 : t"‘:f“m
NO, (mg N/L) 0.004 0.004 0.004 o zero
NO, + NO, {(mg N/L) 0.004 0.021 0.01 204

DOC (mg/L) 46 51 36 ‘a'g“

CaCO, (mg/L) 299 333 263 = 101

Na (mg/L) 97 46 80 o & .

K (mg/L) 6.2 3.9 6.6 T 3 4 5 6 7 8 9 14 15

Cl (mg/L) 150 140 120 £ _

Ca (mg/L) 84 48 76 E 60- Typha latifolia

Mg (mg/L) 24 14 24 G s

Fe (mg/L) 40 42 32

Si0, (mg/L) 24 20 18

SO, (mg/L) 62 73 56
TSS? (mg/L) 16 2 2

'"TP = Total phosphorus.

*TKN = Total Kjeldahl nitrogen.

'TSS = Total suspended selids.

Table 3. Nutrient concen- ol " . : — . . .

trations of the water from 3 4 5 6 7 B 9 14 15
tcr;f:efrf;‘t’;:fr;"gtzr‘llnlr‘:‘ﬁf’ Days since the experimental set up

Everglades (Florida, USA)
(Stewart et al., 1997).

concentrations and represented high, medium,

and low nutrient conditions with total phosphate
concentrations of 0.200 mg/I (impacted), 0.030
mg/| (transitional) to 0.008 mg/I (non-impacted),
respectively (Table 3). Distilled water was used to
create a zero nutrient condition. T. domingensis
and T. latifolia seeds were used. There was little
difference between either the germination percent-
age for both species within the medium and low
nutrient levels. However, the two species differed
in that T. domingensis had the lowest percentage of
seed germination in zero nutrients, while T. latifolia
had the lowest in high nutrients (Figure 36). The

only significantly different germination rate within
species was in the zero nutrient condition for T.
domingensis.

Typha species are known to be characteristic of nu-
trient-rich sites (see for example Oberdorfer, 1983;
Weeda et al., 1994). This leads to the question
whether nitrogen or phosphorus limits the growth
of Typha species.

K6hn (2016) tested the impact of the use of propa-
gation soil and potting soil on the germination on T.
latifolia and T. angustifiolia. She found much better

Figure 36: Seed germi-
nation of T. domingensis
and T. /atifolia over

time in four nutrient
concentrations of water
collected from three
sites in Water Conser-
vation Area 2A in the
Everglades (Florida,
USA). Bars represent
one standard error. Each
mean represents an
average of 18 samples
of 50 seeds

(in Stewart et al., 1997).
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Table 4: Means = SE:
of selected nutrient
concentrations of soil
samples for reciprocal
transplanting (Miao et
al., 2000).
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Sample size Total P (mgkg 1) Total N (gkg™ 1) N:pP* Total C (gkg™ )
Reciprocal transplanting experiment
F1 site 6 1572 + 29 263404 37 405 £ 11
Ul site 6 446 + 8 321 +£07 159 483 £ 7
U3 site 6 401 + 4 272404 150 367+2

germination in potting soil than in propagation soil,
which in her opinion is due to the higher phosphate
concentration in the potting soil, although the
propagation soil contains more nitrogen. However,
over time the number of seedlings in the potting
soil decreased, which may be caused by the low
nitrate content of the flower soil, which was just
one third of that of the propagation soil.

Miao et al. (2000) also provided evidence for the
importance of P availability in species expansion in
wetland ecosystems. They reciprocally transplant-
ed T. domingensis plants originating from seeds
collected at a P-enriched site and two unenriched
sites (Table 4), and they found that the site had a
significant effect: (i) after 7 months, plants (per
genet) transplanted to the enriched site exhibited
a greater biomass (dry weight) accumulation (152
versus 13 g), higher tissue nutrient concentrations,
and more proportional leaf biomass allocation than
plants transplanted to the unenriched sites; (ii)
each original plant transplanted to the enriched
site produced an average of 6.7 new ramets and
covered approximately 1.2 m? whereas no ramets
were produced at unenriched sites; and (iii) after
2.5 years, the total biomass for plants transplanted
at unenriched sites was only about 6% of that of
plants at the enriched site measured 2 years prior
to this.

Miao et al. (2000) argue that the differences in
plant growth between enriched and unenriched

sites were largely due to site differences in P avail-

ability:

1. Soil analyses show that the major difference
between the three sites was P concentra-
tion (Table 4). Although site U1 exhibited the
greatest soil total N concentration among the
three sites, this high N concentration was not
associated with enhanced cattail plant growth.

2. Inthe same area, Craft et al. (1995) demon-
strated that P additions but not N additions
significantly enhanced cattail biomass accumu-
lation.

3. N:P ratios (based on atomic weights) of plant
tissue greater than 16 generally indicate P
limitation (see for example Koerselman and
Meuleman, 1996). The experiment of Miao
et al. (2000) showed that tissue N:P ratios at
unenriched sites are clearly P-limited, although
at enriched sites this ratio was close to 16.

4. Differences in water depth between the two un-
enriched sites did not result in different growth
rates.

Some researchers mentioned differences in soll
type or sediment structure as a cause of differenc-
es in germination and/or establishment. According
to Van der Valk and Davis (1976), certain substrate
samples with high organic matter content (i.e.
large amounts of partially decomposed leaves from
trees) generally produced fewer seedlings and of-

ten had significant seedling mortality rates. Stew-
art et al. (1997) reported that the use of Everglades
Peat had a negative effect on seed germination of
T. latifolia and T. domingensis: “Overall, only 55% of
the seeds germinated on the Everglades Peat, while
90% germination occurred on filter paper or paper
towels as the substrates.”

Grace (1984) investigated the impact of benthos
(tubificid worms) on the germination and establish-
ment of T. latifolia and T. domingensis. He planted
seeds into plastic chambers and determined the
sedimentation in the chambers arising from organic
and inorganic deposition, benthic algal growth, and
sediment pushed up through the fabric by tubificid
worms. Next, he scored each chamber after the
first 30 days as one of the following: 0 = none of the
surface area covered by sediment; 1= 25% or less
covered; 2 = 26-50% covered; 3 = 51-75% covered,
4 =76-100% covered by a layer < 3 mm deep; 5 =
100% covered by a layer > 3 mm deep. He observed
that only at sedimentation level 5, a significant
reduction in germination, survival, and growth had
occurred (Figure 37). However, only the T. domin-
gensis tubs contained sedimentation values this
high, while sedimentation in tubs of T. latifolia did
not differ significantly from the control tubs, i.e.
without tubificids. The cover of the Typha seeds
with a 3 mm deep layer may cause unfavourable
light conditions for germination (see section 3.5.3.).
According to Grace (1984), the very small Typha
seeds (1-1.5 mm long) are easily buried by tubific-
ids. By their burrowing activities, the tubificids mix
as much as the upper 15 cm of sediment, which
may cause an increase in the redox potential of the
upper sediments (Davis 1974). This will negatively
influence the germination of Typha seeds, which
are known to favour low oxygen conditions for ger-
mination (see section 3.5.7).
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Figure 37: Effects of
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Evenari (1949) listed Typha as a plant species pro-
ducing germination inhibitors. Bedish (1964) subse-
quently suggested that the leaves of cattail plants
produce germination inhibitors and thus inhibited
the germination of Typha seed in an established
cattail stand.

Van der Valk and Davis (1976) hypothesised that
the high mortality of seedlings that they observed
in the open-water zone of Ventura Marsh with

large amounts of partially decomposed leaves from
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trees could be due to an allelopathic interaction
between the tree leaf litter and certain monocot
species (primarily one or more grasses). Normal
individuals of dicot species, especially Urtica dioica,
grew in the same sample, as did some monocots.
However, seedlings of Leersia oryzoides (a monocot
grass species) also survived in high numbers, as
did seedlings of Typha glauca (Table 1 in Van der
Valk and Davis, 1976). Therefore, it is questionable
whether an allelopathic interaction is the cause of
the high seedling mortality. It seems more likely
that decomposition of accumulated layers of leaves
resulted in extreme eutrophication and, conse-
quently, in a species composition characteristic of
hypertrophic conditions. Van der Valk and Davis
(1976) also assumed that the poorer germination of
Typha in Typha stands compared to in open water
supports McNaughton’s (1968) hypothesis that
Typha inhibits the germination of its own seed,
although they refer to Clambey (1975), who was
unable to demonstrate this phenomenon. They
concluded with the recommendation that more
research is required into the allelopathic properties
of marsh plant litter and their influence on vegeta-
tion dynamics.

A green leaf extract inhibited germination in the
dark only (Rivard and Woodard 1989). Sharma and
Gopal (1978) showed that a variety of aqueous
extracts, including those from Typha, did not affect
the seed germination of T. domingensis) and T.
elephantine Roxb. Moreover, the results of inhibi-
tion experiments by Grace (1983) indicated that
there was no allelopathic inhibition of germination
as found by McNaughton (1968). Grace (1983)
found inhibitory effects of Typha extracts in liquid
culture on seed germination only in concentrations
greater than or equal to 3% (dry weight to volume),
but these were correlated with the development

of water moulds in the cultures. He showed that
“prior to the development of water moulds, even

15% extracts were not inhibitory to germination.
Further, neither 3% concentrations of senesced
leaf pieces nor soil surface water from one year old
pots of T. latifolia had any detrimental effects on
germination. Seeds sown in pots containing estab-
lished T. latifolia germinated as well as seeds sown
in control pots.” Therefore Grace (1983) concluded
that “these results do not support the contention
that T. latifolia inhibits the germination of its seeds
by the release of allelopathic substances.”

2.5 Establishment and growth

Like many other species of marshes and other
aquatic sites, the Typha species are characterised
by clonal growth (Grime et al., 1988; Figure 38).
The following authors reported the following with
respect to the growth of Typha species:

o Yeo (1964): The growth of the seedlings was
rapid. In 6 months a single plant developed a
network of rhizomes covering an area 10 feet (3
meter) in diameter. Furthermore, he reported
that in a single growing season, a plant grown
from seed produced 34 aerial shoots that were
46-61 cm tall, 29 shoots measuring 10-46 cm,
35 shoots measuring 5-10 cm, and 104 lateral
buds.

» Wesson and Waring (1969 in Miklovic, 2000):
Once germinated, T. angustifolia seedlings can
achieve high growth rates in full sunlight condi-
tions.

» Grace and Harrison (1976): Typha latifolia
produces lateral rhizomes of up to 28 inches
(70 cm) long, with diameters of 0.2 to 1.2 inches
(0.5-3 cm). Shallow fibrous roots are attached
to these rhizomes.

o Fiala (1971, 1978): One individual plant (gen-
et) is capable of producing more than 40 new
daughter shoots (ramets) during the first grow-
ing season, whereas polycorms are capable

-
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Figure 38. Typha latifolia
L.: character of branch-
ing of the rhizome
system (Fiala, 1971).

L)

Figure 39: Spreading of
the rhizomes in one-year
clones of Typha latifolia
during the 1967 growing
season; horizontal
projection 1 = rhizomes
formed at the end of the
preceding year (1966),

2 = rhizomes formed

in the course of 1967,

3 = hibernating buds,

4 = remnants of dead
shoots remaining from
the preceding year; G1 =
shoots which emerged
at the end of the
preceding year, G2 to G7
= shoots which emerged
in the course of 1967
(Fiala, 1971).
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Figure 40: Spreading

of the rhizomes of

a two-year clone of
Typha latifolia during the
1966 growing season,
horizontal projection:

1 =rhizomes formed

in the preceding year
(1965), 2 = rhizomes
formed in the course of
1966, 3 = hibernating
buds, 4 = remnants of 1 1

dead shoots remaining
from the preceding

year; G1 = shoots which
emerged at the end of
the preceding year, G2
to G4 = shoots which
emerged in the course of
1966 (Fiala, 1971).
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of covering up to 16 m? at the end of the first
growing season. However, the highest rate of
expansion was observed in two-year clones,

in which the annual increment in the colony
diameter amounted up to 4 m. He recorded the
highest rates of the formation of new shoots
during the growing season in the summer (July
to early August) and in the autumn (September
to October), which corresponds with the two
maxima in the increments in rhizome biomass
(Figure 39).

o Grace and Wetzel (1981a): Newly established
plants rapidly produce large rhizomes from
which ramets (rhizomes with emerged leaves
and flowering structures) can grow.

o Grace and Wetzel (1981c): Vegetative repro-
duction occurs by the production of a lateral
rhizomes from the meristem at the base of the
leaves.

e Holm et al. (1997): Rhizome growth begins once
shoots are 14 to 18 inches (35-45 cm) tall. Dur-
ing the first year, rhizomes may spread to 2 m
in diameter. After two growing seasons, a single
colony of common cattail may cover 54 m? with
a total rhizome length of 480 m.

The life cycle of T. angustifolia is described con-
cisely by (Apfelbaum, ((1986) and Snyder (1993): T.
angustifolia leaves emerge in early spring (April),
after which new rhizomes and leaves are formed
(May and June). Spikes emerge in June, whereas
flowering is initiated in early to mid-summer. In July
also new basal shoots arise. From August through
September maturation of flower head occurs. The
greatest clonal growth occurs in the fall. Seeds typ-
ically remain on the spikes through the winter and
disperse in spring. Aerial shoot growth continues
into November or until the first freeze when plants
become dormant (Boyd and Hess, 1970). While
generative shoots complete their growth with flow-

ering and die after reproduction, some vegetative
shoots survive winter and show re-growth in spring
(Fiala, 1971; Dickerman and Wetzel, 1985). The
latter two studies showed that three shoot emer-
gence pulses occur per year: (i) the first one in early
spring, which grows throughout the summer and
dies completely in late autumn; (ii) the second one
in midsummer, and (iii) in late summer and early
autumn, which produces 80-90% of the shoots
that will resume growth in spring. Circa % of the
midsummer shoot pulse senescences in autumn,
while the remainder will resume growth the follow-
ing spring. These recordings are in agreement with
those by Fiala (1971). He found that the total annual
production of rhizomes depended to a large extent
on both the rate of the development of shoots
originating from offshoots formed in the preceding
year and on the development of the shoots formed
next to these at the beginning of the new growing
season. These shoots play an important role in the
formation of rhizomes during the whole growing
season, and they give rise to a large number of rap-
idly growing offshoots in the middle of the growing
season (Figure 40).

Garver et al. (1988) studied seasonal patterns of
biomass and nutrient (nitrogen, phosphorus and
potassium) accumulation in T. latifolia, T. angusti-
folia. and T. X glauca grown in cultivated stands in
Minnesota, USA, during the course of two growing
seasons and two winters. Their results indicated
“that biomass and nutrient accumulation are in a
lag phase during the first 4-8 weeks of growth in
the spring. The plants then enter a rapid growth
phase in which 47-80% of the total seasonal bio-
mass production and nutrient uptake occurs in a
4-8-week period. During this time, Typha leaves
account for 60-70% of the biomass and represent
the major nutrient sink. As the rate of biomass and
nutrient accumulation diminishes, translocation

2 RESULTS
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Figure 41: Comparison
between natural mon-
ocultures and mixtures
of Typha latifolia (TL) and
Typha angustifolia

(TA) in five experimental
ponds that had been
undisturbed since their
creation and colonisa-
tion by Typha 23 years
before measurement.
Values presented are
raw densities per 0.4 m?
plot and error bars rep-
resent + one standard
error. The water depths
for Zones 1-3 were
0-30, 30-60 and 60-90
cm (Grace and Wetzel,
1998).
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of both nutrients and photoassimilate takes place
from leaves to rhizomes, with an estimated 40%
of leaf nitrogen, 35-44% of leaf phosphorus and
4-38% of leaf potassium translocated to the rhi-
zomes by 27 October. Over the winter, 75% or more
of the rhizome biomass, nitrogen, phosphorus and
potassium is preserved.” In addition, the results

of Miao et al. (2000) need to be mentioned; they
found that growth characteristics (rhizome growth
and biomass accumulation) and tissue total-P
concentrations were greater at an enriched site
relative to two unenriched sites (see also section

3.5.9).
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Grace and Wetzel (1982) showed that the storage
of nutrient reserves (carbohydrate) in their rhi-
zomes during their dormant winter period permits
the initial growth of spring shoots for both T.
latifolia and T. angustifolia. In addition, it turned out
that the size and number of the rhizomes differed
between both species: T. angustifolia produces a
few, large parent rhizomes, whereas T. latifolia pro-
duces many, small, lateral rhizomes. Therefore, in
spring T. angustifolia is capable of producing shoots
to heights enough to exceed the surface of deep-
er water. The spring shoots of T. latifolia do not
exceed a water depth of 5o cm. These differences
in size and number of rhizomes determine the posi-
tion of both species in the water depth gradient as
Grace and Wetzel (1998) showed in their study on
the interaction between both taxa. They compared
mixed and monoculture stands in five experimental
ponds that had remained undisturbed for 23 years.
They found that the maximum depth of T. latifolia,
the shallow-water species, was not significant-

ly reduced when growing in the presence of the
more flood-tolerant T. angustifolia (Figure 41). In
contrast, the minimum depth of T. angustifolia was
reduced from o to 37 cm when in the presence of
T. latifolia (Figure 41). Furthermore, a comparison
between the total populations in monoculture and
mixed stands revealed that the average density of
T. angustifolia shoots was 59.4% lower in mixed
stands, while the density of T. latifolia was 32%
lower. T. angustifolia was most affected at shal-
low depths (reduced by 92%) and T. latifolia at the
deepest depths (reduced by 60%). Hence, Grace
and Wetzel (1998) concluded that their long-term
observations indicate that competitive displace-
ment between Typha taxa has remained stable
over time. Therefore, these species hold a separate
niche in nature, as is indicated by their stable posi-
tion in the water depth gradient (see section 3.1.4).

iclusions

discussion |

3.1 Reproduction and dispersal

Cattails reproduce by seed and rhizomes. Their
primary means of colonising is by seed, and once
established, colonies are maintained by vegetative
reproduction via rhizome growth and fragmenta-
tion (Grace and Wetzel, 1981a,b,c). Typha species
produce an enormous number of seeds, with
estimates for a single inflorescence ranging from
20,000 to 700,000, with an average of approx-
imately 200,000 (Dubbe et al.,1988; Grace and
Harrison,1986; Heinz, 2012; Prunster, 1941; Marsh,

1962; and Yeo, 1964).

Typha species are anemochoreous, i.e. they are
dispersed by wind. The hairy, small and light seeds
facilitate wind dispersal, which happens during
autumn and winter. By anemochory the seeds are
easily transported over long distances (Coops and
Van der Velde 1995; Grace, 1984; Grace and Harri-
son, 1986; Yeo, 1964; Heinz, 2012; Lombardi et al.,

1997; Pojar and MacKinnon,1994; Sculthorpe 1967).

Besides being dispersed by wind, Typha seeds are
transported by water (Sculthorpe, 1967; Grace,
1984; Grace and Harrison, 1986; Hickman, 1993;
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Pojar and MacKinnon, 1994; Yeo, 1964). In addi-
tion, Typha seeds may be transported by substrate
movement (Pojar and MacKinnon, 1994), by birds
and livestock (State of Queensland, Department of
Agriculture and Fisheries, 2020), or by fish (Krat-
tinger, 1975).

As a result of the high production of small dias-
pores that are easily transported over long distanc-
es (of up to 3.6 km, according to Soons and Ozinga,
2005), new habitats are within easy reach (Heinz,
2012; Van der Valk and Davis, 1976). This suggests
that there are few dispersal problems.

If the fruits come into contact with water, the peri-
carp (Figure 9) opens and the seed is released and
sinks with the pointed, posterior part downward
(Grace and Harrison, 1986; Hickman, 1993; Yeo,
1964; Krattinger, 1975. After a drawdown of the
surface water level, Typha species germinate very
rapidly — within a few days - on mud flats and in
shallow water (Stewart et al., 1997; McNaughton,
1966; Clements, 2010).

T. latifolia and probably also other Typha species
build seed banks with very high seed densities
(Bakker et al., 1996). It appears that the major part
of the soil seed bank of T. latifolia, but probably also
of other Typha species, mainly consists of transient
and short-lived seeds (Poschlod and Jackel, 1993),
and a minor part of persistent seeds (Van der Valk
and Davis, 1976; Keddy and Reznicek, 1986).

Typha species germinate after a drawdown of

the surface water level on mud flats, open wa-
terlogged soils or in shallow water (Bedish, 1962;
Dubbe et al., 1988; Pratt et al., 1985; Sharma and
Gopal, 1978; Van der Valk and Davis, 1976; see also
section 4.2) or within open Typha stands (Sharma
and Gopal, 1978). According to Keddy and Reznicek
(1986), Typha species regenerate from buried
seeds in open gaps during low water periods after
prolonged high water periods.

3 CONCLUSIONS AND DISCUSSION

After germination, Typha species rapidly produce
large rhizomes (Yeo, 1964; Grace and Harrison,
1976; Grace and Wetzel, 1981a, 1982; Holm et al.,
1997; Wesson and Waring, 1969; Fiala, 1971, 1978).
Vegetative reproduction provides a mechanism for
short-distance dispersal (Grace and Wetzel, 1981a).

In conclusion, the attendance of persistent seeds
and the massive seed production, combined with
good dispersal capacities and rapid germination
enable Typha species to rapidly establish new hab-
itats. Thanks to rapid vegetative reproduction by
large rhizomes, Typha species colonise large areas
within a few years. All in all, the Typha species have
an enormous colonisation potential.

3.2 Water regime as a
conditioning factor

Once the Typha seedlings have been well estab-
lished, the plants can tolerate a much broader
range of abiotic conditions (McNaughton, 1966; see
section 3.1.4). This means that during the Typha
species life, the range of conditions required during
germination is much smaller and therefore deter-
mines the occurrence of T. latifolia and T. angusti-
folia first and foremost.

However, this leads to the question as to which
range of conditions is required for Typha species to
germinate. Both T. latifolia and T. angustifolia are
pioneer species, which means that they are capable
of colonising open areas that are not yet vegetated.
Furthermore, both Typha species are characteristic
of wet sites, which are inundated during a large
part of the year. T. latifolia occurs in somewhat
shallower water than T. angustifolia. According to
Grace and Wetzel (1982), in North America neither
species survives under normal conditions in water
deeper than 60-100 cm, and T. latifolia tends to be
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replaced by T. angustifolia in water deeper than 15
cm. In Europe, however, T. angustifolia may even
occur in open waters of 0.5 to 1.5 m deep, and
sometimes even deeper (Weeda et al., 1996).

Although many researchers only experimented
with a limited range of water depths, it is obvious
that germination of Typha species usually only
occurs in shallow water, although under controlled
conditions germination has been recorded at water
levels of up to 40 cm for T. angustifolia (Beule,
1979) and up to 20 cm for T. latifolia (Wilson, 1955),
although germination gave poorer results. The
range of optimum water levels for the germination
of T. latifolia varies between a groundwater table
around the soil surface and a surface water level
that does not exceed approximately 15 cm. Under
controlled conditions, maximum germination rates
were found at water depths of between 2.5 and 4
cm (Bedish, 1964; Beule, 1979; Grace, 1985; Heinz,
2012). Although germination is known at surface
water depths that exceed 10 cm and groundwater
tables lower than 15 cm below the soil surface,
seedlings which have germinated under these
conditions may well be too small to develop into
adult plants (Grace, 1985). The water regime re-
quirements of T. angustifolia seed germination are
less known. Based on the results of Beule (1979),
Dubbe et al. (1988), Heinz (2012) and Keddy and
Ellis (1985), it may be expected that this species
germinates at a water regime similar to that of T.
latifolia.

Oxygen-poor conditions — but not anaerobic
conditions — are a prerequisite for Typha spe-

cies germination (Morinaga, 1926b; Sifton 1959;
Bonnewell et al., 1983; Lang et al., 2014). In nature,
a gradual drawdown of the water level to the soil
surface often occurs, and it seems to favour ger-
mination and/or the growth of the seedlings (Pratt

et al., 1985) as long as water-saturated conditions
remain. Such conditions ensure the occurrence

of the required oxygen-poor conditions. Because
anaerobic conditions may already occur less than 2
cm below the surface of lake sediments (Mortimer,
1971) or arise due to prolonged flooding (Bedish,
1964), it is likely that the required low O, concen-
trations for the optimum germination of Typha
seeds occur near the surface of water-saturated
soil. This is consistent with the appearance of
seedlings on mud flats or in shallow water (Van der
Valk and Davis, 1976). Therefore, germination and
rejuvenation of Typha populations require a draw-
down of surface water levels to the soil surface or
a few centimetres above it (Bedish, 1964; Dubbe
et al., 1988; Pratt et al., 1985). The same is true

for other helophytes, such as Phragmites australis
(Weeda et al., 1994; Remmelzwaal and Verheule,
1999; Gucker, 2008b).

Like other small-seeded species with epigeal
germination, due to which the seedling is provid-
ed with only few resources, Typha seedlings need
to elongate rapidly and start photosynthesis to
support further development (Mayer and Poljak-
ov-Mayber, 1989). Indeed, the epigeal germination
initiates with the emergence of the photosynthe-
sising coleoptile (Lang, 1965) and cotyledon (Mayer
and Poljakov-Mayber, 1989).The dependency on

a rapid start of photosynthesis for further devel-
opment means that there must be sufficient light
(Meara, 1957). Hence, Typha seed germination is
light-sensitive as had already been suggested by
Guppy (1897), and which has been confirmed by
several other researchers (Morinaga, 1926a, 1926b;
Sifton, 1959; Bonnewell et al., 1983; Frankland

et al., 1987; Lombardi et al., 1997; Stewart et al.,
1997). Moreover, Stewart et al. (1997) showed that
seeds placed under subdued light germinated to

a lesser extent than those exposed to full sun-

3 CONCLUSIONS AND DISCUSSION
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light. Although Typha seedlings can develop small
floating leaves when inundated during or shortly
after germination (see Figure 16; Lang et al., 2014),
germination of Typha seeds is presumably prevent-
ed in water too deep for light penetration. Then,
Typha seedlings will not survive because the light
intensity, which is almost immediately required

for the seedlings to start their photosynthesis, is
insufficient. This is in agreement with findings by
Sharma and Gopal (1978) and Gopal and Shar-

ma (1983), who concluded that a minimum light
intensity is required for the seeds of T. elephantina
to germinate, and Sifton (1959), who showed that
the swelling of the aleurone grains — the first step
in germination - is much more rapid and vigorous
in white or yellow light than in darkness or in blue
light. Therefore, it is likely that the Typha species
germinate best in shallow open water (with a water
depth of up to 15 cm) or on very wet, water-satu-
rated soils (organic and/or open mud flats) after
drawdown of the surface water. Under this water
regime, the light supply is sufficient and does not
limit the development of Typha seedlings.

Under such a water regime, water and soil tem-
peratures may easily rise to high levels during the
daytime and drop to lower levels during the night.
Such an alternating temperature regime has been
proved to promote the germination of Typha seeds,
according to Morinaga (1926b), Lombardi et al.
(1997), Heinz (2012) and Lang et al. (2014). The
regimes with the highest germination percent-
age and/or rate mentioned by these researchers
range from 10/30°C, 10/32°C, 15/25°C, 15/32°C,
18/26°C and 20/30°C night (first digit) and diurnal
temperature. Sifton (1959), McNaughton (1966)
and Bonnewell et al. (1983) did not use fluctuating
day and night temperatures in their experiments,
but showed that germination was favoured by
high temperatures in the range of 25-35°C, where

35°C seemed somewhat too high compared to the
germination percentages at 25°C and 30°C, but still
much better than at lower temperatures of 15°C
and 10°C, at which less than 10% of seeds or no
seeds germinated, respectively. In deeper water
bodies it takes longer or is even impossible to reach
such high temperatures and such diurnal tempera-
ture alternations.

Ekstam and Forseby (1999) proposed that the
above-mentioned thermal requirements provide
the non-dormant seeds with a season-sensing
mechanism that postpones germination of seeds
dispersed during autumn, winter or early spring,
until the soil surface is heated by the sun in the
spring and sufficiently large diurnal fluctuations of
temperature occur. Furthermore, the amplitude
requirement implies a strong avoidance mechanism
for germination of Typha species in sites with small
temperature fluctuations, such as below deeper
surface water tables.

Therefore, the yearly water regime is a conditional
factor in Typha seed germination. It regulates the
required light, temperature and oxygen conditions
for germination.

3.3 Period of germination

The next question to answer is during which period
of the year the surface water level must drop to

the soil surface to promote germination. Lombardi
et al. (1997) reported germination in May. Hayden
(1948) mentioned late July and August as favour-
able months for germination. According to Beule,
(1979) seeds germinate under good conditions from
May to September. Clearly, from late spring until
the end of the summer the conditions are favoura-
ble: (i) there are high and largely alternating tem-
peratures; (ii) there is prolonged daylight of high in-

tensity (Bonnewell et al., 1983) and (iii) water levels
have dropped. Under such conditions, an endog-
enous biorhythm could favour seed germination,
whereas dormancy can be used as a mechanism to
prevent germination during unsuitable ecological
conditions when the probability of seedling survival
is low. This explains the results of McNaughton
(1968), who found that the temperature optimum
for germination of Typha species seed varied in
North America; seeds from southern climates had
lower temperature optima to germinate than seeds
from northern climates. If seeds from northern
populations germinated at low temperatures,
which prevail during fall, winter and early spring,
germination would be highly detrimental to seed-
ling survival. Moreover, a particularly early autumn
freeze or late spring freeze would result in the
elimination of inadequately established seedlings.
Hence, relatively high germination temperatures
of seeds from northern populations lead to a delay
in germination through the winter, and promote
germination and subsequent establishment during
the next growing season. The opposite is true for
seeds from the southern populations. Their ability
to germinate at lower temperatures prevents
damage to the seedlings by high temperatures and
dry conditions, as the species will have germinat-
ed and been established before the most adverse
conditions (heat, drought) become predominant in
the summer.

The moment of germination is also determined by
the time a seedling needs to develop into a plant
which is capable of surviving the next winter. If
the appropriate water level has been reached,
germination occurs very rapidly, within 5-10 days
(McNaughton, 1966; Stewart et al., 1997; Ekstam
and Forseby, 1999; Heinz, 2012); provided temper-
atures are favourable, 50% germination within 3
days after the beginning of germination is not un-

3 CONCLUSIONS AND DISCUSSION

common. Typha species are characterised by clonal
growth. Within a few weeks, once shoots are 35-45
cm tall (Holm et al., 1997), the newly established
Typha plants start producing large rhizomes from
which ramets (rhizomes with emerged leaves and
flowering structures) can grow (Grace and Wetzel,
1981a). Within one growing season, the rhizomes
may spread from 0.7 to a maximum of 3 m, cov-
ering an area of 3 to 16 m? (Yeo, 1964; Fiala, 1971,
1978; Holm et al., 1997). Fiala (1971, 1978) record-
ed the highest rates of the new shoot formation
during the growing season in the summer (July to
early August) and in the autumn (September to Oc-
tober), which corresponded with the two maxima
in the increments in rhizome biomass (Figure 39).
Dickerman and Wetzel (1985) found three shoot
emergence pulses during the growing season,
namely in early spring, in midsummer, and in late
summer/early autumn. The latest pulse produces
80-90% of the shoots that will resume growth in
spring. With this in mind, the Typha species have
the best opportunities to develop into robust plants
at sites where water levels drop to near to the soil
surface in May. Typha seedlings could also develop
into robust plants capable of overwintering when
they germinate at sites where an appropriate
water table has developed by the end of June or the
beginning of July at the latest. At such sites, the
seedlings can produce shoots and rhizomes twice
during the midsummer and late summer/early
autumn. It is mainly the shoots formed during the
latter period that will continue to grow in the next
growing season.

3.4 Waterchemistry

T. latifolia and T. angustifolia occur under a wide
range of water chemical conditions. Fresh water is
clearly the optimum habitat of both Typha species,
although they can also tolerate slightly brackish
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conditions (Crain et al., 2004; Weeda et al., 1994).
In fresh waters, they become the dominant species,
whereas in slightly brackish waters, this is never
the case (Crain et al., 2004). The absence of T. lat-
ifolia and the low cover of T. angustifolia in slightly
brackish waters is a consequence of the sensitivity
to low salinity during germination, which prevents
the colonisation of brackish habitats (Gucker,
2008a). Lombardi et al. (1997) regarded T. latifolia
as a glycophilic species (i.e. a species attracted to
fresh water), with an extreme sensitivity to varia-
tions in water body salinity, particularly during ger-
mination and early growth; this was based on their
experiments which showed that even the lowest
NaCl concentration was found to have an adverse
effect on germination and growth. Therefore, they
concluded that it is unlikely that the species colo-
nises brackish environments by seed. They stated
that it seemed more likely that the species propa-
gates and establishes itself by vegetative dispersal.

With regard to the pH-range, both species can
build a very species-poor and monotonous veg-
etation in a wide pH-range (Fasset and Calhoun,
1952; Millar, 1976; Weeda et al., 1994) from acid to
alkaline. T. angustifolia is most abundant in basic
waters (Fasset and Calhoun, 1952), whereas T.
latifolia is capable of building a dense plant cover
under moderately acidic conditions.

So far not much is known about the impact of
different nutrient levels on the germination of
Typha species. First of all, according to Morinaga
(19264, 1926b), oxygen-poor conditions seem to be
of larger importance to the germination percentage
than nitrogen levels. However, if oxygen-poor con-
ditions are present during germination — as might
be expected under natural conditions - nitrate will
enhance the germination of T. latifolia. Stewart

et al. (1997) showed that T. latifolia and T. domin-
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gensis germinated under a broad range of total
phosphorus levels, i.e. showing high percentages of
germination and a rapid germination (within a few
days). Miao et al. (2000) and Kéhn (2016) provided
evidence for the importance of total-phosphorus
levels on the expansion and germination of Typha
species, respectively. They showed that under
higher phosphate concentrations, Typha species
exhibited a better growth and a higher germination
percentage. Whether or not the nitrate content of
the soil is of great importance needs to be further
researched. However, this seems unlikely, as Typha
species require hypoxic conditions for their germi-
nation, and under such conditions toxic ammonia
predominates nitrate as nitrogen source, and phos-
phate availability is increased (Patrick and Khalid,
1974). Toxicity of ammonia is reflected in (i) a neg-
ative impact on the root growth, (ii) the emergence
of chlorosis of leaves, and (iii) the very rapid (within
a few hours) reduction of assimilation (Haynes and
Goh, 1978; Schenk and Wehrmann, 1979).

3.5 Allelopathy, light limitation
and tubificid activities

The results of Sharma and Gopal (1978) and Grace
(1983) suggest that the non-germinability of seeds
in nature in and near a dense vegetation of Typha
species must be attributed to the absence of eco-
logical conditions favourable to germination, rather
than to allelopathic effects. According to Lombardi
et al. (1997), seeds thus "avoid the risk of germina-
tion if they are buried or shaded by other vegeta-
tion.” The light sensitivity of both the germination
process and the seedlings explains this non-ger-
minability of seeds in nature; the light conditions
in and near a dense Typha vegetation are unsat-
isfactory (Sharma and Gopal, 1978). Bonnewell et
al. (1983) and Lombardi et al. (1977) hypothesised
that phytochrome triggers the germination of
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Typha species. They based their hypothesis on
their finding that germination also depended on
the sum of light hours to which seeds are exposed,
and on the cumulative number of dark hours that
neutralise a previous light-derived positive ger-
mination impulse. For instance, the plant pigment
phytochrome regulates the day and night rhythm
(circadian rhythm) of the plant, causing growth to
the light as well as elongation of seedlings when
the plant becomes shaded. Due to phytochrome
functioning, the small-seeded Typha species avoid
the risks of ongoing elongation, which would cause
exhaustion of the seedlings’ limited resources
under light-limited conditions during germination
and seedling growth. This implies that the light
requirement for Typha seed germination is not only
determined by light intensity (the energy) but also
by its duration. This confirms the findings of many
other studies, which have shown that Typha seeds
require light to germinate (Frankland et al., 1987;
Guppy, 1897, Morinaga, 1926a, 1926b; Sifton, 1959;
Stewart et al.,1997).

Furthermore, Gopal and Sharma (1983) hypothe-
sised that blue light inhibition of seed germination
might be a survival strategy of T. domingensis un-
der unfavourable conditions of submergence of the
seeds. The light intensity at ground level in dense
Typha stands is low (Sharma, 1977; in Gopal and
Sharma, 1983), varying between 50 and 200 lux.
According to Gopal and Sharma (1983), “in nature
the turbidity of water and cover from other vegeta-
tion or dead leaves might even further reduce the

light intensity. The longer wavelengths of light will
be filtered out by the canopy and, therefore, more
blue light will penetrate to the ground level. The
same appears in open water, in which the deeper
layers are rich in blue light, whereas red light is
absorbed in the upper layers. This means that the
seeds falling on the surface of deeper water bodies
and settling down to the sediments will fail to
germinate due to blue light inhibition, even if water
is clear. When the water level drops, the availability
of yellow and red light will allow germination.” As
at least a part of the seed bank of Typha species is
persistent, blue light inhibition (and inhibition by
darkness) is a strategy of these species to sur-

vive lasting unfavourable light conditions in the
subaqueous soil layer or in deeper water bodies.
Nevertheless, the non-germinability of seeds under
dark or strongly shaded conditions contributes to
the origin of a (moderately) persistent soil seed
bank. A 3 mm deep layer which covers the Typha
seeds may already cause unfavourable light con-
ditions for germination (Grace, 1984). The burial

of the very small Typha seeds (1-1.5 mm long) is
promoted by tubificid activities (Grace, 1984). They
mix as much as the upper 15 cm of sediment, which
impedes germination, not only due to a lack of light,
but also as a consequence of an increased redox
potential of the upper sediments and a deepening
of the oxidised layer (> 200 mV; Davis, 1974). The
larger impact of oxygen hinders the germination of
Typha seeds, which require low oxygen conditions
for germination.

4.1 Points of attention and
requirements for sowing

Dubbe et al. (1988) attributed the highly variable
germination and seedling survival rates after sow-
ing Typha in the open to the sensitivity of cattail
seed germination and development to environmen-
tal factors. For this reason, this desk study aimed
at gaining knowledge of these factors and the way
they affect the germination of Typha seeds and
their establishment. According to the results of this

study, the seeding of Typha species sets the follow-
ing preconditions:

1.

Typha latifolia and Typha angustifolia seeds can
be easily harvested from large monospecific
natural stands with reasonable certainty that
no infertile fruits of the hybrid Typha x glauca
are collected. It is important to harvest the
staminate stalks before they dry and blow away
(Stevens and Hoag, 2003).

No special pre-treatment is required for the
germination of T. latifolia and T. angustifolia
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Figure 42. The invention
which causes Typha
seeds to sink without
losing their germination
capability (Wilton, D.,
1951).
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seeds. A cold period is not required for germi-
nation. Rather than dormancy, Typha species
have an alternate system which prevents pre-
mature germination (McNaughton, 1966).
The best time for sowing is in June and July,
under conditions of diurnal temperature dif-
ferences between day (25 °C) and night (10 °C)
(Dubbe et al., 1988).

Establishing Typha stands from seed requires
mimicking the field conditions seen in natural
marsh drawdown in order to meet the physio-
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logical requirements for seed germination and
development (Dubbe et al., 1988). The surface
water regime largely determines seed germi-
nation, both the beginning, the rate and the
extent. The surface water regime must be such
that at the beginning of June the water level is
only a few centimetres above the soil surface.
This is the recommended time for sowing.
When after approximately three weeks a grad-
ual drop towards the soil surface has occurred,
massive germination will appear on the mud

flats thus formed. As mudflats only exist for a
short time, fast germination gives an essential
advantage (Grace, 1987). This water regime
provides the required light, temperature and re-
duced oxygen conditions for germination. Once
plants are well established, they can tolerate a
much broader range of conditions (McNaught-
on, 1966; Grace, 1984).
T. angustifolia grows in deeper waters than T.
latifolia. Consequently, the drop of the surface
water table and the development of mud flats
will occur later in the season. The time of sow-
ing must be adjusted accordingly.
If an existing water regime is unsatisfactory for
the germination and subsequent establishment
of Typha species, hydrological measures should
be carried out aimed at an adequate water re-
gime. Dubbe et al. (1998) advise estimating the
water use by Typha species of potential Typha
production sites. At sites where infiltration and
evapotranspiration exceed the supply of water
by rainfall, seepage, or horizontal water trans-
port, water tables will not stay at or near the
soil surface during the summer period. Then,
(costly) irrigation will be required to maintain
such water tables. It is advisable to calculate
the cost of this prior to the beginning of the
cultivation of the Typha species.
Sowing on bare mud flats may be technically
easier than in shallow open water, although
there is insufficient practical information about
the mechanical sowing of Typha seeds. The
rupture of the seed coat results in much higher
germination rates than during the natural ger-
mination process (see section 3.4.2). Hence, the
sowing of ruptured seeds on water-saturated
mud flats may be an alternative to sowing in
shallow water.
Dubbe et al. (1988) advise keeping the hairs of
the seed intact when sowing in flooded or sat-

10.

3 CONCLUSIONS AND DISCUSSION

urated conditions. In such conditions, germina-
tion and survival are higher when the hairs are
left intact, possibly because the hairs prevent
the tiny seed from being buried in the mud.
However, due to these hairs, the seeds can
continue to float and clog by wind and water
movements, which causes spatially uneven ger-
mination. As early as in 1959, a way was found
to prevent this and to cause them to sink, and
this invention was patented in the USA in 1961.
(Figure 42; Wilton, 1951).
If the very small Typha seeds (1-1.5 mm long)
are seeded in deeper water, they may easily be
buried by tubificids or by sediment movement
due to wave action, which causes an increase
in the redox potential of the upper sediments.
This will negatively influence the germination
of Typha seeds, which are known to favour low
oxygen conditions for germination (see section
3.5.7). Moreover, darker conditions also are
unfavourable to their germination (see section
3.4.3).
Hydroseeding might give the seedlings an
advantage over weed competitors, but once
applied, the seedlings must have a narrowly
defined environment for continued growth in
the following month (Dubbe et al., 1988). Al-
though these conditions have not been properly
described, it is clear that permanent water-sat-
urated conditions are necessary during July,
August and September. The most important
growth occurs during the first growing season.
At this time, the winter buds will be formed,
from which the plant will sprout next year (see
section 3.5). After the shoots have grown high
enough (> 0.5 m), a gradual inundation and
increase in surface water levels of the mud flats
may occur again. To exclude competition with
aquatic annuals, drawdowns in early spring and
subsequent shallow flooding during summer

65



THE GERMINATION OF TYPHA SPECIES — IMPLICATIONS FOR PALUDICULTURE. A LITERATURE RESEARCH

66

11.

12.

13.

should be prevented (Sojda and Soldberg,
1993).

T. latifolia can be sown in a wide pH-range at
sites varying from moderately acidic to alka-
line conditions, while seeding of T. angustifolia
should be restricted to basic waters (sub-neu-
tral to alkaline sites).

Both T. latifolia and T. latifolia are characteristic
of eutrophic conditions. Therefore, their seed-
ing and their cultivation should be limited to
such environments. Fertilisation before sowing
must be discouraged. Although it may increase
yields, fertilisation frequently results in exten-
sive algal blooms which have been shown to
shade and subsequently kill the young seedlings
(Dubbe et al., 1988).

Typha germination on previously drained and
agriculturally used grasslands could be favoured
if they were sod cut prior to re-wetting. In this
way an open, bare environment will be created,
with sufficient light conditions for germination
of the Typha seeds. However, this is an expen-
sive measure, while the experience in the An-

klammer Stadbruch shows that after extensive
flooding of such grasslands within a few years
a vast vegetation of T. latifolia develops (pers.
obs.).

14. Established vegetation can inhibit germination
and establishment by reducing light intensity,
altering light quality, reducing temperature
fluctuations (Morinaga, 1926a; Sifton, 1959),
and releasing allelochemic inhibitors, although
allelopathy appears to be of little significance
(see section 3.4.11). Therefore, it is recom-
mended to sow in existing Typha vegetation
only when large gaps in the existing vegetation
have arisen.

Finally, we would like to consider the rapid de-
velopment of drone techniques. Perhaps these
offer alternatives to sowing from land. It is then
not necessary to drive on wet land with (heavy)
machines. However, it does not alter the fact that
seed accumulation due to wind or water movement
must be prevented.
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Paludiculture, or the agricultural and silvi-
cultural use of wet and rewetted peatlands,
might be an important contribution to climate
proof agriculture and forestry. These wetlands
can remain productive in an alternative way
without the negative effects of drainage such
as biodiversity loss, peat soil degradation and
subsidence, increased greenhouse gas emis-
sions and catastrophic peat fires. Cattail (Typha)
is one of the economically valuable crops that
can be cultivated in paludiculture and used, for
example, as building material for insulation, for
energy generation, and for wastewater treat-
ment in constructed wetlands. Since planting
Typha is expensive, sowing is seen as an effi-
cient alternative, but germination and seedling
survival rates are highly variable. This book
reviews the existing scientific literature on the
environmental factors affecting the germination
of Typha species and discusses the implications
for paludiculture.
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