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Foreword

When surveys of useful plants are published, ferns and fern allies (pterido-
phytes) are not usually or only very rarely mentioned and if so, they are attrib-
uted ornamental value. As can be learnt from this volume, however, the uses of
ferns and fern allies comprise almost all uses that are known for seed plants.
Uses of fruits and seeds are excepted of course, because pteridophytes do not
reproduce by seed but by spores.

In addition to the ornamental value which most ferns possess, numerous ferns
are also used in traditional medicine and many ferns are used as food, e.g. the
starch accumulated in the rhizome, the young leaves (croziers) as a vegetable,
the salt remaining after burning is used for flavouring and several ferns are
valuable as fodder, green manure and fibre, tree ferns for timber, large leaved
ferns for thatching. Contemporary developments have engendered applications
guch as mosquito control, energy production, decontamination of waste water
and soils and as a prophylactic against nerve gases.

The economic value of ferns and fern allies is difficult to estimate because sta-
tistics hardly exist. For ornamental ferns, including live plants and cut foliage,
the annual trade value is estimated at about 200 million USS. Pteridophytes
used in herhbal medicine constitute a considerable trade volume because they
are supplied to numerous consumers. Scientific knowledge about the pharma-
cological properties of medicinal ferns is by no means complete, hut the re-
search interest is growing. Several pteridophytes contain promising com-
pounds (alkaloids, phenols} and it can only be hoped that this publication may
contribute towards stimulating further research. Ferns as food really do have
potential but here also more research is needed, not only to improve palatabili-
ty but also to find reliable methods to take promising species into cultivation to
create a more constant supply.

South-East Asia with its more than 4000 pteridophyte species could play an
important role in developing a sustainable fern market. It is hoped that this
volume, which contains up-to-date information on more than 100 species, will
contribute to a better understanding of this underestimated group of plants
and that it will stimulate research in many directions in order to guarantee
maintenance of the rich genetic diversity alongside sustainable exploitation of
this group of beautiful plants.

January, 2003

Professor Aprilani Soegiarto

Chairman of the Prozea Board of Trustees
Jakarta, Indonesia



1 Introduction

1.1 Definition and diversity
1.1.1 Pteridophytes (Pteridophyta)

Within the vascular plants, the pteridophytes constitute the third major group
besides the angiosperms (flowering plants) and the gymnosperms {which in-
cludes the conifers and the cycads). The pteridophytes are apparently charac-
terized by a negative character, namely the lack of flowers and seeds of even
the simplest kind. Instead, they reproduce by means of spores, single, unfertil-
ized cells designed to be dispersed and give rise to an alternating generation of
completely different and much simpler plants, the prothalli. In section 1.4.3
this will be described by some detail. Four classes of pteridophytes are distin-
guished, which are briefly introduced below (see also Figure 1).

Ferns { Pteropsida)

Ferns are the best known and dominant class, both in number of species and in
number of individuals. They are characterized within the pteridophytes by
their large leaves. Their often delicately divided leaves frequently shun direct
sunlight and dominate the aspect of many forests. One family excepted
(Ophioglossaceae), they all can be easily determined as ferns by the young
leaves that burgeon curled up spirally, not without reason often compared with
the top end of a violin (fiddle-head), or a bishop’s staff (crozier).

Clubmosses and related families (Lycopsida)

The clubmosses and related families constitute a second class. They have small
leaves (cylindrical and rush-like in one family) with the sporangia borne in the
leaf-axils, The clubmosses and the spikemosses are the better known members
of this class. The unsuspecting observer will often take them for mosses,
though they are generally coarser and sturdier. Some scrambling species may
attain a length of several metres with solid, cord-like main axes. The clubmoss-
es as a rule do not compete well with modern plants and they are mostly found
in niche habitats as epiphytic, epilithic and terrestrially growing species in
mountain heaths. The spikemosses on the other hand are, at least in the Asian
tropics, predominantly found in the shade of the forest floor or as low epi-
phytes. The third member family of this class, the grass-like aquatic quill-
worts, has few species in tropical South-East Asia, and all are very rare. Most
representatives are found in clear mountain lakes and rivers.
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Figure 1. Representatives of the main groups within the Pteridophyta — 1, a fern (Adi-
antum capillus-veneris L.); 2, a clubmoss (Huperzia monticola Underw. & F.E. Lloyd); 3,
a spike moss (Selaginella opaca Warb.); 4, a whisk fern (Psilotum nudum L.); 5, a quill-
wort (Isoéies philippinensis Merryl & Perry); 6, a horsetail (Equisetum ramosissimum
Desf.).
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Horsetails (Sphenopsida)

Horsetails are characterized by the stems, consisting of distinet nodes, with
more or less conspicuous vertical ridges. The stems may bear whorls of branch-
es, each a little below a sheath of much reduced leaves. The sporangia are
borne on sporangiophores, which are arranged in strobili (spikes). Usually
there is a single strobilus at the top of the stem, but additional ones may devel-
op at the top of the branches. In some species (not in South-East Asia) the
spike-bearing stems are pale without chlorophyll, thicker and of softer texture
than the sterile stems. Generally they are found on rather moist soils. They
vary in size from 10 cm up to 12 in tall and to 2.5 cm in diameter, and in grow-
ing habit from insignificant to aggressively invasive.

Whisk ferns (Psilopsida)

Of the vascular plants, the members of the whisk ferns have the least complex
organization. The plants consist of (sparsely or profusely) dichotomously
branched axes, arising from a subterranean rhizome. The rhizome is rootless,
and this is a unique feature of whisk ferns among all vascular plants. Two gen-
era have representatives in South-East Asia, which grow as epiphytes, or ter-
restrially in humus-rich soil or mounds of humus.

1.1.2 Choice of species

Contrary to most Prosea volumes, the present volume does not focus on a spe-
cific commodity, but rather on a taxonomically specified group of plants. The
criteria for including species therefore had to be reformulated as not every one
of the thousands of pteridophyte species has been recognized as a valuable re-
source to humans. Hence, the criterion for selection for this volume is whether
any mention is made in the literature of the use of a species occurring in South-
East Asia. One exception was made, however, for the use as an ornamental. Al-
though their popularity has fluctuated, for the last centuries ferns have ap-
pealed to many gardeners and indoor-plant lovers for their delicate shapes and
exotic allure. Virtually any kind of fern that can be found, transplanted or re-
produced and kept alive has found a use as an ornamental somewhere, though
not often on a large scale. To avoid a pointless enumeration of species for which
only incidental interest has been shown, only those ornamental species that
have become commercially important are included in Chapter 2.

Mosses are not vascular plants and they do not belong to the pteridophytes.
However, the very few moss species covered by Prosea do not justify a separate
subvolume and therefore they have been included in this subvolume in Chap-
ter 3.

1.1.3 Origin and geographic distribution
The species diversity of a region, expressed as the number of species, varies

from almost none in polar and arid regions and isolated islands to as many as
2000 in New Guinea. The highest diversity of pteridophyte species is found at
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lower latitudes, but even in the tropies, highly diverse regions are paralleled by
very poor areas. By far the most diverse areas are the tropical mountains. At a
rough estimate, 65% of the pteridophyte species are found in the wet tropies in
areas without a marked dry period. The taxonomic diversity of the tropics is
furthermore expressed by large numbers of genera and families, many of which
do not oceur in more temperate regions.

Some 4400 pteridophyte species are known from South-East Asia. At present,
worldwide 10 500-11 300 species have been described, a number that is expect-
ed to increase to about 12 000-15 000 {Roos, 1996). The region therefore ranks
amongst the world’s richest fern floras. Other regions with high pteridophyte
diversity include the western American mountain ranges from southern Mexi-
co to Bolivia, south-eastern Brazil and Madagascar. Remarkably, intermittent
regions such as Amazonia, continental Africa and the Indian subcontinent are
much less diverse {Tryon, 1986).

Some 30% of the fern species have relatively small ranges and some of them
even are limited to a single mountain. Less than 10% of the species have very
wide to cosmopolitan ranges, while the bracken (Pteridium aquilinum (L.)
Kuhn) is ranked among the top ten most abundant vascular plants of the world.
Homosporous ferns all have a nearly equivalent capacity for dispersal and mi-
gration. Estimates of the annual spore production of an individual fern range,
depending on the species and size, from 100 000 to 3 billion. A single spore can,
by self-fertilization, give rise to an adult sporophyte. Evidence from floras of
oceanic islands shows that 800 km distance is not a significant barrier to the
migration of a fern flora (Tryon, 1986). Still geographic barriers do exist. Sever-
al fern species have naturalized after deliberate or inadvertent introduction by
humans, sometimes with detrimental effects to the indigenous vegetation.
Large intermittent areas without suitable habitats, such as deserts and oceans,
can effectively block the expansion of a species’ distribution. High mountain
ranges also seem difficult to pass.

Nevertheless, the differences in species ranges must be based on the ecology of
the environment rather than dispersal. The ecological flexibility of the various
life stages of a fern (spore germination, gametophyte, sporophyte) may vary
considerably. Thus long-living sporophytes may persist in areas where they
can no longer reproduce sexually. This makes it hard to explain the observed
specles ranges.

Most fern families have wide distributions and only a few of the smaller ones
are confined to South-East Asia and northern Australia, for example Cheiro-
pleuriaceae, Dipteridaceae and Matoniaceae. While several genera have repre-
sentatives in a limited region only, many others have a circumglobal distribu-
tion. This is explained partly by their great age. During the tens to hundreds of
millions of years of their existence they have had oppertunities to cross the bar-
riers raised by the oceans which, in past eras, were narrower than they are
nowadays. The oldest genera even preceded the disintegration of the Triassic
Pangea into the predecessors of the present continents.

1.2 Importance of ferns and fern allies

Pteridophytes are not normally thought of as useful plants. Good (1933) puts it
straight from the shoulder: ‘the pteridophytes (ferns and their allies) are also
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relatively useless’. The best he could make of them are their dead remains
amassed as coal to be used as fuel. The world’s coal deposits originate from vast
pteridophyte forests that lived during the carboniferous era, before the onset of
seed plants. No vast fortunes are to be made from the cultivation of any of the
species and the only occasion the general population is likely to take notice is
when a fern becomes an aggressive and successful weed. Nevertheless, agricul-
tural societies dependent on what the land can offer them have appreciated the
value of ferns more keenly. May (1978) published a review of the uses of pteri-
dophytes throughout the world, listing over 100 applications of various fern
species. Ferns are found to provide food, medicine, fibve, craft and building ma-
terial, abrasives and of course decoration (Croft, 1985).

Table 1 shows a survey of primary and secondary uses of the described species
and genera in this volume. Uncertainty exists as to what extent reported uses
still continue, Throughout this subvolume the information compiled is often
based on literature sources that are over 50 years old (e.g. Burkill, 1935;
Heyne, 1927; Ochge, 1931; Quisumbing, 1951). Often no indications were avail-
able that the cited uses still continue to be practised into present times. In
these cases it has been decided to use the past tense, although recent applica-
tions could not be ruled out and, as incidental experiences suggest, present day
applications might still be very much the same.

1.2.1 Food
Starch

Several fern species store starch as a reserve, especially in the rhizome. In the
past these ferns served as an supplementary food source or to produce alcohol.
However, due to the low quantity and quality of the starch, this habit has
nowadays been largely abandoned. Species treated within this volume that
have served as source of starch include Angiopteris evecta (G. Forst.) Hoffm.,
Cibotium barometz (L) J. Smith, Cyathea spp. and Pteridium aquilinum (L.)
Kuhn.

Vegetables

Many fern species have been recognized as having leaves that can be eaten as a
vegetable. Some of them have an exquisite taste and are sold as a delicacy. Es-
pecially the young leaves that are still curled (croziers) or partly curled are con-
sumed. When the leaves mature, the increasing concentrations of certain chemi-
cal constituents such as alkaloids, damage the taste and in some species may
eventually impose adverse health effects upon the consumer. The older leaves
also become unpalatable as a result of the build-up of structural material.

The ferns most commonly used as a vegetable in South-East Asia are the ‘green
fern’ Diplazium esculentum (Retz.) Swartz and the ‘red fern’ Stenochlaena
palustris (Burm.f)) Bedd. The way in which they are prepared varies in accor-
dance with the cool’s preference from salad to steamed, boiled, or fried.

In an experiment in the Philippines cooked fiddleheads of the following ferns
have been tried as a vegetable or as a component of a stew: Acrostichum au-
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Table 1. Primary (@} and secondary {e) uses of the treated species and genera.
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Table 1. Continued.
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rewm L., Angiopteris evecta (G. Forst.) Hoffm., Blechnum orientale L., Cyathea
contaminans (Wall. ex Hook.} Copel., Diplazium esculentum, Nephrolepis hir-
sutula (G. Forst.) C. Presl, Pleocnemia irregularis (C. Presl) Holttum, Pteris en-
siformis Burm.f. and Stenochloena palustris (Burm.f.) Bedd.). Diplazium escu-
lentum was found to be the most palatable. Other factors determining the suit-
ability of fern fronds as vegetables include the production rate of new leaves,
and the availability of young fronds throughout the year. There have been
some experiments to bring Diplazium into cultivation, but up till now most if
not all of the supply to the markets is harvested from the wild.

Flavourings

Remarkably many fern species accumulate metal salts from the soil in which
they root. For a few species, in areas with difficult access to other sources of
salt, this has led to a use that involved burning the fern down to their ash,
which is rich in salt. The ash is strewn on cooked food before consumption, or
mixed with water and drunk. The salt, like most other vegetable salts, is high-
er in potassium content than common salt.

1.2.2 Medicine

The most common use, in terms of the number of species involved, is medicinal.
Most records are based on uses in traditional medicine. A number of species
were described in pharmacopoeias many centuries ago and have been continu-
ously used in herbal medicine ever gince. No pteridophytes are used at present
as a source of {(western) pharmaceutical compounds, though of some the con-
stituents are being synthesized.

In the past doubt has been expressed as to whether the supposed medicinal
value of ferns is due to their properties and that they should be attributed to
the psychological and placebo-effect (Croft, 1999). It is noteworthy, however,
that the same or related fern species have found similar medicinal applications
even on different continents. Furthermore, in several cases laboratory research
has revealed biological activities of fern extracts that could account for the
medicinal uses in traditional and herbal medicine.

Traditional medicines are often prescribed for internal use as decoctions of in-
fusions. Both preparation processes are water based, but lipophylic solvents
such as ethanol often extract other pharmacologically active compounds, such
as antibiotics, that are not or hardly present in the aqueous solutions (Kelman-
son et al., 2000). Extraction with wine, as is practised in old European herbals,
is not commonly done in tropical South-East Asia.

Currently, most research efforts on the efficacy of pteridophytes as medicines,
or as a constituent of formulations, are concentrated around Chinese herbal
medicine (CHM, also known as TCM or traditional Chinese medicine). CHM
has always been used by the Chinese communities in South-East Asia, and
nowadays also by an increasing number of others, as an alternative or in addi-
tion to pharmaceutical medicine. Integration of CHM and pharmaceutical med-
icine has only recently started to come to fruition, due to differences in philoso-
phies, research standards and the inaccessibility of the Chinese literature.
Claims by CHM about remedies for diseases that still present unanswered
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challenges to pharmaceutical medicine {e.g. see Selaginella Pal. Beauv. uses
for cancer and Huperzia serrata (Thunb. ex Murray) Trevis. for Alzheimer)
have led to increased interest in ethnobotany and research into herbal medi-
cine.

1.2.3 Structural materials

The trunk of tree ferns is sometimes used as instant construction material for
bridges and fences. The fibrous material is resistant to decay and long-lasting.
In some areas it is used for the construction of houses too, but possibly only
where tree ferns are plentiful and other suitable timber is scarce. The stem can
be cut into sections of the desired dimensions, polished and then made into vas-
es, pencil holders and umbrella holders, or split and the harder portion used for
inlaying or making fancy boxes and frames.

Fibrous splints can be obhtained from the petioles and rachises of various
species, and these are used for making ropes and wickerwork. Especially Ly-
godium Swartz is still a popular material and apart from products for personal
use such as cases, belts and baskets, items are produced for the handicraft and
tourist industry.

1.2.4 Ornamentals

Most ferns can be kept as ornamentals as long as adequate care is provided.
Before introducing a species as an ornamental some key factors must be con-
sidered that may influence its commercial success. These factors comprise a
combination of characters that make a fern attractive to the customers and
properties that are important to the commercial growers.

Currently successful ornamental fern species have the following common char-
acteristics: closely placed fronds which give them a full foliage look, symmetry
in overall outline, small to medium size, an evergreen habit and at least one
unusual characteristic that makes them special, e.g. colour, texture, or shape.
Moreover, they should be able to stand adverse cultural conditions and not too
sensitive to relative humidity or temperature when marketed for indoor use, or
they need to be inexpensive enough to be disposable.

Commercial nurseries demand species that are inexpensive to produce and de-
liver to the market. Fast-growing species are preferred, such as those that can
be reproduced by spores or mass vegetative cloning (tissue culture). The ferns
should be resistant to measures to control diseases and pests. Finally they
should not easily be damaged during transport from the grower to the market
{Hoshizaki, 1992),

When evaluating a fern species for ornamental use one should bear in mind the
great variation in climate between the various international markets. Qutdoor
horticultural markets range from cool temperate to tropical with various
regimes of precipitation and relative humidity. Ferns for indoor use may not be
expected to experience so much variation in temperature, but relative humidity
will be different in e.g. centrally-heated buildings in northern temperate areas
and air-conditioned or open constructions in warmer zones.

South-East Asia has been the origin of several commercially interesting orna-
mental fern species. Platvcerium bifurcatum {(Cav.) C. Chr. and Asplenium
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nidus L. have become rather important products. Without doubt, other species
could also be developed, although it is questionable whether growers within the
South-East Asian region are able to compete on the international markets due
to transport costs and plant-hygiene import restrictions, For local markets
ferns are often gathered from the forest, Most of these are common and can be
collected in quantity without endangering the species, but locally there may be
adverse impacts on the forest diversity.

1.2.5 Other uses

Ferns have traditionally been used for various other purposes. The decorative
values of ferns and their allies have invited their use for personal decoration,
either casually or for ceremonial occasions. Especially fibrous species (Dicra-
nopterts Bernh., Lygodium Swartz) or those that form long, flexible strings that
can be interwoven without breaking (Selaginella Pal. Beauv., Lycopodium L.)
are suitable for this purpose. Houses and ceremonial places were also decorat-
ed with ferns, either by adorning them on purpose, or by just allowing ferns to
remain where they appeared spontaneously.

Ferns have also found a place in rituals and magic. Leaves of Nephrolepis
Schott were placed among the bones of deceased close relatives at death cere-
monies in New Guinea. Magical properties were attributed to Blechnum orien-
tale L., Drynaria (Bory) J. Smith and Hemionitis arifolia (Burm.f.) T. Moore.
The rough surface of horsetails, caused by fine crystals of silica on their stem
surface, found a special use as a scouring and smoothing aid. The sandpaper-
like qualities of Equisetum ramosissimum Desf. have led to its use in shaping
and smoothing tools, ornaments and weapons, but is also acknowledged to be
useful for cleaning pans and other cooking utensils.

Although many of the traditional uses have been abandoned and replaced by
modern materials, nevertheless new applications still arise. Ferns frequently
are the subject of various fields of scientific research. Modern uses include
widely differing applications such as sewage water treatment, hydrogen pro-
duction, gold prospecting, composting and the development of new pharmaceu-
tical products.

1.2.6 Economic aspects

The annual trade value of ornamental and cut foliage ferns is estimated at
150-300 million US$. Despite this considerable amount, statistics on the global
fern production and trade are not easily obtained as auction sales are moni-
tored by regional offices and rarely published in national censuses. Conse-
quently, the economic facts and figures presented hete do not offer a coherent
view of the economic role of the fern trade.

In the Netherlands the most traded ferns are Nephrolepis, Asplenium and Adi-
antum. In 1997, 12 million Nephrolepis plants were produced by tissue culture.
Still, a substantial part of the propagation is achieved by means of spores, or by
taking cuttings (especially of Selaginella). Originally, the tissue-culture labora-
tories were mainly found in western Europe, but at present the sector is ex-
panding to eastern Europe (Poland) and Asia (Sri Lanka, Indonesia) (Vidalie,
2000).
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In Florida (United States) fern production in 1996 amounted to a wholesale val-
ue of 97 million US$. The total production of leatherleaf fern (Ruhmora) in the
United States in 1997 was 60 million US$, with a production area of 1750 ha.

In 1999 Japan imported cut stems worth 4 billion yen, which for a substantial
part were ferns from China, the United States and Costa Rica. Cut flowers and
ferns are the third ranking agricultural export commodity in Costa Rica, fol-
lowing bananas and coffee. The main obstacle to Costa Rican flower and fern
exporters is the infrastructure, which is inadequate for rapid transport abroad.
The primary market for Costa Rican ferns is the European Union {mostly The
Netherlands and Germany). In 1995 the total export value for ferns was about
50 million US$, with a vearly growth of 10-20%.

Ferns may also play a role in the local economy. Little is known about the im-
pact of diffuse markets, such as represented by the readside booths selling or-
namentals, either collected from the wild or propagated in artisanal gardens.
The use of traditional medicine may involve both economic and logistic factors.
Occasionally, local economies specialize in ferns. In the State of Rio Grande do
Sul (Brazil) Rumohra adiantiformis (G. Forst.} Ching is abundant in early
stages of degraded forest areas. In meeting the demand from flower shops, this
gpecies has been heavily exploited since 1970s, and has become the major
source of income for an estimated 3000 families in the Brazilian Mata Atlanti-
ca Biosphere Reserve (Elisabetsky & Coelho de Souza, 2001).

Pteridophytes used in herbal medicine must constitute a considerable trade
volume, as they are supplied to a consumer market worth billions of dollars.
However, as far as is known neither the production nor the trade flows are be-
ing monitored.,

1.3 Properties

Many pteridophytes exhibit relatively slow growth while preferring conditions
that would normally be considered unhealthy from a phytopathological point of
view. Nevertheless, indications of damage caused by fungi or invertebrate her-
bivores are rare. A diverse phytochemical armament of widely differing degrees
and types, including antibiotics, which is taxonomically widespread among the
pteridophytes, is probably the most effective and widespread strategy in pro-
moting direct vegetative survival. However, little is yet understood about
which substances are employed to achieve effective defence and exactly what
they are targeted against (Page, 2002). Not only the sporophytes are armed
with a load of repellents, but also the gametophytes and even the spores. In
ferns occur chemically unusual intra-cellular cements that bind cells together,
different from those of spermatophytes (Manton, 1950). They may be indigesti-
ble to those animals with an HCl-mediated digestive tract.

The wide molecular diversity of secondary metabolites throughout the plant
kingdom represents an extremely rich biogenic resource for the discovery of
novel drugs and for developing innovative drugs. Not only do plant species
vield raw material for useful compounds, the molecular biology and biochem-
istry provide pointers for rational drug development. Many of the compounds
found in pteridophytes fall into two groups, the alkaloids and the phenols.
Some important groups with their most impoertant classes are briefly summa-
rized below {(abridged from from de Padua et al., 1999).
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1.3.1 Alkaloids

The term ‘alkaloid’ is used here for plant-derived compounds containing one or
more nitrogen atoms (usually in a heterocyclic ring) and usually having a
marked physiological action on humans or animals. Alkaloids in plants are be-
lieved to be waste products and a nitrogen source. They are thought to play a
role in plant protection and germination and to be plant growth stimulants.
Alkaloids are especially common in lycopods. Many alkaloids are pharmaceuti-
cally significant, e.g. huperzine A, a reversible inhibitor of the enzyme acetyl-
cholinesterase, that is involved in the breakdown of the neurotransmitter ace-
tylcholine.

1.3.2 Phenols and phenolic glycosides

Phenols probably constitute the largest group of secondary plant metabolites.
They range from simple structures with one aromatic ring to complex polymers
such as tannins and lignins. Examples of phenolic classes include tannins,
coumarins and their glycosides, quinones, flavoneids, lignans and related com-
pounds.

Tannins

The chemistry of tannins is complex. Tannins are able to react with proteins.
On being treated with a tannin, a hide absorbs the stain and is protected
against putrefaction, therehy being converted into leather (for more informa-
tion, see Lemmens & Wulijarni-Soetjipto, 1992). Though tannins are wide-
spread in plants, their role in plants is still unclear. They may be an effective
defence against herbivores, but it is likely that their major role in evolution has
heen to protect plants against fungal and bacterial attack. The high concentra-
tions of tannins in the non-living cells of many trees (heartwood, bark), which
would otherwise readily succumb to saprophytes, have been cited in support of
this hypothesis. Some authorities consider tannins to be waste products and it
has also been suggested that leaf tannins are active metabolites used in the
growing tissues, However, tannins in different plant species probably have dif-
ferent functions. Tannins are used against diarrhoea and as antidotes in poi-
soning by heavy metals. Their uzge declined after the discovery of the hepato-
toxic effect of absorbed tannic acid. Recent studies have reported that tanning
have anticancer and anti-HIV activities.

Coumarins and their glycosides

Coumarins are benzo-a-pyrone derivatives that are common in plants both in a
free state and as glycosides. They give a characteristic odour of new-mown hay
and occur, for instance, in the hay-scented fern Dryopteris aemula (Aiton) O.
Kuntze. They are biosynthetically derived via the shikimic acid pathway. The
biological activities reported are spasmolytic, cytostatic, molluscicidal, antihis-
taminic and antifertility.
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Quinones

Quinones are oxygen-containing compounds that are oxidized homologues of
aromatic derivatives and are characterized by a 1,4-diketo-cyclohexa-2,5-diene
pattern (paraquinones) or by a 1,2-diketo-cyclohexa-3,5-diene pattern (ortho-
quinones). Some quinones have some medicinal value in the form of antibacter-
ial and cytotoxic activities, others are powerful fungicides, laxatives or hair
colourants.

Flavonoids

Flavonoids are the compounds responsible for the colour of flowers, fruits and
sometimes leaves, or contribute to the colour by acting as co-pigment. Fla-
vonoids protect the plant from UV-damaging effects. The basic structure of
flavonoids is 2-phenyl chromane or an Ar-C;-Ar skeleton. Recently, flavonoids
have attracted interest due to the discovery of their pharmacological activities
as anti-inflammatory, analgesic, antitumour, anti-HIV, antidiarrhoeal, anti-
hepatotoxic, antifungal, antilipolytic, anti-oxidant, vasodilator, immunostimu-
lant and anti-ulcerogenic. Examples of biologically active flavonoids are rutin
for decreasing capillary fragility and quercetin as antidiarrhoeal.

Lignans and related compounds

Lignans and related compounds are derived from condensation of phenyl-
propane units. Neolignang are also condensation products of phenylpropanocid
units, but the actual bond varies and involves no more than one B-carbon (8-3°,
8-1’, 3-3, 8-0-4’ for example). Designated lignans or neolignans result from the
condensation of 2-5 phenylpropanocid units (e.g. sesquilignans and dilignans,
lithospermic acid). Lignans are substances deposited at the end of the forma-
tion of the primary and secondary cell walls. Lignans display antitumour phar-
macological activity.

1.3.83 Terpenoids and steroids

Terpenoids and steroids are derived from isoprene (a 5-carbon unit), which is
biosynthesized from acetate via mevalonic acid. Monoterpenes are the most
simple constituents in the terpene series and are C,; compounds. They arise
from the head to tail coupling of two isoprene units. Sesquiterpenoid lactones
are well known as bitter principles. Sesquiterpenes possess a bread range of bi-
ological activities due to the o-methylene-y-lactone moiety and epoxides. Their
pharmacological activities are antibacterial, antifungal, anthelmintic, anti-
malarial and molluscicidal.

Diterpenes

Diterpenes constitute a vast group of C,; compounds arising from the metabo-
lism of 2E,6E,10E-geranylgeranyl pyrophosphate. They are present in some
animals and plants. Diterpenes have some therapeutic applications. For in-
stance, taxol and its derivatives from Taxus L. are anticancer drugs. Other ex-
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amples are forskolin, with antihypertensive activity, zoapatanol, an abortifa-
cient and stevioside, a sweetening agent.

Triterpenes

Triterpenes are Cj, compounds arising from the cyclization of 33-2,3-epoxy,
2,3-squalene. Tetracyclic triterpenes and steroids have similar structures, but
their biosynthetic pathway is different. Steroids contain a ring system of three
6-membered and one 5-membered ring; because of the profound biological ac-
tivities encountered, many natural steroids together with a considerable num-
ber of synthetic and semi-synthetic steroidal compounds are employed in medi-
cine (e.g. steroidal saponins, cardioactive glycosides, corticosteroid hormones,
mammalian sex hormones). The pharmaceutical applications of triterpenes
and steroids are considerable. Cardiac glycosides have been used in medicine
without replacement by synthetic drugs.

Saponins

Saponing constitute a vast group of glycosides which occur in many plants.
They are characterized by their surfactant properties; they dissolve in water
and, when shaken, form a foamy solution. Saponins are classified by their agly-
cone structure into triterpenoid and steroid saponins. Most saponins have hae-
molytic properties and are toxic to cold-blooded animals, especially fish. The
steroidal saponins are important precursors for steroid drugs, including anti-
inflammatory agents, androgens, oestrogens and progestins. Triterpene sapo-
nins exhibit various pharmacological activities: anti-inflammatory, molluscici-
dal, antitussive, expectorant, analgesic and cytotoxic. Examples inciude the
ginsenosides, which are responsible for some of the pharmacological activity of
ginseng and the active triterpenoid saponins from ligquorice.

1.4 Botany
1.4.1 Taxonomy

Among the extant land plants, the ferns are only surpassed in diversity by the
angiosperms. Worldwide their number is estimated at about 12 000 species in
about 225 genera. Until the early 20th Century the extant pteridophytes were
subdivided into three classes:

~ the Pteropsida (also Filicopsida, Polypodiopsida), or ferns;

— the Sphenopsida, or horsetails;

— the Lycopsida, or clubmosses, spikemosses and quillworts.

During the last century consensus arose that the whisk ferns, being a very pri-
mitive group, justify a fourth class on its own, the Psilofopsida. To these four
classes the term ‘ferns and fern allies’ is applied in colloquial speech. Although
united in the Pteridophyta-division, it should be noted that this grouping is
based on similarities of the life cycles rather than common ancestry. Their ori-
ging go back in geologic time to the Devonian and Carboniferous eras and their
inclusion in the Pteridophyta is a matter of convenience, although a few recent
authors have chosen to raise the four classes to the level of division (e.g.
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McCarthy, 1998). 1t is often suggested that the Pteropsida in this sense are
polyphyletic still and that the Ophioglossales (represented in this subvolume
by Ophioglossum L. and Helminthostachys Kaulf) and Marattiales (represent-
ed in this volume by Angiopteris Hoffm.) may be not correctly placed here.
Cladistic methods, using a great number of morphological and biochemical
characters, are currently being deployed to resolve these relationships (e.g.
Pryer et al., 2001), but have not yet resulted in a definitive classification
scheme.

Preropsida

The ferns are a diverse group, but they are easily distinguished from the other
classes by their large leaves with a more or less complex pattern of venation,
The sporangia grow on the leaves, but these may be modified into highly spe-
cialized organs. Six orders constitute this class, of which five have circinate
leaves.

Lycopsida

These are plants with solid, herbaceous stems and numerous small, moss-like
leaves {(or rush-like, in Isoétes L.). The sporangia reside solitarily in the axils of
the fertile leaves, which can be very different from the sterile leaves and form a
terminal strobilus. The quillwort family ({soétaceae) is essentially aquatic and
very rare in South-East Asia. The clubmosses (Lycopodiaceae) are firm-herba-
ceous plants, either dichotomously branched or with a creeping main axis. All
species of spikemosses (Selaginellaceae) within the area of this hook have
dorsi-ventral flattened branches with the lateral leaves the largest. Like the
quillworts but unlike the clubmosses they are heterosporous, so some of the
sporangia contain megaspores that are large enough to be discerned by the
naked eye. The plants are generally soft herbaceous.

Sphenopsida

The horsetails have hollow, articulated stems built of clearly distinct joints.
The leaves have been reduced to scales that stand in whorls around the joints,
forming a sheath that encloses the next internode. The stems can be branched,;
the branches are built like the stem but much smaller and stand in whorls
around the sheaths, The sporangia grow under peltate sporangiophores, form-
ing a terminal strobilus (spike). The spores are green with four hygroscopic rib-
bon-like appendages called elaters. The elaters quickly coil up when moistened,
thus reducing the wind resistance near suitable habitats for germination. Al-
though the spores come in one size, the gametophytes are unisexual, the male
ones remaining smaller than the female ones.

Psilotopsida
The whisk ferns are the only free-living vascular land plants without true

roots. The stems are dichotomously branched and bear few leaves or only green
scales. The sporangia are fused in groups of three that stand solitary on the
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branches. There is one family represented by two living genera, Psilotum Sw.
and Tmesipterts Bernh. The aerial shoot of Psilotum is a very simple green
structure congisting of a dichotomously branching axis without leaves but with
exceedingly small scale-like appendages called prophylls, which are mere flaps
of tissue. Trilobed synangia are borne on short lateral branches. The under-
ground rhizome is irregularly branched and is covered with fine, long, brown
rhizoids. Tmesipteris differs morphologically from Psilotum by its well-devel-
oped foliage leaves supported by a single vein, and the bilobed synangium.

Families

Fossil Pteropsida have been found from the Lower Carboniferous. All six fami-
lies known from the end of the Carboniferous became extinct by the Lower Per-
mian. In a second major filicalean evolutionary radiation during the Permian,
Triassic and Jurassic several families arose which still have extant representa-
tives (Cyatheaceae, Dicksoniaceae, Dipteridaceae, Matoniaceae, Osmundaceae
and Schizaeaceae). A subsequent radiation among the polypodiaceous ferns be-
gan in the Upper Cretaceous while flowering plants already had gained domi-
nance over much of the land surface.

In the 19th Century most pteridologists classified the ferns into families based
on a few characters only. Especially, analogous to the importance of reproduc-
tive organs in flowering plants, the position, the shape and morphology of the
sori determined the family to which a genus should belong. The resulting fami-
lies were often very large and, as understood today, not in accordance with the
presumed lines of evolution, or on the other hand segregated on the base of
characters that vary between related genera. In the course of the 20th Century
new classifications were accepted that take more characters into account, such
as the venation pattern, the anatomy of the petioles, and, in the second half of
the century, the number of chromosomes. Especially the Polypodiaceae, or the
‘modern’ ferns, have long persisted as an extremely large and heterogeneous
family. Various authors though, have proposed regrouping the ferns inte fami-
lies in varying combinations. One of the most comprehensive classifications
published (Kramer & Green, 1990) reflects best the present state of general
consensus. This synthesis was based on similarities between genera rather
than differences, thus reflecting their relationships more explicitly. As several
relationships still need to be revealed this classification will also be worked
over in time, alternative views even coexist at present. For the time being,
however, this is a good standard to go by, if one has to be chosen. In this Prosea
subvolume the nomenclature of families and genera is in accordance with this
classification, even when it diverges from prevailing literature of the region.

1.4.2 Morphology

The most commonly used descriptive terminology is illustrated in the Figures
2a and 2b.

Rhizome

The leaves (fronds) of a fern are formed at or near the apex of its main axis or
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stem, the rhizome. The rhizome can, depending on the species, attain different
growth forms. In many ferns the stem is erect and radially symmetric. It is
then called a ‘caudex’, which may also be prostrate or ascending. The fronds
grow in a crown-like bundle on top of the caudex, radiating in all directions and
roots grow downwards from all sides. The majority of species with a caudex
gain little height and the leaves are based at or somewhat below soil level, but
some of the most conspicuous species exhibit a potent heigth growth resulting
in an appreciable stem of sometimes more then 20 m tall.
The creeping rhizomes produce their leaves at regular distances though they
still may be crowded when the intervals are short. This kind of rhizome can be
dorsiventrally differentiated with leaves arising in two or more rows from the
upper surface and roots growing from the side that is appressed against the
substratum. Most epiphytic ferns have creeping rhizomes, but they are not un-
common in terrestrial species either.
Creeping rhizomes often branch either in an irregular fashion or dichotomous-
ly; the caudices as a rule do not branch though ramifications may be induced by
damage to the growing apex. The vast majority of ferns with a caudex are ter-
restrial; most epiphytes have a creeping rhizome though frequently a short
one.
In few cases, the rhizome ig green and photosynthetically active but generally
it is well protected and covered with scales. Very rarely the rhizome is naked.
Usually there is at least some form of indumentum, at least on the growing
tips, to protect these vulnerable parts from physical damage, herbivory, or des-
iccation. The same indumentum is formed around the young unrolling fronds
and usually the remains on the petiole base of full-grown leaves constitute a
helpful character in identifying the species, but with time they may fall off. The
indumentum is often of considerable diagnostic importance and may comprise
scales, wax excretions, hairs, bristles and remainders of leaves, in any combi-
naticn. The shape, colour, types of apex and base and the presence of marginal
hairs and glands are important characters. Many advanced families of ferns
have flat scales with a darker central area on a broad base. Sometimes four of
the walls of the cells are very prominent whereas the two remaining ones are
thin and translucent or clear. Seen with a hand lens this looks like lace or lat-
tice work; this kind of scales is called clathrate and their presence is a helpful
character.

The rhizomes normally do not increase in diameter, but in some cases the

structure is reinforced by hairs, fibres, or mats of adventitious roots and re-

mains of leaves. The anatomical structure of the stem is of considerable taxo-
nomic importance. The stele or central vascular cylinder of the axis may be:

— solid, the primitive protostele (as in most Gleichentiaceae);

— a central vascular cylinder with a core of non-vagcular tisgue, the medullated
protostele or siphonostele (e.g. Dipterus and most members of the Ophioglos-
saceae);

- slightly more complex and feature a hollow cylinder with leaf gaps from
which the vascular strands to the fronds develop; the most simple form is a
solenostele, e.g. as in Davellia where the leaf gaps are widely separated and
do not overlap; more complex is a dictyostele, e.g. as in the Thelypieridaceae,
where the leaf gaps overlap and form an elaborate network.
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Roots

Only adventitious roots occur in ferns. In tree ferns such as Cyathea J.E. Smith
and Dicksonia L’Hér., numerous roots are found near the hase of the caudices,
providing stability. Primitive fern allies of the genera Psilotum and Tmesip-
teris are entirely rootless. In the floating aquatic fern Salvinia molesta D.S.
Mitch., the submerged leaf is modified to form root-like structures, but true
roots are absent.

Petiole

The stipe of the fern frond is also known as the petiole. Well-developed petioles
are only found in the frue ferns and are absent or extremely ghort in the fern
allies. Normally, the petiole is continuous from the rhizome to the lamina, but
in some species it is articulated. This means that the precise location where the
old leaf will be severed from the plant is predetermined. Fallen leaves leave be-
hind a neat scar (abscission mark), either directly on the rhizome, or at a small
distance above the peticle base. In some groups the rhizomes form medified
outgrowths (phyllopodia}, usually densely clothed with scales, onto which the
petiole articulates. Phyllopodia are found in the families Davalliaceae, Polypo-
diaceae, and the genera Arthropteris J. Sm., Elaphogiossum J. Sm. and Olean-
dra Cav. Leaves with non-articulated petioles leave behind remaining petiole
bases of varying length and with roughly cut off upper ends. In most families
the petiole is not articulated to the rhizome.

The colour of the petioles is not a constant character of a family or a genus
since it varies and overlaps between species of a genus, or hetween genera in a
family. The colour varies from green, stramineous to brown or purple. Green
petioles are observed in nearly all families but such petioles usually turn
brownish or stramineous as they mature. The colour character may be useful
in distinguishing species.

The petiole may be winged (alate) and grooved (sulcate), whereas those that
are circular in transverse section are called terete. The shape, number and
arrangement of the vascular bundles and the configuration of the xylem strand
are characteristics of several families, but these characters are rarely used in
the descriptions.

Rachis

The (primary) rachis is the continuation of the petiole into the lamina or blade,
However, when the lamina is not completely divided up to its central axis, but
embedded within leaf tissue for its entire length beyond the stalk, the central
axis is called the costa rather than rachis. Likewise the pinnae can have pin-
nae-rachises when the leaf is at least 2-pinnate. The main vein of the pinna is
also called the costa when the leaf is 1-pinnate only. It should be noted though,
that in some literature these terms are used with a different meaning: there
the rachis is the main axis of the lamina, whereas the costa is the main axis of
the pinna, or lower order segments. Details of the rachis, such as indumentum
and grooves, are frequently used as distinguishing characters in the identifica-
tion of ferns,



32 CryYPTOGAMS; FERNS AND FERN ALLIES

Typically the rachis is pinnately branched, that is, the primary rachis contin-
ues more or less in a straight line to the basis, branching off at regular inter-
vals, alternating on the left side and the right side like a fish bone. In some cas-
es, the rachis is dichotomously branched: at each node the rachis splits into two
equal branches. When the apical branch of a pinnately divided leaf does not de-
velop, only the two pinnae grow sideways, which apparently also results in a
dichotomous branching. This is referred to as pseudodichotomous, although the
apical bud remains visible in the fork, thus giving away the underlying pinnate
nature of this pattern.

Lamina

The flattened, leaf-like blade of the fern frond is called the lamina and it varies
from simple to highly dissected. Most ferns have a number of leaves that are
more or less uniform. In a considerable number of species, however, the fertile
leaves are different from the sterile ones. Generally, the fertile leaves are more
erect than the sterile leaves and also narrower, longer, or more constricted.
Some large epiphytes, such as Platycerium Desv. and Drynaria (Bory) J.
Smith, form specialized sterile leaves, closely appressed to the substratum,
which protect the rhizome, conserve moisture and collect litter and humus.

The venation patterns of ferns are of great taxonomic significance, Basically
the venation can be free or areolate. When the venation is free, the veinlets,
once they have branched off, run towards the margin without ever connecting
again to another vein. When the venation is areolate (also ‘reticulate’ or ‘anas-
tomosing’), the veins do meet again with other veins, and by doing so they form
closed cells, the arecles. Combinations of the two patterns can be found. Quite
often there are a few rows of areoles along the costa whereas the outer veins
run free towards the margin. Also areoles may contain free veinlets, often
short and little branched. When the lamina is very thick and coriaceous the
veins may be concealed. In these cases it can be helpful to view the lamina
against a powerful light source. The vein-endings may be enlarged and
club-shaped, often of a somewhat different colour or translucency than the sur-
rounding leaf tissue. These are called hydathodes, organs which have an excre-
tory function.

Sori

In most ferns the sporangia are produced on the back side of the lamina. Usual-
ly the sporangia are clustered together into heaps or pouches with a character-
istic shape, position and protection. These clusters are called sori. Sometimes
the sori become confluent and can no longer be separated by eye. In several
species the sporangia cover considerable parts of the leaf surface, so no sori can
be distinguished. This condition is called ‘acrostichoid’. In many genera the sori
are protected by a special flap-like membranous structure termed the indusi-
um. This structure is essentially an outgrowth from the leaf epidermis and
may be attached laterally or centrally. The indusium may be linear, rounded or
reniform, oblong, or double and borne back to back. In most cases it roughly fol-
lows the shape of the sorus. Some ferns have a false indusium, a soral protec-
tion formed by the reflexed margin of the lamina. The sporangia are sometimes
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additionally protected, especially when immature, by modified hairs or scales
known as paraphyses.

Sporangia

The spores are formed within specialized organs, the sporangia. At the higher
taxonomic subdivisions (above family level) the shape and construction of the
sporangia are characteristic. In its simplest form, the sporangium is a solid
walled hollow sphere containing thousands of spores. This kind of sporangium
may be found in spikes {e.g. Helminthostachys, Ophioglossum}, branch ends,
or, as in clubmosses, in the axils of specialized leaves.

In most ferns the sporangium is thin-walled, stalked and small. Running com-
pletely or partially around the sporangium body is a ring or group of special-
ized cells, called the annulus, The cells of the annulus have their inner cell
walls thickened in such a way, that when the cells become dehydrated, the
whole annulus bends outward, acting as a spring that forcibly ruptures the
sporangial wall and releases the spores. In most families the annulus runs ver-
tically, but in others it runs horizontally or forms a closed circle at top of the
sporangium (e.g. Lygodium) Inside the sporangium there are 16 cells that act
as spore mother cells by undergoing meiosis and forming tetrads of haploid
spores. The sporangia of the Marattiaceae (Angiopteris) are borne on the abaxi-
al surface, either free or aggregated in synangia. They are large, sessile and
either lack or have a rudimentary annulus.

Spores

Spores are single-celled structures that are tiny and light enough to be dis-
persed by wind. The haploid spores in a tetrad have an exceedingly resistant
outer protective coat which is generally composed of a thin inner layer called
the intine, and an outer layer, the exine. Some spores have a covering outside
the exine, called the perispore, derived from the periplasm around the spores.
The perispore may be ornamented with ridges, spines, warts or balloon-like
wings. The ornamentation and the ultrastructure of the spore wall are taxo-
nomically important and are best observed using electron microscopic visual-
ization. For a comprehensive study with superb photographs, see Tryon and
Lugardon {1991).

Commonly, a spore has a proximal surface, which faces the centre of the tetrad,
and a distal surface that faces the periphery of the tetrad. On the proximal sur-
face is a mark called the laesura which is an ‘aperture’ in the exine.

Spores may be trilete, radially symmetric, tetrahedral to globose, with a trira-
diate aperture, or monolete, i.e, of bilateral symmetry, more or less bean-
shaped, with a linear aperture. Monolete spores are the most common since
they predominate in some large groups {e.g. Asplenium L., Cyclosorus Link and
the Polypodiaceae). Trilete spores are considered to be the less advanced type
as they are found earlier in the fossil record and are dominant in more primi-
tive families. Tt is assumed that monolete spores have been derived from a
trilete ancestor. This appears to have occurred on several occasions, since both
types of spore occur in 12 distantly related genera.

Most pteridophytes produce one kind of spore only, thus they are homosporous.
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Four families {Azollaceae, Marsiliaceae, Salviniaceae and Selaginellaceae) are
heterosporous and produce two kinds: small (10-60 um) microspores and large
{up to more than 1 mm) megaspores. Consequently, the gametophytes of the
heterosporous families are either male or female, as opposed to the monoecious
gametophytes of the homosporous ferns.

Gametophytes

Gametophytes have been little used to identify species. They exhibit relatively
few macromorphological characters, that in addition do not show much varia-
tion on the species level. Consequently, they have not received much attention
by taxonomists, although micromorphology (e.g. of the gametangia) and
isozyme patterns may include more information than hitherto exploited (Raine
et al., 1996),

At a higher taxonomic level the type of gametophyte can be very characteristic.
The prothallus of leptopsporangiate ferns is often typically memhbranaceous,
heart-shaped and commonly less than 1 em in size (Fig. 3(1). It has chlorophyll
and is dark green, and near the sinus of the heart it is attached to the sub-
strate by root-like hairs arising from the lower surface, the rhizoids. It is
amongst these rhizoids that the passive or female sex cells develop. The egg
¢cells are hidden within flask-like female organs, the archegonia. At some dis-
tance other organs are formed (the antheridia} that will produce the active or
male sex cells. Gametophytes of homosporous ferns normally produce both
male and female sex cells and are capable of self fertilization. However, mecha-
nisms exist, such as asynchronous maturation, that enhance the probability of
outbreeding. Heterosporous ferns produce either male ifrom the microspores)
or female prothalli (from the megaspores - Fig. 3(6, 7). Different shapes are
found in other groups. Several kinds of marginal outgrowths occur (Fig. 3(3),
while others are basically filamentous (Fig. 3(2). Ophioglossaceae (Fig. 3(4),
Lycopodiaceae (Fig. 3(5) and Psilotaceae have pale, lumpy, subterranean game-
tophytes that spend a long time living saprophytically in association with a my-
corrhizal fungus, before giving rise to the green sporophyte.

1.4.3 Reproduction

The dominant stage in the life history of the pteridophytes is the generation
that produces the spores and therefore is called the sporophyte. The ferns,
horsetails and clubmosses as commonly known are in the sporophyte genera-
tion and the descriptions in the following chapter apply to this generation. The
sporophyte forms spores by meiosis, the type of cell division that reduces the
number of chromosomes to half the number that are in the nuclei of the sporo-
phyte cells.

The spores commonly have very hard outer walls, often with intricate decora-
tions of points and ridges. They grow in specialized organs called sporangia.
Different groups within the Pteridophyta have their own types of sporangia.
Many of those have mechanisms to assist the mature spores to leave the thin
layer of slack air immediately around the sporophyte so they can be taken
away by the wind and effectively dispersed. Many pteridophytes grow erect
spikes or specialized upright fertile leaves to promote effective dispersion of the
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spores. The large megaspores of the heterosporous ferns impose an extra chal-
lenge to the dispersion process. The megaspores are frequently transported by
water, but launching of the spores by hydrostatic pressure may also occur. The
hard outer shell of the spores helps them to survive the unfavourable condi-
tions as they are blown through the air and after they have been deposited and
are awaiting a chance to germinate. Some spores remain dormant in soil spore
banks for several years. A few groups though, have green, non-resting spores
that will stay viable only for a few days or weeks and perish if no suitable con-
ditions for germination are met within that time.

Upon germination the spore shell breaks along a predetermined opening and
the alternate generation starts to grow out. At first, this is a simple uniseriate
thread of cells; soon afterwards it develops into a more specific shape. Note
that since the spore was formed by meiosis, this plantlet has a haploid chromo-
some count. Later in its development it will produce sex cells or gametes and
therefore this generation is called the gametophyte, as opposed to sporophyte.
Another name often used for the gametophyte is prothallus. The motile male
gametes need a film of water to swim actively to the female gametes. This need
for a period of free water poses a severe constraint on whether a habitat can be
colonized by ferns. The tender construction of most gametophytes also limits
the possible environments to sites that are suitable for both the sporophyte and
the gametophyte. However, despite their fragility, gametophytes may be sur-
prisingly resilient to desiceation, reviving multiple centres of growth even after
months of dehydration.

A striking difference in the cytology of ferns compared to other plants is the
high chromosome numbers. The sporophyte (diploid) counts range from less
than 20 to over 1200. Many fern genera have existed for several hundreds of
million yvears and these high numbers have resulted from repeated poly-
ploidization during their history. There is, however, no unequivocal relation be-
tween the age of a genus and its chromosome count. Although the driving
forces are not yet understood, at present the process can be observed and in-
duced. Polyploidization follows from fertilization and nuclear fusion of a diploid
gametophyte (apospory). Diploid gametophytes can originate from somatic spo-
rophyte tissue that anomalously develops into a prothallus, or from an aber-
rant sporogenesis in which the meiotic process is rendered ineffectual (Manton,
1950).

A special case of polyploidy is alloploidy, where part of the genome descends
from a different species. Alloploidy originates from hybridization, followed by a
chromosome doubling. Hybridization between related pteridophyte species is
rather frequent. This type of hybrid has, instead of a double set of analogous
chromosomes, two single sets of chromosomes, one from each of the parents.
While hybrid sporophytes can develop well, indeed often grow more vigorously
than either of the parent species, they are sterile, as the two different chromo-
some sets do not allow a regular pairing of the analogues during the meiosis.
However, when the number of chromosomes are doubled by apospory, normal
meiosis can proceed and fertile spores can be formed. From cytological analyses
it appears that allopleidy iz a common phenomenon. In some fern floras a high
percentage is of alloploid origin. It is assumed that alloploidy is especially com-
mon in unstable environments (on a geological time scale), where new genetic
combinations can rapidly take advantage of the newly created niches.
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Various causes, such as hybridization, can impese a sterility barrier by pre-
venting regular meiosis during spore development. One strategy described
above, is to double the chromosome number to enable meiosis with a doubled
genome. Another strategy is to skip the reduction phase altogether and to pro-
duce spores with the somatic chromosome count. To prevent inadvertent
genome doubling at each transition from gametophyte to sporophyte, the omis-
sion of the meiosis must be counterbalanced by not fusing the nuclei of sex cells
on the gametophyte. The sporophyte develops directly from the tissue of the ga-
metophyte and both phases therefore have the same chromosome count. This
process is called apogamy, and it enables even triploid species to disperse by
spores. The consequence is that outbreeding has become impossible.

Whereas reproduction by spores offers great advantages such as long-distance
dispersion and the exchange of genetic variation, it ig not always the most ef-
fective strategy to rapidly spread over the suitable habitat of an established
parent plant. The gametophyte phase is easily influenced by less than optimal
environmental conditions, and it may take a long time before the young sporo-
phyte is strong enough to stand up to the competition of other plants. There-
fore, many fern species have evolved ways to reproduce asexually. The most
common approach is by long-creeping rhizomes, that may conquer a large area
with considerable speed. Given time, a single clone may cover many hectares.
Some aquatic ferns improve this process by fragmenting the rhizome, thus re-
alizing an almost exponential growth. Also young plantlets in a more or less re-
duced state (bulbils) may be formed on the leaves, which, after disconnection or
even before that, give rise to new sporophytes. When these young plants grow
at the drooping apices of the leaves, a series of clonal individuals may ‘walk’ a
path through the forest.

1.5 Ecology

During millions of years of evolution pteridophyte species have adapted to a
wide range of environments, from the poles to the equatorial forests, from
deserts to lake bottoms, from the seashore to high mountains. Only a sub-
merged existence in salt water seems to be beyond their adaptive possibilities.
Consequently, they exhibit a range of habits and life forms to cope successfully
with this variety of habitats. The sporophytes vary in size from moss-like and a
few mm long to tree-like and 20 m tall, including terrestrial, scrambling, climb-
ing, epiphytic, epilithic, xerophytic, amphibious, aquatic, halophytic, floating
and sub-arboreal forms.

The environment and substrate in which they grow are reflected in their habit
and often their appearance. Frequently they are classified on the basis of their
substrate into classes as epiphytes, terrestrial and aquatic plants. However, as
they vary in their degree of specialization, many species do not keep to their
class. Lower epiphytes are also found on the forest floor, aquatic species sur-
vive extended periods of complete emersion (or reverse) and terrestrial ones
may extend into the trunks of trees. Especially fallen logs form a transient en-
vironment where both remaining and newly settling species mix with invading
terrestrial ferns and deadwood specialists.

In spite of these transgressions, major families of pteridophytes are predomi-
nantly terrestrial, epiphytic or aquatic respectively, several morphological cha-
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racters being correlated with the growing habit defined in this manner. A bet-
ter understanding is obtained by taking the (micro-)climate into account to-
gether with their growing habit. Several classifications of the tropical environ-
ment from a pteridological point of view have been used (Holttumn, 1938; Page,
1979; Tindale, 1998). Here a simplified classification is presented to give some
insight into the morphological adaptations commonly seen in ferns.

1.5.1 Rain forests

The rain forests are characterized by a per-humid climate. They are found at
lower altitudes, generally below 1000 m. The temperature is fairly constant
and neither water supply nor water loss are problematic, though leaching of
nutrients from the leaves by excess rainfall may be a factor that needs to be
taken into account. The forest floor offers a sheltered habitat, usually with
good drainage although marsh forests with permanently or seasonally water-
logged soiis are not rare. The most important limiting abiotic factor is light. As
it is intercepted by many layers of leaves, only a tiny fraction of the radiant
tropical sunlight reaches the lowest strata. As an adaptation to this, ferns of
the forest floor mostly have thin textured leaves and seem capable to maintain
photosynthesis at remarkably low levels of light. The individual plants are typ-
ically well spaced, avoiding competition for light, nutrients, or other resources.
There is little air movement in the rain forest, and so that the spores are better
dispersed the fertile leaves are frequently narrower and more elevated than
the barren trophic leaves.

Another strategy to reach higher is to climb the trees. Quite a number of ferns
start on the forest floor, but send their long creeping rhizomes up along the
trunks of trees. Some of them climb as high as the canopy and thus effectively
escape the sheltered, moist environment near the forest floor into the dry epy-
phytic habitat of section 1.5.3. The low-climbers adhere to the bark with many
fine roots from the tightly appressed rhizome. When the roots penetrate the su-
perficial layers of the bark, they are able to extract water and nutrients. In
these cases the terrestrial origin of a plant may perish and the plant will be-
come truly epiphytic. True epiphytes depend on the rain and water draining off
for their water supply.

Often there is no strict division between epiphytes and ferns of epilithic habit
{(i.e. growing on rocks). Especially small ferns may effectively root in the
moss-layer, regardless of whether the moss grows on living or dead trunks or
on stone. Many have membranaceous leaves with only two layers of cells (e.g.
Trichomanes 1.) and the adult sizes may be as little as 2 em or less. Neverthe-
less, rocks and cliffs in the forest provide a range of habitats that specialized
species can take advantage of. Since they are always sloping and often steeply
s0, waterlogged substrates requiring special adaptations for the oxygen supply
of the roots hardly occur. On the other hand, the water supply varies from very
constant in the crevices of larger cliffs to complete dependence on airborne
moisture on exposed surtaces. Often the canopy is open to some extent, allow-
ing more light to penetrate. The weathering of the astone could provide the
epilithic ferns with a much richer nutrient supply than elsewhere in the rain
forest, but the mineral sediment can also be biologically inert. Generally
though, it is a favourable habitat for many fern species. In fact, ferns are better
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adapted to exploit this habitat than many seed plants, as they lack a thick tap-
root but have filamentous rhizomes capable of creeping into the smallest fis-
sures, Due to the nature of the cracks and fissures in rock, a few deep clefts of-
fer an extremely strong anchorage, but the surfaces in between may be smooth,
or hard and inhospitable, Under these circumstances small ferns with erect
(non-creeping) rhizomes are favoured. However, other species follow crevices
with their creeping rhizomes for a considerable distance.

Where streams break open the canopy, the aspect of the vegetation changes as
the terrestrial plants grow larger and more vigorous. There is heavy competi-
tion for light as there is at the forest edge and in temporary clearings. Ferns
seen here often grow to large sizes with finely divided leaves, often developing
a scrambling habit or a tall, trunk-like stem. Smaller ferns growing where they
could be washed over by the variahle water levels, adopt a habit of surviving
extended periods of submersion undamaged by the current (e.g. Microsorum
pteropus {Blume) Copel.).

1.5.2 Montane habitat

In montane forests at arcund 2000 m mist and condensate may become the
prime gource of water. As the presence of the clouds is g0 constant, reaching
from the forest floor to well above the canopy, the high-epiphytes do not need
any special adaptation to prevent too much water loss and to protect them from
intense radiation. The trees are shorter than in the lowland forests and the
canopies less dense, so the forest floor receives more light. It is hardly surpris-
ing that this is where the richest fern floras are found.

At higher altitudes the trees become really dwarfed and finally are replaced by
shrubs. Mosses become a dominant factor in the vegetation. The soil may also
be partly unprotected by vegetation. When the welkin breaks open the sunlight
is rich in ultraviolet radiation. Like the angiosperms, ferns living here there-
fore have leathery leaves covered by scales or a dense hairy indumentum, un-
less growing in well-protected sites. Often the leaf margins curl inward to fur-
ther reduce the exposed surface. Reddish pigments may also be present. At
even higher altitudes of over 3500 m the shrubs also disappear, leaving noth-
ing but the protection of boulders and rock to shelter the remaining plants from
radiation and wind. During the frequent showers and at night temperatures
may drop to around freezing point.

1.5.3 Dry epiphytic habitat

The lower strata of the rain forest are well insulated from many direct climatic
influences by several layers of vegetation. Many epiphytes, however, escape
these lower reaches in search of light or nutrients and settle for less protected
positions higher up in the trees. The more abundant light and earlier access to
the nutrient chain come at a price, as the epiphyte has no access to water reser-
voirs. It is directly dependent on precipitation while at the same time being
more vulnerable to desiccation due to sun and wind. The bright sunlight may
also cause damage to the living tissues of the leaves. Similar conditions are
found out of the rain forest reaches, in savannas and solitary trees in cultured
land. Common adaptations to withstand the low relative humidity and high in-
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solation include leathery leaves and protection of the leaves by hairs or scales.
Especially in areas with a marked dry season, these environmental effects are
aggravated as relative scarcity of water is accompanied by the hosting trees
shedding their leaves. Under these conditions the ferns may bide their time in
dormancy, with or without becoming deciduous.

Another remarkable adaptation, especially seen in some polypodiaceous ferns
{e.g. Drynaria, Platycerium), is the formation of special fronds that are closely
appressed to the substrate. In this way they protect the roots and centres of
growth, but their shelter also provides a milder microclimate which favours the
decomposition and recycling of nutrients. These shield fronds are frequently
gshaped in a way that facilitates the funnelling of falling litter towards the roots
of the plant.

1.5.4 Exposed habitats

The habitats where ferns are exposed without protection to the elements of the
tropical climate are varied and deserve a further classification. However, this
is beyond the scope of this introduction. They include open rock faces, tem-
porarily exposed soils, such as road cuttings, plantations and disaster sites,
fresh- and salt-water marshlands, deserts and open water. The ample (or even
excess) availability of light is here the common factor, whereas precipitation,
desiccation and water stress vary to a great degree. As a general rule, ferns are
not very competitive and under favourable conditions the struggle for resources
is often lost against angiosperms. However, in more extreme conditions they
still do well as is proved by their large species diversity and virtually ubiqui-
tous distribution.

Time is sometimes also on their side, as under disturbed circumstances such as
clearings and plantations where a rapid clonal growth enables some species to
establish and maintain a dense, competitive stand for many years, until they
are finally outcompeted by specialists of the more stable conditions, However,
when the environment continues to be disturbed, as often occurs in planta-
tions, they may behave like a weed that is hard to eradicate. Their easily dis-
persed spores also enable the pteridophytes to rapidly colonize barren areas,
such as after forest fires or volcanic eruptions.

In arid habitats pteridophytes can grow as well as any xerophyte, but at least
once during their lifetime they need free water as the male gametes need a film
of water on the surface of the gametophyte to swim to the egg-cells. A little
dew, though, will do for this.

1.6 Propagation
1.6.1 Division

Most pteridophytes with creeping rhizomes are easily propagated vegetatively
by divisions of rhizome branches. The divisions should have an active growing
tip, which can be recognized by the fresh colour and the young leaves arising at
short distances behind the tip. The development of growing tips from side buds
on thick rhizomes may be stimulated by partly cutting through the buds. All
cuts should be made with a sharp, clean knife. Care must be taken not to injure
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the growing tips and to keep as much soil to the roots as possible, but damaged
leaves and old roots should be removed.

The cutting should be planted as deep in the soil as it was before, or slightly
deeper if the roots remain uncovered. If the cutting does not bear roots, it may
be placed half of its diameter within the soil and secured with bent wire, or,
length allowing, diagonally with the growing tip emerging from the soil. The di-
vigions should be kept moist, but not wet, and in light but not exposed to the
suni. To keep the relative humidity high, thin-leaved species may require glass
or plastic sheet covering, which can gradually be removed when the plants
grow up. [norganic fertilizer is applied after 15-20 days, but organic fertilizer
should be avoided at this early stage as the bacteria and fungi it contains may
turn against the vulnerable explants,

Some species produce vegetative reproduction organs such as runners, bulbils,
or even buds developing into young plantlets whilst still attached to the parent
leaves. When available these organs are better suited for vegetative reproduc-
tion than rhizome divisions. To reduce the risks during their early life stages,
the organs are left to root and to grow well before detaching them, allowing
them to profit from nutrients and water supplied by the parent plant.

1.6.2 Tissue culture

A technically more advanced means of vegetative propagation is tissue culture
(also: meristem culture) which allows for mass multiplication under well-con-
trolled conditions, though starting with tiny bits of parent material. For com-
mercial use, this technique offers significant advantages: the product is free of
diseases, the quality is high and constant, the application is not dependent on
parent plants to form spores and it is much faster.

To start, apical meristems are taken from parent plants. The meristems consist
of actively dividing cells that are not vet infected by germs. They are cleaned
and externally sterilized and then transferred to a sterile, often fluid growing
medium where they are kept under controlled conditions for several weeks to
let them start multiplying by dividing. Part of the produced cell-clumps is ex-
planted to a solid artificial growing medium to grow young plantlets, while the
rest is kept in stock for a new production cycle. Many variations in medium
composition and treatments (e.g. with plant hormones) exist to stimulate the
growth of the meristems and the development into plantlets.

1.6.3 Spore propogation

Spores are the natural means of reproduction of all pteridophytes and growing
ferns from spores can be as simple as shedding the spores over a container with
moist soil and waiting. However, various techniques have been developed to ob-
tain a more reliable production. The following just provides some examples, for
details see Hoshizaki (2000).

Leaves should be selected that have light brown sori. A 10x hand lens should
be used to check whether the sporangia are not still green or are empty pockets
that have shed the spores already. The leaf could also be placed with the sori
down on a sheet of white paper and gently tapped with the fingernail. Mature
sporangia will then shed the spores as a fine greyish-brown dust. To harvest
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the spores the leaf can also be left on a paper sheet for a day or two. The spores
will precipitate on the paper when the sporangia dry and dehisce. Tapping the
leaf speeds up the process, but also increases the amount of contamination.
Non-sporal debris should be removed as much as possible as it promotes the
growth of algae, fungi and mosses. Various minute-mesh devices have been ap-
plied to sieve the fluff from the spores. The spores are normally stored dry in
paper envelopes, but good results have also been obtained with wet storage in
the fridge.

For commercial use, the spores are normally not sterilized. However, it is
strongly advised that the growing media and containers be sterilized. A
semi-natural growing medium, a mixture of fine sand and one to two parts of
finely screened peat moss is most often used commercially. Alternatively, a flu-
id nutrient solution (e.g. Knop’s, Hoagland’s, or Turtox) can be used. The medi-
um should cover the bottom of the container permanently, which means a layer
of about 7.5 mm depth. Agar media offer few advantages over fluid media un-
less the plants have to remain sterilized. After dusting the media-surface with
spores, the containers are entirely or partly closed to prevent water loss and
contamination with fungi.

The containers should receive low to medium intensity light. In about two
weeks germination becomes visible by a thin green mat of threads on the medi-
um surface. Gradually these threads develop into recognizable prothalli about
1 em in diameter. When the prothalli are large enough they may be manipulat-
ed to ensure or avoid cross-fertilization. Fertilization will not occur when the
prothalli are not covered with a thin film of water. It may be necessary to apply
misting to obtain this condition. Other overhead watering should not be ap-
plied and likewise dripping from overhead condensation on the container lid
should be avoided, as this promotes fungal growth. Moulds that develop non-
etheless should be killed as soon as they become visible, by isolating the patch
and applying a fungicide. After fertilization, the young sporophytes soon
emerge. Once they are large enough to handle, they may be carefully trans-
planted.

1.7 Genetic resources and breeding

Many pteridophytes are fastidious habitat discriminators and thus vulnerable
to loss of genetic diversity. At least 700 species are globally endangered (Dyer
& Lindsay, 1996). Extinction or drastic reduction in genetic variation is a nega-
tive development because of the intrinsic value of the disappearing taxa, the
impoverishment of the ecosystem, but also because of the decline of the chemi-
cal potential of bioactive substances, most of which have vet to be discovered.
One example is the clubmosses of the genus Huperzia Bernh., from which valu-
able alkaloids and terpenocids have been extracted that are raw materials for
the development of new medicines against serious diseases such as dementia
(e.g. gee the treatment of Huperzia serrata (Thunb. ex Murray) Trevis.). Some
of the constituents occur in a wide range of related species, but others are spe-
cific to a single species or even to a taxon of lower rank. Many of these have a
restricted distribution and logging, collecting and exploitation for personal or
commercial purposes lead to a rapid decline of populations. It is feared that a
number of species will become extinct in the future.
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Ex-situ conservation can be achieved by maintaining living plants, but also by
collections of viable spores. The viability of spores decreases over time, with
rates varying from weeks to tens of years until none of the spores of a batch
will germinate when sown. The commeon practice of storing dry, either at room
temperature or cold, may be inferior to wet storage in retaining the germina-
tion capacity of the spores (Lindsay et al., 1992). In-situ conservation of pteri-
dophytes and their ecosystems must always be the ideal. No environment is
better suited to allow the subsistence of a species than its own. At present,
however, ex-situ approaches must accompany in-situ measures to maintain the
integrity of the gene pool for threatened species until in-situ conservation is
practised (Page et al., 1992), Botanic gardens play an important role in ex-situ
conservation and worldwide coordination of activities is being initiated. How-
ever, the conservation of tropical pteridophytes is lagging behind the temper-
ate species due to lack of funding and organization and the number of species
involved. The task of conservation of plant diversity has up to now mainly heen
shouldered by governmental and non-governmental organizations, but seen in
the light of the vast research budgets of pharmacological companies, these com-
panies should also be urged to shoulder responsibility in safeguarding future
plant resources both for the general interest and for themselves.

As ferns are not horticultural crops, breeding is not normally done. Two excep-
tions exist, being Azolle Lamk and ornamentals. During the last decades, races
of the mosquito fern Azolla have been selected towards a maximized nitrogen
output under various cropping conditions. Azolla species have been hybridized
and various genotypes of the symbiotic cyanobacterium were tried. The various
selections and cultivars are still available from the International Rice Research
Institute (IRRI).

Breeding ferns for ornamental purposes has a long tradition. As long as ferns
have been kept as ornamentals, plants with aberrant leaves or variegated
colours have received special attention and their offspring or clones were dis-
tributed amongst other fern lovers. Especially 19th Century England, during
the Victorian ‘fern craze’ or ‘pteridomania’, saw the origin of many cultivars
and hybrids. Nowadays a large part of the market for ornamentals is still occu-
pied by cultivars with misshapen leaves and breeders are continuously trying
to create new cultivars that appeal to fashion sensitive customers.

1.8 Prospects

With the ever-growing importance of the urban lifestyle at the expense of rural
life, the distance between man and nature tends to increase. Younger genera-
tions achieve valuable skills for making their living in the city rather than to
survive in remote areas where one has to depend on what nature can provide,
It is therefore to be expected that botanical knowledge for daily use will disap-
pear in the South-East Asian countries, as it has virtually disappeared in in-
dustrialized couniries. Yet today, in rural areas, there is still a living tradition
of using plants found in the wild for foed, medicine, construction and other pur-
poses. It is a living tradition in the sense that, with modern transport and com-
munication, new ideas about plant use in other areas reach the erstwhile iso-
lated communities. These are tried and, when found to be valuable, find a place
in the tradition, or lead to experiments to explore new possibilities. Scientific
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research thus can play a two-way role, both as recorder of remaining ethno-
botanical knowledge and as mediator of ideas between remote areas.

Ferns as food do have a future. The young leaves of most ferns can be eaten as
a vegetable, but not all are of equal quality. From the ferns treated in the next
chapter, it may become clear that several of them have been selected for food by
availability rather than palatability. However, as qualitatively adequate nutri-
tion is not yet secured in all parts of the world, they may remain important as
an additional food source. Other species though, have a good taste and feel by
absolute standards and these could be developed into more important products.
In New England (United States) and Japan small high-value markets already
exist with young fern croziers as delicacies and opportunities exist for the ex-
port of other species. To guarantee a steady supply of constant quality, cultiva-
tion of these ferns might be taken up.

Ferns as fibres only play a role in artisanal production. Some of these products,
such as fishing gear, are expected to disappear once they cannot compete with
industrial products. For others a small market will remain in the tourist indus-
try and traditional production. Nowadays in most areas, tree ferns are only used
incidentally or casually as construction material. They are very well suited for
the construction of makeshift bridges as they hardly rot or get slippery, but fur-
ther development is not foreseen. A better opportunity lies in the production of
high-quality horticultural materials. In deforested middle-elevation areas tree
ferns grow and reproduce very well. Tree-fern farming for pots and fibres could
generate access to a capital market. Care must be taken not to deplete the spon-
taneously grown stands of tree ferns, to comply with international regulations
{required for export}, to prevent erosion and to save future resources.

The future of ferns as medicine could proceed in several ways, and which one it
will be, if not a combination, is hard to predict. Most medicinal uses of ferns in
South-East Asia refer to traditional applications. In western Europe tradition-
al knowledge about medicinal herbs disappeared as pharmacological medicines
became widely available. In China, on the other hand, herbal medicine persists
and is solidly rooted in society and the medical community. Other Asian coun-
tries occupy an intermediate position. Many people in South-East Asia do not
vet have access to pharmacological medicines, either for logistic or economic
reasons. When this situation changes, their traditional medicine will be rela-
tively well documented and partly backed up by scientific research. Marketing
by representatives of pharmacological medicine or herbal medicine also will ex-
ert influence.

Scientific knowledge about the pharmacological properties of medicinal ferns is
by no means complete, although an increasing number of publications is filling
in this gap. Ferns that have a recorded medicinal use are always more or less
common species. It is rather worrying to think of the potential of the less acces-
sible species that remain undiscovered by traditional medicine, With the ongo-
ing threat to the tropical environment and its species diversity, this potential
may be lost forever.

1.9 Recommended literature

The identification of South-East Asian pteridophytes is often hampered by the
lack of accessible literature. The Flora Malesiana project caters for this need by
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publishing a separate series on the Pteridophyta (van Steenis & Holttum,
1959-1981; Holttum, 1991; Kalkman & Nooteboom, 1998). The parts that have
been published offer up-to-date revisions of the treated genera found in Malay-
sia, Singapore, Brunei, Indonesia, the Philippines and Papua New Guinea. Re-
grettably, the series, that was initiated in 1959, progresses slowly and a num-
ber of families have still not been covered yet. Therefore, other identification
works dedicated to smaller areas are still necessary. For Peninsular Malaysia
the Flora of Malaya (Holttum, 1968) provides an excellent entry, aithough it
only treats the ferns, leaving lycopods and selaginellas to pose a problem. Pig-
gott (1996) gives a colour photograph for most of the species described in Holt-
tum. The Philippine pteridophyte flora has been described completely but the
publication is hard to obtain and taxonomically outdated (Copeland, 1960). For
Indonesia, fern florag are old and not all in English (Backer & Posthumus,
1939). For Indo-China the fern flora is old and in French (Tardieu-Blot, et al.,
1939-1951). The Thai fern flora is well covered by the Flora of Thailand
(Tagawa & Iwatsuki, 1979-1989), Finally, from neighbouring regions, the Flo-
ra of Taiwan (Huang, 1994) and Flora of Australia (McCarthy, 1998) prove very
useful additional sources.

The morphology and biology of ferns and fern allies is usually poorly covered in
general text books, which concentrate on spermatophytes. A good introduction
in a palaeobotanical context is found in Sporne (1975); exhaustive descriptions
of the anatomy, morphology and development are given by Parihar (1989). In
relation to the spore-morphology, the atlas of Tryon & Lugardon (1991) provi-
des thousands of detailed scanning electron microscope micrographs of spores
of all pteridophyte genera, revealing intricate details.

Accounts of the ecology of ferns are more commonly found. However, most of
them are limited to not very profound habitat descriptions. A more systematic
approach to the classification of tropical fern habitats is given by Holttum
(1938) and Page (1979). Page (2002) presents a thorough reflection on the ecol-
ogy of ferns, including their intrinsic biological possibilities and limitations.



2 Alphabetical treatment of genera and species
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Acrostichum aureum L.

Sp. pl.: 1069 (1753).

PTERIDACEAE

2n = 60 (diploid), 120 (tetraploid)

Synonyms Chrysodium vulgare Fée (1845), C.
aureum {L.) Mett. (1856).

Vernacular names Leather fern, golden man-
grove fern {En). Indonesia: paku laut (general),
paku cal {Sundanese), krakas (Javanese). Malay-
sia: piai raya, paku piai, larat. Philippines: lagolo,
pakong-laut, pagaypay. Thailand: prong thale
(general), pee-yo (Malay-Satun). Vietnam: r{aslng
dlajli, c[aaly rlaslng.

Origin and geographic distribution A. au-
reum is pantropical, occurring along the coasts of
Asia, America and Africa. It is abundant in man-
grove vegetation all over South-East Asia.

Uses In Malaysia, Indonesia (Kalimantan,
northern Sulawesi, Kangean and Timor) and the
Philippines, young shoots of A. aureum are eaten
as a vegetable, In Vietham and the Pacific, the
firm, dried, parchment-like leaves are stitched to-
gether and used as thatching material in the place
of straw-thatch. In this way the roof lasts longer
and there is much less rigk of fire. Should the roof
catch fire the leaves burn rapidly and leave very
little ash, thus reducing the risk of the rest of the
habitation and its furniture catching fire. Medici-
nally, the pounded or grated leaves and rhizomes
are applied as a paste to wounds, ulcers and boils
all over South-East Asia. In China the rhizome is
used against worms. A. gureum also has potential
as an ornamental because of its handsome leath-
ery leaves and the plant can be grown in pots.

Production and international trade A. au-
reum is neither cultivated commercially nor trad-
ed internationally. The fern is collected from the
wild and is commonly sold on local markets for
vegetable or medicinal use. In Vietnam leaves are
locally traded as roof material.

Properties In the aboveground parts of A. au-
reum the following compounds have been found:
amygdalin, arbutin, formic acid, oxalic acid, tan-
nin and saponin, A. aureum spores are potential
causative agents for patients with allergenic rhin-
itis. In a fertility test in female albino rats, ethan-
olic and acetone extracts of A. aureum showed
60-70% anti-implantation activity.

Description Large fern (up to 4 m tall} with
leathery leaves, rhizomes often forming tussocks
in mangrove swamps. Rhizome erect to procum-
bent, up to 6 mm in diameter, amply scaly at the
apex; scales linear to lanceolate to broadly ovate

Acrostichum aureum L. - 1, leaf: 2, venation; 3,
rhizome with petioles.

near the petiole base, (0.5-)1-2(-4) em x 0.8 em,
attenuate, margin entire or erose, lustrous brown
or bicolorous pale with a blackish central stripe.
Leaves tufted, erect or arching, up to 4 m long;
petiole up to 1 m long, at the base up te 20 mm in
diameter, lustrous, stramineous to grey-brown,
glabrous, bearing on upper portion small spine-
like remains of reduced glandular pinnae; lamina
pinnate, narrowly oblong to elliptical, up to 3 m
long, subcoriaceous to coriaceous, glabrous, bright
red when young; sterile pinnae simple, ascending,
stalk up to 2.5 cm long, lamina narrowly oblong,
8-50 em x 1-7 ¢m, bage cuneate to rounded and
more or less unequal, margin entire, cartilagi-
nous, apex rounded to obtuse and shortly mu-
cronate; midrib grooved above, distinetly raised
below; veins raised below, hardly visible on upper
surface, close, forming somewhat regularly ar-
ranged areoles up to 2 mm x 0.5 mm. Fertile pin-
nae only on upper portion, like the sterile ones but
smaller, 10-15 cm x 1-2.5 cm; sporangia covering
the whole underside surface of pinnae except for
the midrib; paraphyses minute, capitate, with
small multi-lebed apical cells, deep castaneous.
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Spores trilete, anisopolar with radiosymmetry,
rounded triangular, subtriangular or triquete,
40-50(-70) um x 32-40(-52) um, the side concave
or convex, the angle rounded, the proximal pole
flat or conical, the distal pole subhemispherical.

Growth and development A. cureum often
grows in terrestrial clusters in a tidal water envi-
ronment with salinity of 0-13 parts per thousand.
Individual growth of A. aureum in its natural
habitat shows that there is an increase of cover-
ape when it grows farther inland. Like other man-
grove plants they transpire freely and stomata oc-
cupy 30% of the lower surface. It prefers open ar-
eas; its growth is inhibited under a dense man-
grove forest canopy, but where there is a dense A.
aureum cover, mangrove forest recovers badiy. In
mangrove reforestation programmes, A. aureum
can he a noxious weed.

Other botanical information A. aureum may
be confused with A. speciosum Willd. A. specio-
sum, however, can be distinguished by its smaller
gize {up to 1.5 m tall), its brownish-green young
leaves, its acuminate sterile pinnae, and the dark
brown lower surface of fertile pinnae. In the Bogor
Botanical Garden (Indonesia), A. speciosum has
been grown successfully in fresh water for more
than 10 years. There are 3 species in the genus,
the third one (A. daneifolium Langsd. & Fischer)
is nectropical. Acrostichum L. is also classified as
belonging to the family Adiantaceae.

Ecology A. aureum is a facultative halophyte,
commonly found in coastal areas, in open mud
flats in brackish swamps, in disturbed or clear cut
mangrove forests and along tidal streams. In
Muara Pasir, East Kalimantan (Indonesia) it
tends to be a noxious weed in the mangrove forest,
which is dominated by Avicennia officinalis L.
Dense growth of A. aureum interferes with the
natural regeneration of mangrove species. A, qu-
reum does not tolerate as much inundation by sea-
water as does A. speciosum; it prefers the drier
parts of the mangrove areas and it continues to
grow inland, surviving also in fresh water at alti-
tudes up to 100{-300) m. There is one extraordi-
nary record of A. aureum growing at 550 m, 400
kmn inland on highly saline, mineral rich soil next
to hot springs. Young plants are often found in
sheltered locations on rocky shores, but in such
positions they rarely attain any size.

Propagation and planting Natural propaga-
tion and regeneration of A. gureum is by spores.
Vegetative propagation is possible by clump divi-
sion and by rhizome cuttings,

Husbandry A. gureum is not cultivated com-

mercially. Large plants are generally intolerant of
disturbance, whereas small specimens will adapt
to cultivation readily. Full sunlight and plenty of
moisture are required throughout its growth. It is
also possible to grow A. aureum in pots. A recom-
mended potting mix is a ratio of 1-1-2 of vegetable
mould, sand and leaf mould respectively with pH
5.5-6.5.

Genetic resources and breeding No germ-
plasm collections nor breeding programmes are
known to exist for A. qureum. Because it is a
pantropical fern species, often occurring as a
weed, there is up to now no danger of extinction.

Prospects A. aureum has proved to be useful as
a vegetable, for roofing and in traditional medi-
cine. The natural habitats of this fern are facing
serious destruction due to the accelerated ex-
ploitation of mangrove areas for timber and fire-
wood or conversion of the land for other purposes.
Further research towards its domestication, as a
means for its conservation, deserves more atten-
tion.

Literature |1/ Amoroso, V.B., 1990. Ten edible
economic ferns of Mindanao. The Philippine Jour-
nal of Science 119 (4); 295-313. |2| Bunnag, C.,
Dhorranintra, B., Limsuvan, S. & Jareoncharsri,
P., 1989. Ferns and their allergenic importance:
skin and nasal provocation tests to fern spore ex-
fract in allergic and non-allergic patients. Annals
of Allergy 62(6): 554-558. 13| Holttum, R.E., 1966.
A revised flora of Malaya. 2nd Edition. Vol. 2.
Ferns of Malaya., Government Printing Office,
Singapore. pp. 409-410. 4| Prakash, A.Q., Saxe-
na, V., Shukla, S., Tewari, R.K., Mathur, 8., Gup-
ta, A., Sharma, 8, & Mathur, R., 1985. Anti-im-
plantation activity of some indigenous plants in
rats. Acta Europaea Fertilitatis 16(6): 441-448. |5l
Sukardjo, S., 1988. Komunitas Acrostichum au-
reum L. di hutan mangove Avicennia officinalis L.
Muara Pasir, Sungai Kandilo, Kalimantan Timur
[Community of Acrostichum aureum L. in the Avi-
cennia officinalis 1. mangrove forest of Muara
Pasir, Sungai Kandilo, East Kalimantan]. Rimba
Indonesia 22 (1-2): 59-74.

Dedy Darnaedi & Titien Ngatinem Praptosuwiryo

Adiantum L.

Sp. pl.: 1094 (17563); Gen. pl., ed. 5: 485 (1754).

PIERIDACEAR

x = 30 (many aneuploids and polyploids exist);
A, capillus-veneris: 2n = 60, 120; A. caudatum:
2n =60, 80, 120; A. philippense: 2n = 60
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Major species and synonyms
- Adiantum capillus-veneris L., Sp. pl. 1096

{1753).

- Adiagntum caudatum L., Mant. pl: 308 (1771),
synonyms: A. hirsutum Bory (1804), A. ciliatum
Blume (1828}, A. malesianum Ghatak (1963).

- Adiantum flabellulatum L., Sp. pl.: 1095 (1753),
synonym: A. bonit Christ. (1894).

- Adiantum philippense 1., Sp. pl.: 1094 (1753),
synonym: A. lunulatum Burm.f. (1768).
Vernacular names General: maidenhair ferns
{En). Chevelure, sieplier (Fr). Indonesia: suplir.
Vietnam: chi tloslc vleej] n[uwx].

- A. capillus-veneris. Venus hair fern, common
maidenhair fern (En). Southern maidenhair
(Am). Philippines: kulantrillo de Alambre, let-
tuce de Alambre, Thailand: foen kan dam {cen-
tral), kut pha (northern), phak waen han (east-
ern). Vietnam: c[aaly r{aslng.

- A. caudatum. Slender maidenhair (Am). Indone-
sia: suplir berekor. Philippines: alambrilong, gu-
bat. Thailand: hang nak bek, tin tukkae (cen-
tral), kut namkhao (northern). Vietnam: claaly
rlows] den.

- A, flabellulatum. Indonesia: paku angin-angin.
Vietnam: c[aaly vios]t, tlos]c vieej] n[uwx].

- A. philippense. Indonesia: kamuding, Malaysia;
paku sisek, paku mega. Philippines: kaikai, ku-
lantrillo, palsik. Thailand: hang chingcha (pe-
ninsular), kat hu khwak, hua khwak (south-
eastern).

Origin and geographic distribution The
most primitive representatives of Adiantum occur
in the 0ld World tropics but most species are pre-
sent in the American tropics. It is distributed
pantropically with extensions to the subtropics
and even temperate regions. The total number of
species is disputed, but is in the range of 150-200.
In South-East Asia 10-20 species are present. A.
capillus-veneris is found all over the world in
warm temperate and subtropical climates; in the
tropics it ig less common but is often found culti-
vated as an ornamental. A. caudatum is widely
distributed in the Old World tropics from Sri Lan-
ka throughout tropical Asia to the Pacific islands.
A. flabellulatum oceurs from India and southern
China throughout South-East Asia to Taiwan and
southern Japan. A. philippense is distributed
throughout the tropics from the Old World. Many
Adiantum species, including the major species
mentioned here, are also widely cultivated as in-
door and outdoor ornamentals,

Uses The beautiful habit of Adignfum species
makes them attractive for indoor {cool climates)

and outdoar (warm climates) decorative ornamen-
tals; A. caudatum and A. philippense particularly
are also used in hanging baskets or pots. Most
species are also used medicinally. In many Euro-
pean pharmacopoeias the rhizome and leaves of A.
capillus-veneris are considered antiparasitic, anti-
tussive, expectorant, demulcent, febrifuge, haemo-
static, refrigerant, tonic and mildly astringent,
and infusions or syrups are recomimended in chest
disorders, bronchitis, nasal catarrh, laryngitis and
to aid detoxification for alcoholics. In Colombia it
is used as diaphoretic and emollient as well as for
problems of the urinary tract. Externally, it is ap-
plied to alleviate insect stings and snake bites. An
infusion serves as shampoo against dandruff and
other skin problems and is said fe promote hair
growth. Very young shoots, when still tightly
coiled, are eaten as a vegetable. The petioles and
rachises of the leaves are sometimes used to make
baskets. In South-East Asia A. caudatum and A.
philippense have the same medicinal uses as A.
capillus-veneris in Europe and a number of Adi-
antum gpecies are used likewise in South Ameri-
ca. In the Philippines, the leaves of A. caudatum
are also used internally against diabetes, cough
and fever. Pounded leaves of A. philippense are
applied for poulticing swellings, whereas a decoc-
tion is used to alleviate stomach-ache, colic,
dysentry and is considered to be a uterine tonic af-
ter childbirth.

Production and international trade Maid-
enhair ferns are commonly cultivated commercial-
ly and non-commercially all over the worid. Trade
in northern America, Europe and Australia is be-
lieved to reach impressive quantities, but statis-
tics are lacking. In South-East Asia production
and trade are on a much smaller scale, mostly lo-
cally, both for medicinal and ornamental uses,

Properties In general the Old World species of
Adiantum are richer in proanthocyanins, simple
flavonoids and simple cinnamic acid esters when
compared to New World species, which might
mean that the New World species are more ad-
vanced. A. capillus-veneris has an aromatic lily
fragrance; some of its constituents {present in all
parts) include filicine, filicinal, fernene, [B-sitos-
terol, stigmasterol, gallic acid, capillarine (bitter
principle), terpencids (adiantone), flavonoids
(kaempferol, rutin, quercetin), cinnamic esters,
amygdalin, saponin, mucilage and tannin. In Eu-
rope, the use of Adientum as a drug has been well
known since antiquity. It is used to treat various
illnesses of the respiratory tract and is taken in
the form of tea (infusion) or syrup (extract). Be-
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cause of the similarity of the glossy blackish peti-
ole and rachis to pubic hair, the drug was used to
promote pubic hair growth and dark hair colour.
There are reports of dried maidenhair (used as a
herbal medicine) being made impure by the addi-
tion of leaves of Pteridium aquilinum (L.) Kuhn.
Extracts of A, capillus-veneris show antimicrobial
activity at a concentration of 2 mg/ml against
Bacillus subtilis, Condida albicans, Candida
pseudotropicalis (synonym: Candida kefyr), Es-
cherichia coli, Proteus vulgaris, Pseudomonas
aeruginosa and Staphylococcus aureus. In A. ca-
pillus-veneris a volatile oil is present of which
both aqueous and alcoholic extracts of 0.02 mg/ml
inhibited the growth of Aspergillus flavus, As-
pergillus niger, Aspergillus fumigatus, Bacillus
subtilis, Corynebacterium ovis, Streptococcus pyo-
genes and Trichophyion mentagrophytes. Wounds
created surgically in the thigh of guinea pigs and
infected with Streptococcus pyogenes healed in
10-14 days when treated with aquecus or alco-
holic extracts of the oil; healing took 8 days when
the wound was treated with terramycin. The in-
hibitory effect of the extracts is directly propor-
tional to the concentration of the applied oil. A
hypoglycaemic activity of the extract was dem-
onstrated to improve glucose tolerance. The aque-
ous extract of an unspecified Adiantum species
significantly inhibited aflatoxin production by As-
pergillus parasiticus on agricultural commodities
such as rice, wheat, maize and groundnuts. Ex-
tracts of A. caudatum reduced growth and germi-
nation of Alternaria brassicicola and Aspergillus
niger. Rhizome extracts were more toxic than leaf
extracts. Two friterpenoid constituents of A. mo-
nochlamys Eaton, nechop-12-ene and adiantane,
greatly inhibited Epstein-Barr virus activation in-
duced by the tumour promoter TPA.

Description Terrestrial (rupestral) ferns with
shiny black rachises and flabellate ultimate seg-
ments. Rhizome creeping to erect, scaly, Leaves
monomorphic or nearly so; petiole usually adaxial-
ly sulcate, not jointed to the rachis; lamina very
variable, simple to pinnately decompound, leaflets
dimidiate (half subcircular) or flabellate, herba-
ceous to papyraceous, glabrous or hirsute, veins
usually free. Sori along veins on inner face of re-
flexed marginal flaps (which thus serve as indusia
and also bear the sporangia); annulus of 13-30
thickened cells. Spores trilete, smooth, tetrahe-
dral-globose and with prominent angles, 25-50
pm in diameter.

- A. capillus-veneris. Rhizome short, creeping,
densely covered with narrow scales 3 mm long,

brown. Petiole 3-8 cm long, lustrous blackish-
purple as is the rachis; lamina bipinnate, in out-
line obleng-subdeltoid, 5-20 em x 3-5 cm, with
an apical leaflet, 3—4 pairs of lobed upper pinnae
and usually 2-4 pairs of basal pinnate pinnae;
basal pinnate pinnae 3-4 em long, alse with a
terminal and 1-4 pairs of smaller, sometimes
fan-shaped, stalked pinnules; lobed upper pin-
nae petiolate, subquadrangular, up te 1.5 cm x 1
cm, basal marging meeting at about a right an-
gle, distal margin lobed up to halfway into 4 or §
lobes which again are shallowly lobed; veins di-
chotomous, distinet, transparent but basal ones
blackish. Sori round or a little elongate, occupy-
ing less than the full width of the lobe.

- A, caudatum. Rhizome short, erect, scaly, bear-
ing a dense tuft of leaves; scales sublinear, 4-5
mm long, brown with pale edges. Petiole 4-15
em long, glossy purplish-black, densely covered
with stiff, spreading, dark reddish hairs; lamina
simply pinnate, linear-lanceolate in outline,
10-35 em x 2-4 em, apex without pinnae and
long flagellate (flagellum may start rooting),

Adianthum caudatum L. — 1, habit; 2, rhizome
scale fmuch enlarged); 3, leaflet with false indusia;
4, venation of leaflet; 5, sporangium and spores.
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usually densely hairy, middle pinnae largest,
lower ones usually slightly smaller, upper ones
gradually becoming much smaller; pinnae sub-
sessile, parallelogram-shaped, up to 2em x 1 em,
distal and lateral margins deeply lobed, lobes
lobed again; veins conspicuous on the upper sur-
face, radiating from the very short stalk. Sori on
the apices of the lobes, the reflexed flaps almost
circular or somewhat elongate, hairy.

- A. flabellulatum. Rhizome short, erect or ascend-
ing (rarely creeping), scaly, bearing a dense tuft
of leaves; scales sublinear, about 8 mm long,
shiny yellow-brown. Petiole 10-30(-50) cm long,
blackish; lamina pedate or tripinnate with a few
pairs of bipinnate pinnae, in outline up to 20 cm x
25 cm; upper pinnae and pinnules of the large
pinnae similar, pinnate with more than 10 pairs
of leaflets, linear, about 10 cm x 2 cm; leaflets fan-
shaped, distinctly stalked, 2 basal margins form-
ing a broad cuneate base, up to 15 mm x 13 mm,
distal margin round, serrate, glabrous, veins not
raised; fertile leaflets usually not longer than 1
cm. Sori round to elongate, up to 5 mm long,

— A. philippense. Rhizome short, suberect, scaly at
the apex; scales sublinear, up to 3 mm long,
brownish-black. Petiole up to 10(-25) em long,
bright brown to black; lamina simply pinnate, in
outline 15-30 cm x 10 ¢m, usually bearing 8-15
alternate pinnae and an abnormal terminal
leaflet or with prolonged, leafless rachis that
may start rooting at the tip when in contact with
soil; stalks of pinnae up to 2 cm long; leaflets
crescent-shaped, 1-5 cm x 0.5-1.5 cm, base sub-
cuneate, outer margin an almost even curve, en-
tire, crispate or lobed, thin, glabrous, veins fine
and slightly raised, many times forked. Sori
with reflexed, elongate soral flaps 5-8(-15) mm
long; sporangia small, annulus about 18 thick-
ened cells. Spores tetrahedral.

Growth and development About 3 months af-
ter sowing, the spores of Adiantum germinate into
prothalli. The gametophyte is cordate, symmetri-
cal, with a thickened central cushion and thin bor-
ders. Antheridia are mostly in the basal region
ameng rhizoids, the archegonia more apical on the
thickened portion. After fertilization, young sporo-
phytes develop in 4-6 months and the fern fully
grown by about 12 months. After 2-3 years the
fern starts producing spores.

Other botanical information Adiantum ferns
are easily recognized by the dark polished peti-
oles, the absence of a conspicuous midvein on the
leaflets or segments and the false indusium
formed by a fold of the leaf margin bearing the

sporangia on its underside. Adianfym is an old
and morphologically isolated genus. It has been
variously classified, e.g. in Adigntaceae (Holttum
and many authors), Parkeriaceae (Flora of Thai-
land)}, Polypodiaceae (Fern flora of Java), Pteri-
daceae (Kubitzki, followed here). In the Pter:-
daceae, it is classified in the subfamily Adian-
toideae with Adiantum as the only genus. Within
the genus various groupings have been proposed

{based on anatomy, morphology, and chemistry),

but a thorough, up-to-date, worldwide revision, in-

corporating all findings, is missing.

— A. capillus-veneris. Because of its wide distribu-
tion, numerous forms have developed, with vari-
ations in leaf form, size and even chemical con-
tent. Many cultivars have been distinguished for
ornamental use, particularly in the United
States and Great Britain. Some well-known cul-
tivars are; ‘Fimbriatum’, Imbricatum’, ‘Magnifi-
cum’, ‘Mairisii’ and ‘Scintilla’, The North Ameri-
can A. pedatum L. is often used as a substitute
for its medicinal uses.

- A. caudatum. This species is for tropical South-
East Asia what A. capillus-veneris is for the non-
tropics. In the past A. coudatum was considered
a very variable species; variations were some-
times distinguished as varieties and cultivars
were developed for ornamental use. In a narrow-
er species concept, the A, caudatum complex is
subdivided into 4 species, which can be distin-
guished as follows (the distribution and ecologi-
cal requirements are similar for all):

— A coudatum: pinnae sessile, rachis hairy, pin-
nae hairy, lobed more than halfway towards
the costa; veins prominent with white setose
hairs; indusial flaps almost circular;

- A. zollingeri Mett. ex Kuhn (synonym: A. cau-
datum var. subglabrum Holttum): pinnae ses-
gile, rachis hairy, pinnae glabrous, lobed less
than halfway towards the costa; veins not
prominent, brown hairy; indusial flaps broad-
er than long,;

- A. edgeworthii Hook. (synonym: A. caudatum
var. edgeworthii (Hook.) Bedd.): pinnae sessile
with completely glabrous rachis;

— A. soboliferum Wall. ex Hook. {synonym: A.
caudatum var. soboliferum Bedd.): pinnae
stalked, glabrous, crescent-shaped, longer than
2 cm, petiole and rachis distinctly winged.

- A. flabellulatum. It is closely related to the more
common South-East Asian A. stenochlamys Bak.
which has distinctly pinnate leaves with more
widely spaced leaflets that are almost symmetri-
cal.
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— A, philippense. Owing to its wide range this
species is very variable; in deep shade leaflets
become larger and thinner, in exposed situations
plants can become dwarfed. It is closely related
to A. soboliferum, which has a distinetly winged
petiole and rachis. Specimens from China (2n =
60) have (16) 32 spores in each sporangium in-
stead of the usual 64 and may be agamosporous
diploids.

A. tenerum Swartz (brittle maidenhair) is one of

the non-indigenous Adiantum species most com-

monly cultivated (that often escapes) in South-

East Asia as an ornamental with numerous at-

tractive cultivars. In tropical America, where it

originates, it is also used medicinally.

In the American continent A. raddianum Presl is

the most important ornamental species of which

numerous cultivars have been developed. In India,

China and Nepal A. venustur D). Don is an impor-

tant ornamental.

Ecology All maidenhair ferns prefer light shade
and ample moisture. A. capillus-veneris prefers a
subtropical and warm temperate climate and of-
ten grows near streams in spray and in light
shade at low altitudes. It is not well suited for per-
humid tropical climates, where it can survive in
exposed but moist locations on walls but where it
does not reproduce freely. It can survive tempera-
tures ag low as -2°C, but growth is then complete-
ly seasonal. Of the cultivated species A. capillus-
veneris is perhaps the most adaptable, with culti-
vars for different ecological circumstances. A. cau-
datum is most suited to drier and more seasonal
climates, on well-drained soils such as limestone,
from sea-level up to 1200 m altitude. The pinnae
are sometimes deciduous and in very dry condi-
tions the leaves curl up. A. flabellulatum prefers
humus-rich soils in rather open forest up to 1500
m altitude. A. philippense grows in almost the
same habitat as A. caudatum, but is more deli-
cate. It grows from sea-level up to 1000(-1400) m
on rather dry slopes or on muddy crevices of rocks
in light shade or sometimes on the humus-rich
floor of dense montane forest. Aboveground parts
disappear in the dry months.

Propagation and planting Adiantum can be
propagated by spores, rhizome parts and clump
division. When sowing spores, the planting medi-
um and container should be sterilized before use.
Moist fine compost or sphagnum alternated with
layers of wet crushed brick or gravel are suitable.
The container is covered with glass or polythene
sheeting, kept in the shade with a temperature
between 18-24°C, and regularly sprayed with wa-

ter. Often evaporation from the container itself is
sufficient for germination. After 3 months the con-
tainer will have become very crowded with pro-
thalli. The prothalli should be moved to ancther
container with the same medium at a spacing of
about 2.5 cm. After 4-6 months young ferns will
be 5-10 em tall and should be transplanted to an-
other container. By 10-12 months the ferns are
fully developed. Propagation by clump division is
easier and faster, The clump is taken out of the
container, cut with a sharp knife and the new sec-
tions can be grown as separate plants. Adigntum
grows well on soils rich in organic matter, such as
peat moss or leaf mould mixed with coarse sand or
loam, with pH 6.5-7.

Husbandry Adiantum grows well on sites free
from wind and drying drafts since the foliage is
easily desiccated or damaged by air movement. A
relative humidity of 50-80% is preferred. A fine
spray or mist of water applied on warm dry days
will help to protect the leaves against burning but
good drainage is important as Adiantum ferns do
not withstand waterlogging. Regular fertilizer ap-
plication is recommended (for example every 2-3
weeks with a balanced NPK mixture). Old leaves
should be removed regularly to provide space for
new ones and to allow some light to penetrate the
inner part of the clump. During winter or the rest-
ing season all leaves can be cut back and the
plants enter a resting period until the new grow-
ing season.

Diseases and pests Adientum is particularly
susceptible to attacks by snails, slugs, pill bugs
and sow bugs. Persistent use of baits and poisons
offers protection.

Harvesting For ornamental use, Adianfum
plants grown from spores can be traded about one
year after sowing. Plant parts are harvested in
the growing season whenever needed for medici-
nal uses.

Handling after harvest For medicinal use
harvested leaves and rhizomes of Adiantum can
be dried and stored.

Genetic resources and breeding There are
no known germplasm collections of Adiantum, but
commercial growers keep their stock of cultivars
and various interesting forms. Some breeding for
improved ornamental cultivars is carried out in
the United States.

Prospects Adigntum is a popular ornamental
all over the world. It is worthwhile investigating
the possibilities for large-scale cultivation of local-
ly available species and cultivars in South-East
Agia. The medicinal properties of the South-East



AMPELOPTERIS 55

Asian Adiantum need further research.
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Ampelopteris prolifera (Retz.) Copel.

Gen. fil.: 144 (1947).

THELYPTERIDACEAE

2n=72

Synonyms Hemionitis prolifera Retz. (1791),
Goniopteris prolifera (Retz.) Presl {1836), Am-
pelopteris elegans Kunze (1848).

Origin and geographic distribution A. pro-
lifera is widely distributed in the Old World trop-
ics, from West Africa and tropical mainland Asia
to north-eastern Australia (to 30°S) and New
Caledonia. It occurs throughout South-East Asia,
but has not often been collected; it iz absent in
southern Peninsular Malaysia.

Uses Although not often collected, young leaves
of A. prolifera are eaten as a raw or cooked veg-
etable, especially in India, where they are consid-
ered inferior in taste to those of the more common-
ly eaten Diplazium esculentum (Retz.) Swartz. In
traditional medicine in India, the leaves of A. pro-
{ifera are used as a laxative and in Tanzania the
leaf-zap is added to a mixture which is drunk to
treat meningitis and encephalitis.

Properties A leaf extract of A. prolifera showed
antiviral activity against cucumber mosaic virus.

Description A large, scrambling (2-4 m long),
usually sterile fern with proliferous buds scat-
tered along the leaf rachis which develop into new
plants, Rhizome short-creeping, 4-10 mm in diam-
eter. Leaves approximate, arching; proliferous
buds common in the axils of the pinnae; petiole
12-50 cm long, pale brown, glabrous; lamina nar-
rowly lanceolate to narrowly elliptical, 27-150 em
x 9-26 c¢m, pinnate, apex indeterminate, papery,
both surfaces glabrous; leaves from plants formed
by proliferation from buds much smaller, usually

5]
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i

Ampelopteris prolifera (Retz.) Copel, — 1, habit of a
leaf part; 2, schematic view habit plani; 3, young
plant proliferating from axil of pinna; 4, pinna-
lobes with sort; 5, pinna-lobes showing venation.
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with pinna-like terminal lamina; pinnae numer-
ous, the basal pairs distant, the distal ones more
closely spaced and smaller, the basal 3-4 pairs
gradually reducing in size; rachiz with forked
hairs or glabrous; midrib above with short hairs,
beneath likewise veins very sparsely set with
minute hairs, becoming glabrous in older leaves,
midrib also bearing a few ovate or peltate, ciliate
scales; buds producing long secondary leaves com-
mon in the axils of the pinnae; pinnae oblong,
10-15(-20) em x 1.5-2 cm, sometimes fertile from
a size of 3.5 em x 0.8 em, base truncate to subcor-
date, subsessile, the basal lobe often overlapping
the rachis, margin crenate, often very shallowly
and irregularly so, lobed to a depth of 2 mm, apex
acute to acuminate, rather evenly attenuate; sec-
ondary veins numerous, 3—4 mm apart, tertiairy
veins per pinna lobe up to 12 pairs, 4-7 pairs of
anastomosing veins below the shallow sinus unit-
ing alternately to form a zigzag intermediate ex-
current vein. Sori circular to elongate, 4-12 on
each side of the primary veins, on apical parts of
the veins, without indusium, with orange capitate
paraphyses, at maturity uniting with adjacent
sori, Spores closely and irregularly spinulose.

Other botanical infermation There is no gen-
erally accepted scientific name for this fern be-
cause specialists disagree about the delimitation
of genera within the large family Thelypteri-
daceae. In addition to those mentioned under the
synonyms, the species has also been named in the
genera Cyclosorus Link, Dryopteris Adans., Me-
niscium Schreb., Phegopteris (Presl) Fée, Poly-
podium L. and Thelypteris Schmid. Sometimes the
monotypic genus Ampelopteris Kunze is consid-
ered as a subgenus in the larger genera Cy-
closorus or Dryopteris. A. prolifera is distinguish-
ed from other species with similar venation pat-
tern by its adventitious leaf buds able to produce
new plants (as reflected in the specific name) and
its elongate sori without indusium.

Ecology A. proliferac grows mostly in full sun-
light in freshwater swamps at low altitudes, usu-
ally below 300 m but occurring as high as 1000 m,
or close to the edge of rivers where the rhizomes
often root in the water. The proliferous stems may
grow in the water. The freely proliferating buds
result in effective local spread and it is significant
that fertile leaves are rarely recorded (only in dry
climates). It has been suggested that the plant
spreads along river systems by flood waters
breaking off leaves and depositing them on the
river banks further downstream.

Genetic resources and breeding Neither

germplasm collections nor breeding programmes
are known to exist for A. prolifera. Since it is wide-
spread and rather common, it does not seem in
danger of extinction.

Prospects The use of the leaves of A, prolifera
as a vegetable would justifies research on the nu-
tritional value and cultivation requirements. The
cultivation of the fern does not seem to present big
problems because the proliferous buds make vege-
tative propagation easy.
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Economic ferns, endemic ferns, gymnosperms.
Natural Resources Management Center, Ministry
of Natural Resources and University of the Philip-
pines, Goodwill Bookstore, Manila, The Philip-
pines. p. 33.

W. P. de Winter

Amphineuron terminans (Hook.)
Holttum

Amer. Fern Journ. 63: 82 (1973).

THELYPTERIDACEAE

2n = 144 (tetraploid)

Synonyms Nephrodium ferminans Hook.
(1862), Cyclosorus interruptus sensu Holttum
(1955), Thelypteris terminans (Hook,) Tagawa &
K. Iwatsuki (1975).

Vernacular names Philippines: lokdo.

Origin and geographic distribution A. fer-
mingns is distributed from southern India, Sri
Lanka and southern China (Hainan, Macao)
throughout South-East Asia to Australia {Queens-
land to 18°3). Sporadically, it has also been found
in Central Africa and Fernando Poo.

Uses In some parts of the Philippines, the stems
of A. terminans are crushed and the vascular
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strands extracted for use as decorative weaves in
baskets.

Properties The vascular strands of A. termi-
nans which are used for decorative weaves in bas-
kets are of inferior quality and are not strong.

Description Rhizome long-creeping, 5 mm in
diameter (dry); scales narrow, setiferous, up to 6
mm long, brown. Leaves tufted, pinnately com-
pound; petiole up to 50 cm long, flushed dull red-
dish, minutely hairy, glabrescent abaxially, basal
scales about 8 mm long; lamina subelliptical in
outline, up to about 80 em x 40 cm, pinnate, apex
similar to the lateral pinnae or somewhat broad-
ened and few lobed at the base; abaxial surface of
costae, costules and veins bearing short acicular
hairs, longer hairs usually lacking; subsessile, al-
most spherical, rather pale glandular hairs abun-
dant on distal veins, usually few and smaller on
lower veins; very short acicular hairs often pre-
sent between veins; adaxial surface of costae bear-
ing antrorse pale acicular hairs, similar hairs
scattered on costules and veins, some hairs also on
surfaces in exposed plants; copious, small, yellow
glands present along veins near segment margins;

Amphineuron terminans (Hook,) Holttum - 1,
habit leaf part; 2, 3, pinnae-lobes; 4, sporangium.

up to 25 pairs of pinnae; rachis bearing short acie-
ular hairs; pinnae oblique, always distinctly nar-
rowed at their bases, 17-20(-29) em x 1.7 cm, if
longer not more than 2 cm wide; basal pair some-
what reduced, rarely very small; base of middle
pinnae broadly cuneate to truncate, lobed 1/3 to-
wards costa or less deeply, apex acuminate; lobes
as wide as long or wider with forward pointing tip,
apex broad asymmetrical; venation costules 4-5
mm apart, usually at a less than 60° angle to cos-
ta; veins 6-9 pairs, basal pairs spreading at a
broad angle to their costules and always anasto-
mosing, uniting to form a rather long excurrent
vein to the sinus; next veins very oblique; 1 or 2
ending beside the sinus-membrane, Sori orbicular,
supramedial, confined to the upper veins, thus oc-
cupying only the lobes of the pinnae leaving a
broad sterile zone on either side of the costa; indu-
sium reniform, persistent, setulose , large, thin,
often with some short acicular hairs and a few
small, yellow, glandular hairs which are not mar-
ginal. Spores dark, irregularly rugose or with ir-
regular thick and more or less branched ridges.
Growth and development The gametophyte
of A. terminans is symmetrically cordate, with on
all parts unicellular chlorophyllous hairs with
swollen, rounded tips that become wax-encrusted.
Other botanical information The family The-
{vpteridaceae has no close living relatives and its
affinities are not known for certain. Some authors
have argued that the family is closest to the genus
Cyathea J.E. Smith because of several common
characters, Others, however, have pointed to
other contradictory characteristics. Cladistic re-
search based on morphological as well as molecu-
lar characters strongly support the relationship
with the polypodioid ferns. The taxonomy of the
family is confusing because there are many differ-
ent opinions about the number and delimitation of
genera. Here the Flora Malesiana (Holttum) view
ig followed, in which the family is subdivided into
25 genera (for the Old World species). Often the
differences between genera are vague and include
characters of minute glands and hairs, requiring
30 x magnification or greater for observation,
Moreover, hybrids between genera seem to exist
(having intermediate characters of the genera)},
which would favour a much wider genus concept.
Amphineuron Holttum comprises about 12 spe-
cies, all occurring in South-East Asia; other au-
thors include Amphineuron in Cyclosorus Link or
in Thelypteris Schmidel. Amphineuron is closely
related to the genus Christella Léveillé (about 50
species, distributed in tropical Asia and Africa).
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The two most widely distributed Amphineuron
species, A. ferminans and A. opulentum (Kaulf.)
Holttum, are both variable and have a complex
nomenclatural and taxonemic history. They prob-
ably also hybridize {possible examples have been
found in Thailand). A. opulentum seems to be
adapted to semi-exposed locations among rocks,
especially in areas with a dry season; it can be dis-
tinguished from A. ferminans by its shorter creep-
ing rhizome and its pinnae that are lobed more
than halfway to the costa.

Ecology A. terminans is a terrestrial fern, com-
mon in thickets on hillsides, in localized wet
patches along river banks and in valleys at low
and medium altitudes. It occurs abundantly in ar-
eas with a distinct dry season, in rather open but
not too dry locations,

Propagation and planting Although A. termi-
nans is hardly cultivated commercially, it can be
propagated by spores, and more easily by rhizome
cuttings. In natural habitats it spreads quickly
due to its long creeping rhizomes. The plants can
be grown in large pots but are best suited to cul-
ture in the field.

Genetic resources and breeding Its wide dis-
tribution and abundance in certain habitats more
or less guarantees the survival of A. terminans,
for which neither germplasm collections nor
breeding programmes are known to exist.

Prospects [t is not expected that A. terminans
will become more important in the future; possibly
its ornamental value deserves better investiga-
tion.

Literature |1/ Holttum, R.E., 1966, A revised
flora of Malaya. 2nd Edition. Vol. 2. Ferns of
Malaya. Government Printing Office, Singapore.
pp. 262-264, (2| Holttum, R.E., 1982. Thelypteri-
daceae. In: van Steenis, C.G.G.J. & Holttum, R.E.
(General editors): Flora Malesiana, Series 2.
Pteridophyta (Ferns & fern allies). Vol. 1, part 5.
Martinus Nijhoff / Dr W. Junk Publishers, The
Hague, The Netherlands. pp. 5456-547. 13| Smith,
AR., 1990, Thelypteridaceae. In: Kramer, KU. &
Green, P.S. (Volume editors): Pteridophytes and
gymnosperms. [n: Kubitzki, K. (Series editor): The
families and genera of vascular plants. Vol 1.
Springer-Verlag, Berlin, Germany. pp. 263-272.
|4] Zamora, P.M. & Co, L., 1986. Economic ferns,
endemic ferns, gymnosperms. In: Umali, R M. et
al. (Editors): Guide to Philippine flora and fauna.
Vol. 2. Natural Resources Management Center,
Ministry of Natural Resources and University of
the Philippines, Quezon City, Philippines. p. 34.

W. P. de Winter

Angiopteris evecta (G. Forst.) Hoffm,

Commentat. Soc. Regiae Sci. Gott. 12: 29, t. 5
{17926).

MARATTIACEAE

2n =80, 160

Synonyms Polypodium evectum G. Forst.
(1786), Angiopiteris palmiformis (Cav.} C. Chr.
(1937).

Vernacular names King fern, giant fern, ele-
phant fern (En, Am). Indonesia: paku gajah (gen-
eral), sibakkat-laggai (Siberut). Malaysia: paku
gajah. Papua New Guinea; faflako (Wantipi, Se-
pik), sagonefos. Philippines: pakong kalabaw (Ta-
galog), salagisog, andawigay {Binukid)., Singapo-
te: paku gajah, Thailand: wan kip raet (general),
wan kip ma, kip ma lom (northern}.

Origin and geographic distribution A. evec-
ta is widespread in the Qld World tropics from
Madagascar and tropical Asia, throughout South-
East Asia, to Australia and Polynesia. Elsewhere
it is sometimes naturalized, e.g. in Jamaica and
Hawaii.

Uses The starchy stipules of A. evecta have
been eaten in times of starvation in Papua New
Guinea and have been used for brewing alcohol,
the young leaves are eaten in Ambon and croziers
as an ingredient of stew in the Philippines. Many
traditional medicinal uses are known: a decoction
of the rhizome has been used to arrest the dis-
charge of blood after a miscarriage and rhizome
boiled with green beans to treat beriberi. In
Siberut (Indenesia) a decoction of the leaves of A,
evecte and Diplazium esculentum (Retz.) Swartz
is given to pregnant women to treat backache, but
to treat heavy backache a concoction is made of
the root of A. evecta, the inflorescence of Etlingera
punicea (Roxb.) R.M. Smith and Hedychium coro-
narium Koenig, and the leaves of Kaempferic
galanga L. The rhizome is chewed together with
ginger and betel to treat spitting blood, especially
if caused by poisoning. The pounded stem is used
as an ingredient for cough medicine and the stip-
ules as a poultice for abdominal pain. In Papua
New (Guinea, leaves are bound to fractured limbs
to aid healing and the mucilage from the leaves is
also applied to the body to reduce high fevers;
fresh leaves are used as a poultice for stomach-
ache. In the Philippines pulverized young tender
leaves are used as a poultice for swellings. A.
evecta is cultivated as an ornamental in South-
East Agia.

Production and international trade A. evec-
ta is not cultivated commercially and no interna-
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Angiopteris evecta (G. Forst.) Hoffm. — 1, habit; 2,
main rachis with swollen bases of the pinnae; 3,

petiole base with stipules; 4, part of pinnule show-
ing venation and recurrent veins,; 5, sori,

tional trade exists. Plants grow wild or as an orna-
mental in domestic gardens.

Properties No nutritional analysis of A. evecta
is known; the stipules contain starch grains.

Description A fleshy, robust, terrestrial fern,
developing a stout stem and tall bipinnate leaves
(up to 6 m leng). Rhizome short, fleshy, massive,
erect, forming a clump up to 1 m tall and 0.5(-1) m
in diameter, partly concealed by persistent fleshy
stipules of previous and present leaves. Leaves
clustered at rhizome apex; petiole about 1/3 of the
leaf length, 1-1.5 m x 5 ¢m or more, base swollen,
with a pair of fleshy, rounded stipules 5 em long
and 7 em wide, dark green with scattered whitish
streaks, glabrous but when young more or less
covered with appressed, soft, brown, linear scales
and hairs that are soon deciduous; blade arching,
up to 6 m x 2 m, usually bipinnate, upper side
dark green, slightly paler at underside; rachis
green, sparsely and deciduously scaly like the pe-
tiole, especially on the underside; smaller rachides
narrowly alate distally; stipes of pinnae and pin-

nules swollen at the base; pinnae oblong-oblanceo-
late in outline, 1 m long or longer, midrib with 3
grooves above, terete below; pinnules usually
30-36 on a side, 2-3 cm apart, linear-oblong, up to
20 em x 2.5 cm, inequilateral at the base, margin
serrate with a small, blunt tooth at each vein,
apex acuminate-attenuate and serrulate; veins
simple or forked, raised and translucent; recur-
rent veing slender, usually conspicucus between
and parallel with main lateral veins. Sori short,
submarginal in an irregular line 0.5-1.5 mm from
the edge, on lateral veins, composed of a double
row of 3-7 sporangia that dehisce by vertical slits
to release several thousands of spores per spo-
rangium; receptacular hairs branched, usually
conspicuous. Spores trilete, globose, the surface
Iow tuberculate to rugate.

Growth and development A germinating
spore of A. evecta produces a flat, large, glabrous,
dark green gametophyte {prothallus) up to several
cm long and resembling an anthocerotoid liver-
wort. The gametophyte is mycorrhizal and as-
sumed to be as slow growing and long-lived in the
wild as it is in cultivation. The young fern embryo
(sporophyte) emerges through the dorsal surface
of the gametophyte. The first leaves borne by the
gporophyte are fan-shaped, later ones are pinnate,
mature leaves are bipinnate. The leaves are long-
lived. The degree of pinnation may be affected by
environmental factors and varies within a leaf or
between leaves. Immature leaves often bear spo-
rangia. Plants are long-lived, e.g. one individual
cultivated in the Bogor Botanical Garden (Indone-
sia) is over 50 years ald.

Other botanical information For Angiopteris
Hoffm. about 200 species have been described (in-
cluding for example in South-East Asia, A. am-
boinensis de Vriese, A. angustifolia C. Presl, A.
ceracea Alderw., A. lvgodiifolia Rosenst., A. palmi-
formis (Cav.) C. Chr,), but the specific classifica-
tion is still in confusion. Some authors consider all
described species as variations of only one species
A, evecta. The general characters of all so-called
species are very much alike but they differ in de-
tails. The original A. evecte was found in Tahiti.
In South-East Asia most specimens belong to A.
evecta, with pinnules usually 2.5 cm wide and the
recurrent veins not translucent beyond the sori.
Specimens with pinnules about 1.5 cm wide and
recurrent veins translucent almost to the midrib
of the pinnule have been classified as A. angustifo-
lin Presl which is commonly considered as a dis-
tinct species growing particularly in mountainous
regions of over 1200 m altitude. The ‘recurrent
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veins’ are lines which run from the margin be-
tween the true veins, starting in the sinus he-
tween two marginal teeth; they are often translu-
cent; their structure is the same as that of the
edge of the leaflet and possibly they indicate that
ance Angiopteris had more finely divided leaves
but the finer divisions have joined together, the
edge-characters persisting in the junctions. Plants
with dense scales borne on podia on the petiole, or
with simply pinnate leaves, or much broader pin-
nules, are referred to other species. Sterile plants
of the closely related genus Marattiac Swartz may
be confused with Angiopteris.

Ecology A. evecta is a plant of wet tropical and
subtropical primary and secondary forests, It often
occurs on shady stream and river banks or steep
clay slopes, along trails and edges of open areas in
the forest, from sea-level up to 1200 m altitude. In-
troduced in gardens outside its natural distribu-
tion area, A. evecta is known to escape easily and
grows from spores transported over large distances
(over 50 km) when the climate is favourable. On
the Hawaiian island Maui, the spores were dis-
persed by wind to several nature reserves and it is
feared that the fern may soon spread to new areas
and occupy niches formerly occupied by endemic
Hawaiian ferns on all the islands.

Propagation and planting Prepagation of A.
evecta from spores is slow. Vegetative propagation
through the growth of adventitious buds on the
stipules is very effective and may be seen in wild
plants whose stipules have been damaged by for-
aging pigs. Plantlets developing from the swollen
leaf bases can be removed and planted separately
in loamy seil, rich in humus. Portions of the stip-
ule placed with the cut side down on soil or com-
post and kept damp, will eventually sprout.

Husbandry A. evecta is not cultivated commer-
cially, but it is a handseme and impressive garden
ornamental, It tolerates warm to cool conditions,
but should not be exposed directly to the sun.
Leaves droop dramatically under drought stress
and the fern does not tolerate dry conditions. Ade-
gquate water and humidity appear more important
than shade.

Diseases and pests A. evecta grown in a green-
house sometimes suffers from southern hlight by
Cortictum rolffsii. A pall mite causes a kind of er-
ineum of a callus nature on the underside of the
leaves.

Genetic resources and breeding Neither
germplasm collections nor breeding programmes
are known for A. evecta.

Prospects The medicinal value of parts of A.

evecta that are used in traditional medicine may
merit further pharmaceutical investigation. The
use of the starch in the stipules for famine food or
brewing alcohol has apparently been superseded
by the availability of better scurces of starch. The
prospects for ocrnamental use of A. evecta are good.
Literature /1| Bidin, A.A., 1987. Paku-pakis
ubatan di semenanjung Malaysia [Medicinal ferns
of Peninsular Malaysia]. Dewan Bahasa dan Pus-
taka, Kementerian Pendidikan Malaysia, Kuala
Lumpur, Malaysia. pp. 28-30. 12/ Holdsworth,
DK, 1974. Medicinal plants of Papua New
Guinea. Technical Paper No 175. South Pacific
Commission, Noumea, New Caledonia. p. 71. 13l
Holttum, R.E., 1966. A revised flora of Malaya.
2nd Editien. Vol. 2. Ferns of Malaya. Government
Printing Office, Singapore. pp. 43-45. 14| Tagawa,
M. & Iwatsuki, K., 1979. Marattiaceae. In: Taga-
wa, M. & Iwatsuki, K. (Volume editors), 1979
1989. Pteridophytes. In;: Smitinand, T., Larsen, K.
(Series editors): Flora of Thailand. Vol. 3. Forest
Herbarium, Royal Forest Department, Bangkok,
Thailand. pp. 41-43. 5| Zamora, P.M. & Co, L,
1986. Guide to Philippine flora and fauna. Vol. 2.
Economic ferns, endemic ferns, gymnosperms.
Natural Resources Management Center, Ministry
of Natural Resources and University of the Philip-
pines, Goodwill Bookstore, Manila, The Philip-

pines. p. 19.
W. P, de Winter & P.C.M. Jansen

Asplenium L.

Sp. pl.: 1078 (1753); Gen. pl., ed. 5: 485 (1754).

ASPLENIACEAE

x = 36; ploidy level of species varies from diploid
to 16-ploid

Major species and synonyms

— Asplenium nidus L., Sp. pl.: 1079 (1753}, syn-
onyms: Neottopteris nidus (L.) J. Smith (1842),
Thamnopteris nidus (L.) Pres] (1849), A. musi-
folium J. Smith ex Mett. (1859).

Vernacular names General: spleenwort (En).

Doradille (Fr}.

—A. nidus. Bird's nest fern (En). Indonesia; pakis
sarang burung (Indonesian), lokot (Kaliman-
tan), kadaka {Sundanese). Malaysia: daun se-
mun, paku langsuyar, paku pandan. Singapore:
rumah langsuyar {Malay). Philippines: pugad-
lauin, pakpak-lauin (Tagalog), dapong babae.
Thailand: kaprok hang sing, kaprok hua long
(south-eastern), katae tai hin (north-eastern).
Vietnam: rang be, tloor] chim.
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Origin and geographic distribution There
are more than 700 known species of Asplenium
and the total number is increasing steadily. They
are distributed all over the world but the majority
are found in the tropics and warm temperate re-
gions (about 30% in the neotropics, 22% in Africa,
33% in Asia, 10% in the Pacific and Australia, 5%
in Europe). In South-East Asia 40-50 species oc-
cur (e.g. about 25 in Java, 25 in Peninsular
Malaysia, 35 in Borneo, 40 in the Philippines, 40
in Indo-China and 35 in Thailand). A. nidus oc-
curs throughout the Old World tropics, from East
Afriea through India, Sri Lanka, throughout
South-East Asia to Taiwan, Australia, Tahiti and
Hawaii.

Uses Many Asplenium ferns are used mainly as
ornamentals. Particularly well known are the
bird’s nest ferns:

— A. antiguum Makino in Okinawa and Ryukyu
Islands;

— A, australosicum {J. Smith) Hook. in Australia
and New Zealand,

— A. nidus pantropically and

—A. phyllitidis D. Don in South-East Asia.

Many more species are used or have potential as

ornamentals, e.g.:

— A, bulbiferum Forst. f., mother fern, a viviparous
fern of Australia and New Zealand with finely
dissected leaves;

- A. ceterach L. (synonym: Ceterach officinarum
Willd.), the rust-back fern of the northern and
western Mediterranean;

- A. longissimum Blume from Indo-China to west-
ern Malesia;

- A. macrophyllum Swartz from East Africa to
Polynesia, including South-East Asia;

— A, marinum L., known as sea spleenwort in Eu-
rope;

—A. scoloperdrium L. (synonym: Phyllitis scolo-
pendrium (L.) Newman) known as hart’s-tongue
fern in Europe and the United States and of
which numerous cultivars exist;

— A, trichomanes L., the maidenhair spleenwort, a
temperate-climate species with numerous culti-
vars;

— A, viviparum C.B. Presl from Mauritius.

In the Philippines, A. nidus, in addition to being

an important ornamental, is also used for orchid

potting,

Many Asplenium species are also used medicinal-

ly. The Latin name ‘asplenium’ and the English

vernacular ‘spleenwort’ refer to their supposed
curative properties for spleen complaints, In Ma-
laysia A. nidus is traditionally used to improve

hair growth by frequent washing of the hair with
a decoction of a mixture of ground leaves and co-
conut milk; Sakai women take a decoction or infu-
sion of the plant in northern Pahang to ease
labour pain and in northern Perak against fever.
In Malaysia A. nidus is also believed to be the
home of the ghosts of women who died during
childbirth (langsuyar’). In the Philippines A.
nidus is thought to have depurative and sedative
properties. In Vanuatu young A. nidus leaves are
used as a contraceptive; two young, still curled
leaves (croziers) are eaten in the morning just af-
ter menstruation. To reverse sterility, 300 ml juice
of leaves of Hemigraphis reptans (G, Forst.) T. An-
derson ex Hemsley (Acanthaceae) should be drunk
for 2 days. Modern herbalists recommend A. sco-
lopendrium as a diuretic and expectorant, and to
treat obstructions of the liver and spleen. Several
other medicinal species are A. adientum-nigrum
L., A. ceterach L., A. felcatum Lamk, A. macro-
phyllum Swartz, A. polyodon Forst.f. and A. tri-
chomanes L. (anthelmintic, emetic, diuretic, laxa-
tive and to treat ophthalmia, jaundice and dis-
eases of the spleen}. In India A. frichomanes is
smoked to get rid of head cold whereas A. ruta-
muraria L. is used to cure rickets. A. monanthes
L. is reported as a diaphoretic in Peru and Colom-
bia. In North Africa and India {Madras), the rhi-
zome of A. falcatum is used to treat prolonged
malaria and in Venezuela A. auritum Swartz and
other aspleniums are used to alleviate fevers. A.
serratum L. is used in Colombia to treat liver
problems. Several species are used in Chinese
medicine: A. adiantoides L., A. incisum Thunb,, A.
nidus, A. sampsoni Hance, A. scolopendrium, and
A, yoshinagae Makino.

The young curled leaves (croziers) of A. ridus and
several other Asplenium species are eaten as a
vegetable (e.g. A. affine Swartz in Papua New
Guinea). In the inland areas of New Guinea A.
acrobryum Christ is used as a source of salt and is
known as the ‘New Guinea salt fern’. In certain
hill regions of Uttar Pradesh {India), A. polypodi-
oides, known as ‘lingura’ or ‘kothira’, is eaten as a
rainy season vegetable. Asplenium leaves are
chewed in Peru as a substitute for coca. The
midrib of A, nidus was used in Hawaii to decorate
woven mats.

Production and international trade Most
Asplenium ferns are only locally used. The culti-
vated ornamental species probably account world-
wide for a considerable amount of production and
trade, but statistics are not available.

Properties In-vitro tests of A. nidus extracts at
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concentrations of 2.5 mg/ml demonstrated oxytox-
ie activity on isolated rat uterus. In the Philip-
pines histochemical tests showed the presence of
alkaloids, tannin and oxalic acid in the leaves of
A, nidus. In older literature A. nidus is mentioned
as a source of salt in inland areas of Papua New
Guinea. Later investigations made it clear that
the source is not A. ridus but a closely related
group of other ferns, collectively named the A.
acrobryum complex. There seems to be no obvious
chemical reason why only this complex is used in
preference to A. nidus, as the salt productions are
comparable, consisting mainly of potassium, calci-
um and chloride.

Description Terrestrial, climbing or epiphytic
ferns; rhizome creeping or erect, scales usually
small, clathrate, dark. Leaves simple, pinnate or
more finely dissected, mostly less then 1 m long;
petiole often shiny black, grooved above, with 2
vascular strands at the base which unite upwards
into a single 4-armed strand; lamina usually with
grooved rachis and free veins. Sori usually rather
long, along and on one side of the veins, protected

Asplenium nidus L. - 1, habit plant; 2, leaf, with
sori at underside upper part.

by a narrow indusium, opening normally towards

the midrib of the leaflet; sometimes double sori or

sori of irregular orientation occur. Spores are bi-
lateral with perispore.

- A. nidus. Rhizome short, stout, erect or ascend-
ing, epiphytic, bearing a rosette of leaves at the
apex (forming the nest) and below the leaves
usually with a large mass of roots which hear co-
pious, persistent, brown root hairs; apex of rhi-
zome clothed with thin clathrate scales up to 2
cm % 3 mm, margins amply ciliate, black to pur-
ple-brown. Leaves simple, coriaceous; petiole up
to 5§ cm long, pale yellow to black; lamina nar-
rowly elliptical, 1-1.5 m x 6-30 cm, gradually
narrowed towards both ends, margin entire,
grass-green; midrib strongly raised above, flat
below, dark brown in old leaves, veins promi-
nent and close, once (sometimes twice) forked
near the midrib and then running parallel to
unite again near the margin to form submargin-
al veins about 0.5 mm inside the margin. Sori
elongate along veins in the upper half of the
lamina underside, extending as close (about 1
mm apart), parallel, brown lines from near the
midrib up to halfway (sometimes more} the mar-
gin; indusium about 0.5 mm wide, reflexed at
maturity; sporangium small, stalked, annulus
with 20-28 thickened cells. Spores with irregu-
lar, thickened wing, translucent light brown
when fresh, turning darker brown,

Growth and development Asplenium spores
germinate in shaded and moist soils, on rocks or
on tree trunks. The prothallus is of the common
cordate or elongate-cordate type, sometimes nak-
ed, sometimes bearing papillae or hairs. The nest-
shaped rosette of leaves of A. nidus catches and
firmly retains dead leaves; this dead material
starts rotting and forms a most effective sponge
together with the roots, capable of holding much
water after rains. The spange thus provides water
and food for the development of the fern.

Other botanical information Although sever-
al subclassifications of Asplenium exist, they are
all highly artificial and often hased on superficial
resemblances. Asplenium is still extremely poorly
known and thus recognition of natural infragener-
ic groups such as subgenera, sections or groups is
not easily possible. Asplenium is thought to be
clogely related to Athyriaceae, Blechnaceae or The-
lypterideceae, but the similarities are few and
may be due to convergence. Confusion of Aspleni-
um with Diplazium and Athyrium is common but
these genera are not thought to be closely related.
Holttum classified Asplenium in the family Denn-
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staedtiaceae, subfamily Asplenioidece, and he be-
lieved that the original Asplenium has tripinnate
leaves from which species with simple leaves
evolved. Although A. nidus is a common species, it
has often been neglected by collectors and its vari-
ability is little known. A. nidus plants with very
wide leaf blades, up to 30 cm, have sometimes
been considered a separate species (A. musifolium
J. Smith ex Mett.) or a variety (var. musifolia (J.
Smith ex Mett.) Bedd.}, but are considered here as
falling within the species variability. On the other
hand evidence exists that A. nidus consists of a
number of morphologically indistinguishable cryp-
tospecies which do not intercross and have differ-
ent allozyme patterns and habitat preferences. In
addition to A. acrobryum Christ, also Leptochilus
macrophyllus (Blume) Noot. (synonym: Colysis
macrophylle (Blume) C. Presl, Polypodiaceae,
widely distributed in South-East Asia) is used as a
source of salt in New Guinea.

Ecology Asplenium has adapted to a wide
range of habitats. In the tropics it is often epiphyt-
ic or epipetric and particularly abundant in cloud
forest of medium elevation. In temperate zones
Asplenium ferns often grow epipetrically on acid
or alkaline soils, but for example A. scolopendri-
um favours terrestrial sites in woodlands. In Ma-
lesia A. nidus is by far the commonest and the on-
ly epiphytic Aspleniem growing in open locations
in the lowlands. A tenerum Forst., also with a nest
habit but with pinnate leaves, is the commonest
lowland forest species, growing as an epiphyte
near the ground and on rocks; on the mountains
A, robustum Blume is the commonest epiphytic
species. The epiphyte A. nidus with its enormous
spongy mass of roots, affords shelter for many oth-
er ferns and epiphytes. Fallen leaves are caught in
its capacious nest and each successive crop of
leaves hold the accumulating mass securely be-
tween their bases, which the roots of the fern also
penetrate. In this way gigantic masses of roots
and humus are developed over a long period of
years, continuing until their weight breaks the
branch or the tree itself. These ‘hanging soils’ pro-
vide a habitat for a rich meiofauna and a specific
mycoflora. Also harems of the larger dog-faced
fruit bat (Cynopterus horsfieldi} seek shelter to
roost between the marcescent leaves. The aptness
of the name of A. nidus (bird's nest fern) appears
on Madagascar, where the critically endangered,
endemic Madagascar serpent-eagles (Euiriochis
astur) build their nests in the fern. Only few
species of Asplenium are frost resistant, e.g. culti-
vars of A. scolopendrium and A. trichomanes toler-

ate temperatures as low as -30°C.

Propagation and planting Asplenizm nor-
mally propagates by spores. Many species, howev-
er, produce side crowns which can be separated.
Separation of new plants is easiest in species with
a creeping rhizome. Although A. nidus grows nat-
urally as an epiphyte, it can thrive terrestrially.
In addition to spore prepagation, A. nidus can also
be propagated through in-vitro culture of rhizome
segments and through planting out dissected leaf-
bases (up to 13 per leaf) in vermiculite, each with
a small portion of the rhizome attached. Micro-
propagation through tissue culture of both the ga-
metophyte and the sporophyte has heen successful
as well. A good potting material for Asplenium
consists of equal parts of rich soil and leaf mould
or peat.

Husbandry A. nidus grown in pots does not
positively react to N and P applications, but K
doses of up to 160 mg/pot increased plant growth
and reduced the number of necrotic leaves. Plants
should be kept in a very lightly shaded position.

Diseases and pests In potted A. nidus for orna-
mental use, a leaf spot and blight caused by
Fseudomonas gladioli and P. asplenii are serious
diseases . The impatiens necrotic spot virus caus-
es ring spots and necrotic lesions, Because of its
rather fleshy foliage, damage caused by slugs can
also be serious. In the rainy season A. scolopern-
drium suffers from a troublesome rust disease
caused by Melesina scolopendrii.

Genetic resources and breeding Germplasm
collections of Asplenium species occurring in
Peninsular Malaysia are available at the Fernari-
um of the Universiti Kebangsaan Malaysia in
Bangi. Breeding in Asplenium is directed towards
new ornamental cultivars.

Prospects The ornamental value of most Asple-
nium gpecies warrants more research on propaga-
tion, cultivation requirements and marketing pos-
sibilities. Cultivation of these ferns may reduce
the collection of plants from the wild. It is recom-
mended that germplasm be collected from all As-
plenium species. The traditional medicinal value
of several Asplenium ferns seems interesting and
deserves more pharmacological research.

Literature |1/ Bourdy, G., Frangais, C., Andary,
C. & Boucard, M., 1996. Maternity and medieinal
plants in Vanuatu 2. Pharmacological screening of
five selected species. Journal of Ethnopharmacolo-
gy 52: 139-143, 12| Croft, J.R. & Leach, D.N., 1985,
New Guinea salt fern (Asplenium acrobryum com-
plex): identity, distribution, and chemical compo-
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Azolla pinnata R. Br.

Prodr. fl. Nov. Holl.: 167 (1810).

AZOLLACEAE

2n = 44 (diploid), 66 (triploid), 88 (tetraploid)

Synonyms Salvinia imbricatea Roxb. ex Gniff.
(1844), Azolla decomposita Zoll. (1854), A. imbri-
cata (Roxb. ex Griff.) Nakai (1925),

Vernacular names Azolla, ferny azolla, mos-
quito fern (En). Indonesia: mata lele (Javanese)},
kayu apu dadak, kakarewoan (Sundanese). Ma-
laysia: méan chiang hiing (Chinese). Thailand: nae
daeng (central). Vietnam: beo dau.

Origin and geographic distribution The ex-
act origin of A. pinnata is unknown. [t is found
throughout tropical Asia (including South-East
Asgia), in southern and eastern China, in southern
Japan, northern Australia and in tropical and
gsouthern Africa (Madagascar included). In mar-
itime locations in China (Wenzhou distriet} and

Vietnam (La Van village) A. pinnafa is known to
have been cultivated since the 7th Century.

Uses A. pinnate has become important as an or-
ganic fertilizer in tropical lowland rice production
in South-East Asia. It can be grown in dual cul-
ture with wet rice, or as a cover crop grown during
the fallow season of rice and incorporated into the
soil as a green manure. [t maintains a symbiotic
association with the blue-green alga Arabaena
azollae Strash. ex Wittr., Nordst. & Lagerh. which
is able to fix atmospheric nitrogen. Other crops
where A. pinnata is applied as mulch or as green
manure include taro (Colocasia esculenta (L.)
Schott), Manchurian wild rice (Zizania latifolia
{Griseb.) Turcz. ex Stapf) and arrowhead (Sagit-
taria trifolia L.). Commercial production of azolla
compost has been realized; the quality is good and
the decomposition time may be reduced by 50%. A.
pinnata is also used as fodder crop for pigs, rab-
bits, chicken, ducks and fish, mainly in China. An-
other use in rice cultivation is to control weeds
and good results have been obtained in controlling
e.g. Cyperus difformis L., Echinochloa glabrescens
Munro ex Hook.T., Monochoria vaginalis (Burm.f.)
Presl and Paspalum sp. A dense cover of A. pinna-
te on water is also quite effective as a means of
mosquito control. Waste material of A. pinnata is
used as a substrate for cultivating edible mush-
rooms, e.g. Pleurotus sp. In China small-scale bio-
gas production units are exploited using azolla as
biomass. Philippine farmers have used azolla for
human consumption in various dishes such as sal-
ads, pinangat, mungo and omelette. The meal can
be added to flour to increase the fibre content.

Production and international trade A. pin-
nate is only produced and traded locally. In the
first half of the 20th Century in North Vietnam,
where this fern was widely used as green manure
for spring rice, villages specialized in propagating
and selling it with good profit as a source of inocu-
lum for rice paddy. In the United States A. pinna-
te cultivation is prohibited by federal law because
of the risk of inadvertent break outs. In South
Africa A, pinnata is not considered harmful.

Properties Per 100 g (dry weight basis) A. pin-
nate contains approximately: protein 13-30 g, fat
4-6 g, carbohydrates 41-45 g, fibre 39 g, cellulose
5-15 g, hemicellulose 9-18 g, lignin 9-35 g, ash
10-24 g (ranges of the elements N 2-5%, P
0.1-1.6%, K 0.3-6%, Ca 0.4-1.7%, Mg 0.2-0.6%, S
0.2-0.7%, Si 0.1-3.5%, Na 0.1-1.3%, Cl 0.6-0.9%,
Al 0.04-0.6%, Fe 0.04—-0.6%, Mn 0.06-0.3%, Cu
0-0.03% and Zn 0.002-0.1%). The N, K and Si con-
tents are reasonably high. Deficiencies in methio-
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nine, histidine and fibre make A. pinnaiéa unfit to
be the sole feed source for animals, but the amino
acid compogition compares well with reference
protein sources and although the methionine con-
tent is low, the lysine content is more than twice
that of maize. In the tropics 60-75% of the N will
be released as ammonia within 6 weeks after the
onset of mineralization in the soil in a flooded field
without rice.

Description A small, free-floating, aquatic
fern, triangular to trapezoidal in outline, about
2-4 em x 1 em, with branched, floating stem (rhi-
zome) bearing roots and leaves. Roots solitary,
growing from stem branching points, hanging
down in the water, plumose, 1-5 em long, with
obliquely arranged groups of 3-6 root hairs.
Leaves small, alternately in two rows, variably
imbricate, sessile, bilobed with a dorsal lobe held
above the water surface and a floating (resting on
water surface) ventral lobe; dorsal lobe subellipti-
cal, up to 1.5 mm x 1 mm, fleshy, chlorophyllous
and photosynthetic, margin hyaline and (2-)3(-4)
cells wide, apex obtuse, with 1-2-celled trichomes
and papillae, inside on lower surface with a cavity

Azolla pinnata R. Br, — 1, habit; 2, branch with
basal sporocarp; 3, megasporocarp (female); 4, mi-
crosporocarp (male).

containing mucilage and filaments of the blue-
green alga Anabaena azollae, green but turning
red under adverse environmental conditions; ven-
tral lobe thin (one cell thick), flat, translucent,
without chlorophyll, glabrous. Sporgcarps borne
in pairs or fours at base of branches (reduced ven-
tral leaf lobe), initially covered by involuere aof dor-
sal leaf lobe, each containing one megasporan-
gium (containing a single megaspore) or many mi-
crosporangia (each containing 64 microspores).
Spores trilete, of two kinds; megaspore bearing on
the proximal side a columella, hair-like filaments
and 9 apical massulae (called floats); microspores
of one sporangium released as one mass (called a
massula) which floats, its inner surface bearing
2-4 small, simple, spiniferm trichomes without
hooked apices; microspores germinate within the
massula,

Growth and development The sporophyte of
A. pinnata reproduces vegetatively through frag-
mentation, made easy by an abscission layer pre-
sent at the base of each branch. Secondary
branches extending from older lateral branches
bend the lateral branch and put pressure on its
abscission layer, contributing to its separation.
Lateral branches then drift away independently
from their parent. Exponential growth may con-
tinue under optimum conditions for fragmenta-
tion and dispersal and consequently A. pinnata
can become a troublesome weed. Initiation of the
gametophytic cycle in most Azolla species seems
te be stimulated by environmental stress, which
also affects the ratio of micro- to macro-sporo-
carps. When a plant becomes fertile, sporocarps
are formed in pairs after a few divisions by a fer-
tile ventral lobe initial of the first leaf of a branch.
The dorsal lobe of the fertile leaf retains its nor-
mal shape and function. Leptosporangiate devel-
opment of the sporangial initials eventually gives
rise to two megasporangia, each containing 32
megaspore initials produced by meiotic division. If
a megaspore is to develop within the megaspo-
rangium, all but one of the 32 megaspore initials
abort. If all of the megaspore initials abort, mi-
crosporangia initials arise from basal outgrowths
on the stalk of the megasporangium. The result-
ing pair of sporocarps may be all of one sex or any
mix. Sporocarps mature on the plant in a week or
more. Microsporocarps contain up to 130 stalked
microsperangia with 64 microspores. The mi-
crospores are not released directly into the water,
but as cluster held together by hardened mucilage
(massula). The massulae bear trichomes that fa-
cilitate coupling to the hairs of the megasporan-
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gia. The microspores germinate and release an-
therozoids to fertilize an archegonium produced
by the megaspore gametophyte. When after suc-
cessful fertilization the new sporophyte ruptures
the megasporangium wall, Anebaena strands lo-
cated there become entrapped in the shoot apex.
Ag the funnel-shaped first leaf emerges, it dis-
lodges the Anabeena and establishes a colony
around an apical trichome that is incorporated in-
to the dorsal leaf cavity.

Other botanical information Within A. pin-
nata three subspecies are distinguished of which
only one is found in Secuth-East Asia, subsp. asia-
tica R.M K. Saunders & K. Fowler, This has lax to
slightly imbricate dorsal leaf lobes with narrow
(width about 1/10 of leaf width) hyaline margins,
ventral leaf lobes shorter and wider than dorsal
ones, surface of megaspore with prostrate or erect
clongate outgrowths. The other 2 subspecies are
found in Australia and New Caledonia (subsp.
pinnate) and in Africa (subsp. africana (Desv.)
R.M.K. Saunders & K. Fowler). Although many
species have heen described in the genus Azolla
Lamk, only 6 or 7 are currently recognized. A, pin-
nata, together with A. nilotica Decne. ex Mett.
(leaves up to 40 cm long, never red, restricted to
tropical Africa) are classified in section Rhizosper-
ma of the genus Azolla. Several other Azolla
species, e.g. A. filiculoides Lamk, A. mexicana
Presl and A. microphylla Kaulfuss (all in section
Azolla), have been introduced into South-East
Asia and are used experimentally and in breeding.

Ecology The geographical distribution of Azolla
indicates that it is adapted to a wide range of cli-
matic conditions. The primary requirement of
Azolla is an aquatic habitat, since it is very sensi-
tive to dryness. It dies within a few hours under
dry conditions. Most of the Azolla species are
widely distributed in temperate regions as they
are generally sensitive to the higher temperature
of the tropics. The optinum temperature range in
which most of them grow well is 20-25°C. The
most favourable temperature for growth and ni-
trogen fixation of A. pinnata is 20-30°C, it perish-
es below 5°C and above 45°C. Light intensity in-
teracts with the effect of temperature. The opti-
mum temperature for A, pinnata grown under 15
klux artificial light is 30°C. The growth rate is re-
duced under light intensities that fall outside the
range of 15-60 klux. The optimum relative humid-
ity needed for normal growth of azolla is 85-90%;
values below 60% cause the leaves to dry up. High
relative humidity causes a longer dew period, re-
sulting in susceptibility of the plant to disease and

pest infestation. In the tropics direct sunlight at
midday suppresses the growth of the fern, while
light exposure on cloudy days is more favourable.
Wind tends to push all the leaves together so they
collect on the same part of the water surface. A
slightly acidic to neutral pH (4.5-7) has been
found to be suitable, the optimum being pH
5.5-6.0. Wilting occurs where salt concentrations
surpassg 1.5 g/l during the summer. Azolla may
suffer from competition from other floating water
plants such as algae, Pistia L., Lemna L., and Sal-
vinia molesta D.S. Mitchell. Because of its rapid
vegetative reproduction, however, azolla often al-
80 becomes a troublesome water weed, clogging
waterways and drainage systems, forming dense
surface mats which interfere with boating, fishing
and recreational activities and degrade water
quality by reducing oxygen levels.
Ferns of the genus Azolla share a mutually benefi-
cial symbiotic relationship with the nitrogen-fix-
ing blue-green alga Anabaena azollae. The fern
provides nutrients and a protective leaf cavity for
Anabaena, which in turn provides ammonia to the
fern. The Anabaena symbiont occupies a special-
ized cavity in aerial dorsal leaf lobes. Specialized
trichomes are involved in the metabolite ex-
change. More of the alga is found in the apical
meristem and some filaments penetrate beneath
the megasporangial indusium where they inocu-
late new leaves and young sporophytes, respec-
tively. Natural Azolla populations are rarely free
of Anabaena. Arthrobacter bacteria also constitute
a third partner in the Azollu-Anaboena symbiosis,
but their role is not yet understood. Nitrogen fixa-
tion occurs only in specialized Anabaena cells
called heterocysts. Most of the energy is supplied
by metabolites produced by the photosynthesis of
Azolia. Characteristically low levels of ammoni-
um-assimilating enzymes in Anrabaena azolloe
make the nitrogen fixation process very efficient.
The fixed nitrogen is transported to the host,
which incorporates it into amino acids. Part of the
amino acids probably then go back to Anabaena.
Because Anabaena azollee is associated with Azol-
la throughout its life cycle, a free-living stage of
the symbiont is not needed. The frequency of hete-
rocysts inside the leaf cavity is 3-10 times that
found on free-living blue-green algae. The taxono-
my of Anabeena azollee and its relation to free-liv-
ing Anabaena species is still subject to discussion.
Also it has been questioned whether the laborato-
ry grown isolates match the genuine endosym-
biont.

Propagation and planting At present vegeta-
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tive material of A. pinnata is generally used as
planting material. In order to maintain the fern
throughout the year, special multiplication nurs-
eries are prepared to produce sufficient quantities
of planting material as inoculant for further prop-
agation. These nurseries require shade, an ample
supply of water, plant nutrients, disease and pest
control and some measures to protect the fern
from extreme weather conditions. The field for the
fern nursery should be thoroughly prepared. Su-
per phosphate is applied, usually in three gifts at
4 day intervals. About 7 days after inoculation a
systemic insecticide is applied to provide protec-
tion against insect pests {e.g. carbofuran gran-
ules). By repeated inoculation and harvesting in
the nursery a sufficient amount of azolla inocu-
lants can be obtained for the main rice field. Vege-
tative reproduction can he promoted by fragment-
ing the plants, e.g. by tapping them with a broom-
stick. Storage of harvested azolla is difficult and
hence special care is necessary for long distance
transport. Desiccation should be prevented and
fresh azolla can be shipped packed in sealed poly-
thene bags or petri dishes, surviving at least 2-3
weeks when kept at 5-10°C.

Propagation can also be dene by spores, which al-
lows large quantities of inoculum to be produced
and transported. To encourage the azolla to pro-
duce spores, the plants have to occupy the avail-
able space completely, making vegetative repro-
duction no longer possible. After about a week
some 70% of the plants will have produced spores.
Then, about two thirds of the azolla mat is har-
vested. Under favourable conditions the remain-
ing plants will produce spores again in about
three weeks. A production field of 10 m x 25 m can
be inoculated with 100 g dry spores. Spores start
germinating after 7 days. After two weeks the
young plants can be transplanted,

Husbandry Under favourable conditions, a lay-
et of A. pinnata covering a rice field of one ha re-
leases 20-30 kg organic N. The economic return
from azolla adoption is more than 10% of the total
non-land cost for rice production in areas where
conditions favour azolla growth. Constraints for
its use include the phosphorus content of the soil,
insect and pest control and labour requirements.
The need for additional phosphorus fertilizer may
not be a problem in its adoption because azolla
normally grows when only 0.06 ppm P is avail-
able, though 30 ppm or more is advised. However,
if more than 200 g/ha of a systemic insecticide
such as carbofuran is necessary the economic ben-
efits are eliminated. Labour costs of azolla appli-

cation can become critical where wages are high.
In some areas Azolla species that lack heat toler-
ance are taken advantage of by letting the ferns
die in summer, thus freeing the nutrients and al-
lowing the light te penetrate through the water to
the submerged rice plants. Sometimes azolla fer-
tilization is used in addition to inorganic N-fertil-
izer. In general, however, the average nitrogen
{ixation rate of azolla amounts to 1-2 kg N per ha
per day which is sufficient to meet the nitrogen
demand of the rice crop. The azolla-rice culture
can be augmented with fish production (e.g.
Tilapia nilotica) and with ducks.

Diseases and pests A serious disease of A.
pinnata in rice fields is caused by the fungus
Myrothecium verrucaria, characterized by white
spots of mycelium and a rapid rot and death of
azolla. A. pinnata is also highly susceptible to rice
sheath blight, caused by Sclerotinia sclerotiorum
and to black rot disease caused by Rhizoctonia
solani. Disease severity is higher when the leaves
are also attacked by snails. Numerous other fun-
gal genera have been isolated from diseased azol-
la. Crude garlic extract was found to be very effec-
tive against fungal pathogens.

In South-East Asia pests are considered the major
limiting factor in azolla cultivation. In the Philip-
pines, the most important pests are the webworm
(causing vield losses of 6-74%), the lepidopteran
spinningworm (Ephestiopsts vishnu} and the case-
worm complex {(Elophila (Nymphula) enixalis, E.
nigralbalis, E. responsalis). In Thailand, Chirono-
mus glauciventris, Cryptoblabes sp., Polypedilum
Jjohannseni and Elophila enixelis are the main
pests. In Thailand, azolla is also damaged by high
temperatures in April and by competition from
blue-green algae. The best insect control and the
highest vield was obtained by spraying 0.5 kg’ha
monocrotophos, applied 1 and 10 days after inocu-
lation. Foliar sprays of earbosulfan or chlorpyrifos
applied after field inoculation also gave good
results. Treatment with these or with monocro-
tophos resulted in 3-fold increases in yield. A
preparation (Bactospeine) containing Bacillus
thuringiensts, applied after inoculation, provided
some insect control and significantly increased the
yield. To reduce application costs, it is recom-
mended that the azolla stock culture be sprayed
2-3 days before it is transferred to the propaga-
tion field. Another application is necessary 7 days
later. Because azolla cultivation should begin af-
ter transplanting rice, insecticide applications al-
s0 have some effect on rice pests. Destruction by
snails is an obstacle to azolla-breeding in India.
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Snails primarily responsible are Lymnaea luteola,
Bellomya bengalensis, and Pila globosa. The gold-
en apple snail, Pomacea canaliculata, originating
from South America, was introduced as a promis-
ing export industry in South-East Asia but it has
also escaped to rice fields in Taiwan, Japan and
the Philippines (here Pomacea cuprina and Po-
macea gigas have also been introduced) and azolla
and young rice seedlings are preferred hosts. Con-
trol is possible by manual removal, draining of
rice fields, releasing carp (prey on young snails),
application of pesticides such as triphenyltin-ac-
etate (‘brestan’, effective but highly toxic to Nile
tilapia), clonitralid (‘bayluscid’, effective but toxic
to fish), metaldehyde (‘namekil’, effective with low
fish toxicity).

In southern China, the azolla midge (Polypedilum
ivinoense), which is aquatic at larval instar stage,
can devastate an azolla stand in 3-6 days. It is
light red, 2-3 mm long, and makes its nest on the
underside of azolla, eating roots and young leaves.
In summer it is able to complete its life cycle in
12 days, building in a short time populations of
90000 per m?® Methods to prevent damage by
azolla midge include protecting the Dytiscidae
which are natural enemies, applying maceration
extract of cake of tea oil and insecticides such as
deltamethrin, carbofuran, carbaryl, and teme-
phos. Pesticides and herbicides can have effects on
the growth and nitrogen assimilation of the Azol-
la-Anabaena symbiosis. Most rice herbicides (e.g.
bipyridylium and phenolic herbicides, chloram-
ben, dicamba, simazine, benzoic, triazine, dini-
troaniline and urea herbicides) are deleterious to
azolla but delaying inoeculation with azolla until
after herbicide application reduces or eliminates
the problem. The symbiosis is also severely dam-
aged by atmospheric SO, even at low concentra-
tions, with significant reductions in growth, as-
similation, protein synthesis and heterocyst devel-
opment. Propanil is highly toxic, sinking the float-
ing fern in about five days after inoculation.

Harvesting Since A. pinnata floats on the sur-
face of the water, the easiest way of collection is
by using nets and transport in big baskets. For
green manuring of rice a full cover of azolla mat
can be directly incorporated into the soil using
simple tools or rotary tillers.

Yield Under optimum conditions A. pinnata can
double in weight every 3-5 days. In an open field
under tropical conditions, a full cover of azolla can
vield about 20 t/ha fresh weight. When inter-
cropped with rice the growth rate decreases with
the development of the rice canopy, but repeated

inoculation and harvest of the fern can give an an-
nual yield of up to 40-50 t/ha fresh weight. Rice
yields may increase by 0.4-1.5 t/ ha when thus fer-
tilized.

Handling after harvest To mix dried azolla as
supplement to commercial layer or broiler rations,
the freshly harvested azolla should be washed
thoroughly to remove soil and pesticide residues.
Then it is dried in the sun for 3-7 days, until it
crumbles when squeezed. Subsequently, it is
ground, either using a commercial grinder, or by
crushing the dried plants in bags with the feet.
The azolla meal is mixed with the layer/broiler ra-
tions 1:10 by weight or 1:5 by volume. To harvest
the spores, the harvested plants are placed in a 50
cm deep, well-drained pit. The plants are left to
decay for two weeks during summer or up to one
month in the rainy season. The decayed plants are
collected and dried in the sun and open air for 24
hours. The dried mass is sieved through a coarse
screen {1 mm mesh). The particles that pass
through are immersed in water and left to soak
overnight. The floating spores are finally scooped
from the water.

Genetic resources Living A. pinnata germ-
plasm collections are maintained at the Interna-
tional Rice Research Institute (IRRD) in the
Philippines, the Azolla Research Centre, Hanoi,
Vietnam, the Azolla Research Center, Fujian
Academy of Agricultural Science, Fuzhou, Fujian,
China, in the United States at the Washington
State University and the University of California,
Davis, in Africa at research stations of the Office
de la Recherche Scientifique et Technique Outre-
Mer (ORSTOM) and the West Africa Rice Devel-
opment Association {WARDA) in Ivory Coast, and
at the Université Catholigue de Louvain, Belgium
(UCL). In 1997 about 550 accessions were main-
tained at IRRI, covering all extant species (about
150 accessions of A. pinnata) collected worldwide
in cooperation with many researchers, including
also unique material which cannot be obtained
from natural habitats, such as sexual hybrids (79
accessions), Anabaena-free azolla (20), azolla with
heterologous symbiotic cyancbacteria (6) and pu-
tative mutants (16}, The TRRI collection is now
maintained as shoot-tip agar cultures, which are
renewed every 3-6 months. Most cultures of the
section Azolla are duplicated at the Azolla Re-
search Center of the Fujian Academy of Agricul-
tural Science (Fuzhou, Fujian, China).

Breeding At several azolla research stations,
selection and breeding programmes are in pro-
gress to obtain more efficient, more pest resistant
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and more shade- and salt-tolerant genotypes. In-
terspecific hybrids have been tried but so far they
have all proved sterile. Given the isclated position
of A. pinnota in Azolle, fertile interspecific hy-
brids are not to be expected. Other Azolla species
hybridize more easily and several promising hy-
brids have been bred in the Philippines, Thailand
and China.

Prospects The great expectations of A. pinnate
ag a natural source of nitrogen and weed control
peaked around 1980-1990, but have declined
since. Nevertheless, many promising initiatives
aimed at the utilization of azolla are being devel-
oped especially in China and Scuth-East Asia, and
also in other parts of the world. Unfortunately, in
most environments azolla is not a cost-effective
substitute for inorganic nitrogen. Limiting factors
to the use of azolla include the need for water,
high phosphorus requirements, susceptibility to
pests and limited temperature tolerance. High
labour costs (for maintenance, transport, inocula-
tion and burying), high opportunity costs of land
and poor water control are major constraints to
the economic feasibility of green manure. Im-
provements in azolla technology that increase ni-
trogen yield and pest resistance or reduce the op-
portunity costs of labour and land could make
azolla economically feasible in a wider range of
environments. Integrated production systems
with azolla are promising. In the laboratory the
symbiotic Anabaena cyanobacterium can be in-
duced to produce free hydrogen. So far this has
not led to commercial-scale hydrogen production
of plants. Azolla is capable of extracting phos-
phates from eutrophicated water, acting as a de-
contaminant in sewage treatment. In Israel, bio-
logical processes for the removal of heavy metals
from effluents by means of azolla have been devel-
oped. The process is suitable for uranium, cadmi-
um, nickel, copper and chromium and the recov-
ery of silver. These processes are superior to tradi-
tional methods of metal removal from effluents
when environmental and ecological constraints
exist and the concentrations of metals are low
{1-20 ppm). At such low concentrations, no effec-
tive chemical means of metal removal are present-
ly available. In tests the heavy metals were con-
centrated 500-1000 fold in the azolla biomass
within 2-7 days of growth, and the content of met-
al in azolla was about 1% Cu, Cd, Zn, U and Ag,
and 0.3% hexavalent Cr and Ti. Some 40-60% of
the heavy metal was removed from the water
body. The total content of metal in the azolla ash
was 5%. Filters made of dried azolla were found to

bind a high percentage of the metal in solution.
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Blechnum L.

Sp. pl.: 1077 (1753), Gen. pl.: 560 (1754).
BLECHNACEAE
x = 28-40 (diploids, triploids and tetraploids oc-
cur); B. indicum: 2n = ca. 74; B. orientale: 2n = ca.
64-66
Major species and synonyms
- Blechnum egregium Copel., Perkins, Fragm, fl.
Philipp. 3: 187 (1905), synonym: B. nitidum C.
Presl var. contracta Hook. (1860). Note: The
name B. insigne Copel. has heen used formerly,
but it is a nomen nudum.
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— Blechnum indicum Burm.f., Fl. Indica: 231
{1768), synonyms: B. striatum R. Br. (1810}, B.
moluccanum Desv. (1811), B. malaccense {(C.
Presl) F'ée (1852),

— Blechnum orientale L., Sp. pl.: 1077 (1733) (erro-
neously as B. occidentale L., corrected in 2nd
ed.: 1535 (1763), synonyms: B. jevanicum Blume
(1828), B. adnatum Reinw. ex De Vriese (1846),
Blechnopsis orientalis (1) C. Presl {1849).

— Blechnum vittatum Brack., U.S. expl. exped. 16:
131 (1854), synonyms: B. dentatum (Kuhn) Diels
{1901), B. bamlerianum Rosenst. (1812), Lo-
maria bamleriana (Rosenst.) Alderw. (1917).

— Blechnum vulcanicum (Blume) Kuhn, Ann,
Mus. Bot. Lugd.-Bat. 4: 284 (1869), synonyms:
Lomaria vulcanica Blume (1828), L. villosa Fée
(1852), Spicanta vulecanica (Blume) Kuntze
(1891).

Vernacular names
- B. egregium. Papua New Guinea: hariga {Oro-

kaiva). Philippines: patugo (Manobo).

- B. indicum. Indonesia: bacai, paku paci besar
{Kalimantan), kadu (Irian Jaya).

- B. orientale. Indonesia: paku leucir, paku lipan,
paku lubang. Malaysia: paku lipan, paku ikan
(Malay), kelindang (Sarawak). Papua New
Guinea: aduba, zani {Orokaiva). Philippines:
pakong alagdan (Tagalog). Thailand: kut khang
fan (northern), kut doi (central), mahasadam
(south-eastern). Vietnam: rl[aslng dluwfla
dloolng, elaaly rlawng dlee] l[as] d[uwf]a.

— B. vulcanicum. Indonesia: paku gunung.

Origin and geographic distribution Blech-
num is an early group of ferns, probably originat-
ing from late Cretaceous, with a radiate distribu-
tion pattern centred on Gondwanaland with dis-
tinctive but overlapping lines of speciation extend-
ing northwards from Antarctica. At present itis a
widespread genus comprising about 180 species,
most of which oceur in the southern hemisphere;
in South-East Asia about 20 species are present.
B. egregium is widespread throughout the Philip-
pines and it occurs also in some isolated localities
in Sabah (Malaysia} and Papua New Guinea. B.
indicum is distributed from continental South-
East Asia through Sumatra, (not found in Java),
Borneo and New Guinea to New Caledonia and
northern and eastern Australia. B. orientale is the
most abundant and most widespread species and
is found from India, Nepal and southern China
throughout South-East Asia to southern Japan,
Australia and Polynesia. B. vittatum occurs from
eastern Papua New Guinea and the Solomon Is-
lands to the Santa Cruz Islands. B. vulcanicum is

rarely common and occurs from non-continental
South-East Asia and Australia to New Zealand,
through the Pacific as far east as the Cook Islands
and north to the Marquesas.

Uses Tender portions of young leaves of all
Blechnum species are eaten as a vegetable in the
Philippines and Papua New Guinea. They are also
cultivated as an ornamental because they are ele-
gant and beautiful with brilliant scarlet voung
leaves and dark green upper and paler lower sur-
faces in mature leaves. In some places the croziers
are considered a delicacy, somewhat resembling
asparagus in flavour and texture. On Frederik
Hendrik Island off the coast of Irian Jaya (Indone-
sia), a coarse edible flour is prepared from the rhi-
zome. In Australia the rhizome is washed, roast-
ed, ground or pounded, sclerotic leaf and root
traces removed and the resultant flour made into
a kind of unleavened bread. In the Philippines, B.
orientale is used as an ingredient in stews. In
Papua New Guinea young leaves are eaten as a
wild food supplement, but they are also used to in-
duce sterility in women. Total sterility can be
achieved by eating new leaves for three successive
days, waiting a fortnight and repeating the treat-
ment. In Malaysia and the Philippines the rhi-
zome is also consumed for food whereas in the
Philippines it is used as a diaphoretic, aromatic,
aperative, and a poultice made from the leaves is
a recornmended treatment for boils {also in Penin-
sular Malaysia). In India and Polynesia the rhi-
zome is used against intestinal worms and blad-
der complaints. In Chinese pharmacies the rhi-
zome is prescribed in relation to urinary com-
plaints. In Malaysia B. orientale is a magical ap-
plication for dropsy, along with the leaves of Ele-
phantopus scaber L. (prickly-leaved elephant’s
foot, a tropical weed of Compositae (see Prosea
12(1}, which possesses numerous interesting med-
icinal properties, including being useful against
dropsy). On Waya [sland (Fiji) new brightly col-
oured leaves are used as necklaces.

Production and international trade Blech-
num plants are not cultivated commercially but
they are locally important. Fresh croziers and
voung leaves of B. indicum are sold in bunches on
many local South-East Asian markets and in
some countries the croziers are canned and sold as
a delicacy.

Properties In the Philippines, per 100 g edible
portion, the young, unexpanded leaves of B. orien-
tale and B. vulcanicum contained respectively: to-
tal N 1.36 g and 1.33 g, P 156 mg and 181mg, K
625 mg and 475 mg, Ca 206 mg and 343 mg, Fe 16
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mg and 45 mg, Mg 290 mg and 842 myg. Flavonaid
glycosides and the four lignans blechnic acid, 7-
epiblechnic acid, 8-epiblechnic acid and brainic
acid were isolated from a number of fern species
including B. orientale. Tests in the Philippines
showed that water extracts of B. orientale pos-
sessed antifungal properties against Bacillus sub-
tilis, Candida utilis, Escherichia coli, Micrococeus
lutens, Pseudomonas aeruginosa and Staphylococ-
CLS aureus.

Description Rhizome or caudex ascending to
erect, thick, densely covered with narrow, dark
brown, lustrous scales; some species eventually
forming a short trunk up to 2 m tall, usually form-
ing extensive colonies interconnected in the early
stages of development by rhizomes or stolons.
Leaves all similar or fertile leaves different, pin-
nate, pinnatifid or pinnatisect, rarely simple, bip-
innate or multipinnate; sterile leaf subcoriaceous,
glabrous, pinnae linear, entire to dentate, veins
free; fertile leaf similar to the sterile leaf or with
much narrower pinnae. Sori at the underside of
the pinnae, linear, closely aligned to the midrib, in
reduced pinnae covering the entire surface; indu-
sium narrow, opening towards the midrib. Spores
monolete, bilateral, reniform to subglobulose, with
various decoration patterns.
~ B. egregium. Caudex up to 100 cm long, 5-10 cm

or more in diameter; scales linear triangular

with a finely acuminate apex, up to 3 cm x 2

mm, entire, shiny dark brown to black. Leaves

dimorphous, pinnate; petiole 3.5-31 cm lang,

brown, darker at the base, densely and persis-
tently scaly; sterile lamina narrowly elliptical or

ovate to narrowly elliptical in outline, 20-120

cm X 9-30 cm, gradually narrowed towards the

base, apex acute, rachis and veins dark to red-
dish-brown, or paler, at underside with two lat-
eral grooves, sometimes at upperside persistent-
ly scaly; pinnae narrowly triangular, middle
ones 2.5-15 cm x 0.8-2 cm, base adnate to the
rachis, margins crenate to serrulate, dentate
near the apex, apex acuminate to attenuate; fer-
tile lamina of the same size as the sterile ones or
somewhat larger; fertile pinnae restricted in
width or not, widening a little towards the
rachis becoming broadly adnate and decurrent.

Sori in narrow pinnae occupying the whole un-

dersurface, in normal pinnae restricted to either

side of the midrib. Spores 48 pm x 36 pm,
smooth to granulose.

- B. indicum. Rhizome very variable, from slender
and creeping to an erect caudex, covered with
old leaf bases and adventitious roots or with

Blechnum vulcanicum (Blume) Kuhn — 1, habit ju-
venile plant; 2, habit typical fertile small plant; 3,
large mature sterile leaf.

small scales; scales 3-4 mm x 1 mm. Leaves all
similar, pinnate; petiole 6-50(-83) cm long, very
dark at the base to brown or stramineous to-
wards the top, scales persistent only at the very
base; lamina ovate to narrowly elliptical in out-
line, up to 50(-100) cm x 6-15(-28) cm, base
acute, apex acuminate, rachis stramineous, usu-
ally glabrous and lustrous; pinnae in 16-52
pairs, oblong to narrowly elliptical, 4-16.6 cm x
0.5-1.8 cm, base cordate, sessile or shortly petio-
late, articulate to the rachis with a characteris-
tic socket joint, margins serrate, gradually nar-
rowing into the acuminate apex, veins up to
twice forked, very fine and close, 3-4 per mm.
Sori close to and often covering the midrib, usu-
ally extending to the pinna base but not to the
apex, indusium nearly 1 mm wide. Spores 36 pum
x 28 um, light brown, minutely papillate.

B. orientale. Rhizome forming a stout suberect
caudex, 6-20(-300) cm long and 4-5 em in diam-
eter, densely covered with scales; scales linear-
elliptical, up to 2 ecm x 2 mm, dark brown with
pale margins. Leaves all similar, pinnately di-
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vided (in juvenile plants pinnatifid), rarely bip-
innate or multipinnate; petiole up to 70 em long,
straminecus or purplish when young, densely
scaly at the base, bearing small auricles {also
considered as reduced pinnae and then petiole
only 5 ¢m long) throughout about 3 ¢ apart;
lamina lanceolate to ovate in outline, up to 200
em x 54 em, rachis pale pinkish-brown, glabrous
or with a few hairs and slender, brown scales;
pinnae 6-70 or more pairs, 2-5 cm apart, sessile,
linear, 30 cm x 1.2-2 em, base truncate or broad-
ly cuneate, the upper ones decurrent, entire,
gradually narrowing into the acuminate apex,
veins simple or forked, distinet, spreading at a
broad angle to the midrib and up to 0.5 mm
apart at the midrib. Sori closely parallel to and
on either side of the midrib, 1-2 mm wide, often
enlarged to overlap or cover the midrib, indusi-
um usually broken before maturity. Spores 47
um x 37 pum, pale translucent with a clear,
rather narrow median wing, smooth to scabrous.
B. vittatum. Caudex erect or suberect, upto 1 m
long and 3-5 cm in diameter, densely scaly at
the apex; scales linear-acuminate, 1-4 cm x
0.2-1.5 mm, black or very dark brown, frequent-
ly with paler margins. Leaves usually dimor-
phous, pinnate; petiole 12-58 em long, dark at
the base, stramineous upwards, densely and per-
sistently scaly at the base, few scales persistent
elsewhere, peticle and rachis at underside often
with conspicuous black lines on the ridges on ei-
ther side of the groove; lamina in outline ovate to
narrowly elliptical in smaller {50 ecm long)
leaves, linear to narrowly elliptical in larger (100
c¢m) ones, up to 100 em x 40 em, base more or less
truncate, gradually widening towards the mid-
dle, apex acute; rachis stramineous to pale
brown, glabrous or with a few scales; sterile pin-
nae oblong to narrowly elliptical, 6-21 cm x 1-2
c¢m, base adnate and often decurrent (middle re-
gion of the lamina), often slightly auriculate, in
larger leaves several basal pairs may be petio-
late and deflexed, margins crenate to denticu-
late, increasingly toothed towards the sharply
acute apex; fertile pinnae similar to the sterile
ones, or narrower and linear, 15(-20) ecm x
2.5-3.6 mm, with veins simple or forked, dis-
tinet, ending in a gland. Sori covering the whole
surface when the fertile pinnae are narrow, in
normal pinnae sori not covering the whole un-
dersurface, often somewhat discontinuous, Spo-
res 46 pm x 33 um, smooth to scabrous.
- B. vulcanicum. Rhizome creeping or erect, often
forming a caudex up to 20 cm long and 3 c¢m in

diameter, clothed with densely scaly bases of old

petioles; scales linear to narrow triangular, up

to 2.5 cm x 3 mm, entire, shiny red-brown.

Leaves dimorphous, erect or pendulous, narrow-

ly to broadly elliptical in outline, 10-70 em x

3-30 cm, fertile leaves usually longest, but size

of leaves (and whole plants) varies considerably;

petiole 540 c¢m long, slender, yellowish-brown,
usually pilose with fine straight uniseriate
hairs, at base densely persistently scaly; lamina
pinnatisect to pinnate with 6-30 pairs of pinnae,
rachis and veins with persistent whitish hairs;
sterile pinnae oblong to narrowly triangular, of-
ten slightly falcate, 4-8 em x 0.7-1.5 cm, sessile
and adnate to rachis (except basal pair which is

semi-adnate); fertile pinnae 48 c¢cm x 4-6 mm

wide, spaced on the rachis, margin often with

hairs. Sori covering whole undersurface, indusi-

um sometimes bearing hairs. Spores 42 pm x 33

pm, smooth to granulose.

Growth and development After germination
of a spore of Blechnum, a gametophyte is devel-
oped. The prothallus is cordate or elongate with a
distinct firm midrib and often bearing simple
chlorephyllous hairs. The gametangia are of the
common, advanced leptosporangiate type. After
fertilization the sporophyte starts growing and
the first leaves are small and differ from the
leaves in mature plants. Some species produce a
caudex (stem) sufficiently tall for the plants to be
regarded as small tree-ferns {e.g. most species
mentioned here). Other species form a slender
creeping rhizome which may be either above-
ground or subterranean giving rise to colonies
from one individual (e.g. sometimes B. indicum),
whereas other species produce a massive subter-
ranean rhizome. In B. egregium the fertile leaves
are seasonal in their development and usually oc-
cur in the central part of the leaves. In B. orientale
the growth form varies from small leathery fertile
plants on dry exposed soil banks to large harsh
ferns of open spaces on the margins of lowland.

Other botanical information In 1753 Lin-
naeus mixed up collections and described the most
widespread species of the New World, B. occiden-
tale L., ag occurring in the Old World, and the
most widespread species in the Old World, B. ori-
entale L., as occurring in the New World. In 1763
he corrected the error and it has been generally
accepted to have the correction effectuated start-
ing 1753. Taxonomically, Blechnum is very incom-
pletely known. It is classified in the Blechraceae
which comprises 9 genera (including Woodwardia
J.E. Smith, mostly distributed in the northern
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hemisphere). The leaf pattern is a very important
characteristic for identifying species in Blechnum,
but sometimes characteristics of petiole, rachis,
scales on the midrib, spores and hairs are also
needed. B. egregium and B. vittatum are closely
related; they can be distinguished by their basal
pinnae: sessile or shortly petiolate but of normal
size in B. vittafum, reduced to small, (semi)adnate
Iobes in B. egregium. B. indicum is closely related
to the American B. serrulatum Rich. with broader
and oblong pinnae that do not taper evenly from
the base to the apex. B. orientale occupies a very
wide range of habitats resulting in extremely
varying plants, from 20 ecm up to over 3 m tall.
Sometimes confusion with B. finlaysonianum
Wall. is possible, but the latter always grows in
the shade, having pinnae up to 4 cm wide and not
tapering towards the apex. B. vuleanicum plants
are very variable in leaf size and hairiness; in
Malesia plants are usually densely brown pilose
but plants with paler, often silvery white hairs al-
so oceur. It is possible that what is known as B.
vuleanicum from outside Malesia, is a complex of
several species, B. gibbum (Labill.) Mett. (dwarf
tree fern) is raised in nurseries and sold as a pot
plant in West Java.

Ecology The greatest diversity of Blechnum
species is to be found in almost perpetually humid
regions. In South-East Asia all species are primar-
ily terrestrial, although in very humid habitats
some individuals might grow on fallen logs. B.
egregium is mostly found in humid jungle areas on
stream banks and protected cliffs, from the low-
land up to over 1500 m altitude. B. indicum grows
in brackish swampy areas and river margins, usu-
ally near the coast but sometimes inland and up
to 1900 m altitude, often forming extensive dense
stands on sandy or peaty soils in open, sunny loca-
tions, usually along with grasses. B. orientale is
often a primary colonizer afier forest clearing and
fire and it sometimes becomes a dominant species
after repeatedly being burnt. It is a fern of open
places which never grows in the shade. On very
exposed sites the plants may be stunted with often
unusually wide sori. It is found from the low hills
up to 1500 m altitude. B. vittatum is a forest fern
and a common undergrowth species from the pri-
mary and secondary lowland rain forest up to 600
m altitude in Fiji and up to 1200 m in Papua New
Guinea. It may invade voleanic slopes within two
years after an eruption. B. vulcanicum grows in
cool, moist, partly shaded locations, usually in for-
est, more rarely in exposed tall grasslands. It is
certainly not restricted to volcano sides.

Propagation and planting B. orientale grows
easily from spores. In culture, 95% of the spores
germinated 30 days after sowing. No information
is available on commercial cultivation,

Husbandry When B. orientele is planted in gar-
dens, the soil should be well drained. Provided the
plants are well watered, they can be exposed to
the full sun. Plants can be grown within the tem-
perature range 8-40°C.

Diseases and pests The fungus Stenella aus-
traliensis was found to attack B. indicum in Aus-
tralia.

Genetic resources and breeding Germplasm
collections or breeding programmes are not known
to exist for BlecAnum.

Prespects Blechnum comprises a range of in-
teresting species with variable uses including edi-
ble young leaves and rhizomes as well as medici-
nal applications. The ornamental value of several
species may have commercial potential. More re-
search is needed to evaluate the possibilities for
domestication and to determine the food value of
the edible species and the active principles of the
medicinal species,
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F.X Inawati

Cephalomanes javanicum (Blume) van
den Bosch

Hymenophyll. javan. 30, pl. 22 (1861).

HyYyMENOPHYLLACEARE

2n =ca. 64

Synonyms Trichomanes javanicum Blume
{1828), T. laciniatum Roxb. (1844).

Vernacular names Indonesia; pakis kartam
(general), taimalaulau, sikai’kai’batak (Siberut).

Origin and geographic distribution C. ja-
vaenicum is distributed throughout South-East
Asia.

Uses In Peninsular Malaysia, C. javanicum,
dried and mixed with garlic and onions, was
smoked like tobacco to cure headache. In northern
Siberut (Indonesia), it is one of the ingredients of
a medicine used to treat wounds caused by snake
bites. C. javanicum has also gained some popular-
ity as an aquarium plant.

Production and international trade C. jo-
vanicum plants produced as agquatic ornamental
are traded on a very small scale.

Properties C. javanicum contains flavonoids.

Description Rhizome erect, bearing many
rather thick roots and with the leaves in dense
tufts. Leaves monomorphous, pinnate; petiole
1.5-15 em long, not winged, densely setose when
young, glabrescent; lamina odd-pinnate, lanceo-
late, 5-25 cm x 1.5-5 cm, base obtuse, apex acumi-
nate, lustrous dark green, stiff membranaceous,
glabrous; rachis narrowly alate, setose but
glabrescent; pinnae lanceolate-oblong, up to 0.8
em x 2.5 em, gradually shorter towards the leaf
apex, subsessile, base cuneate, margin serrate,
apex acute; venation anadromous. Sori on the
acroscopic lobes, placed on a receptacle with a
long protuberance from a tubular involucre that is
trnmersed within the leaf-tissue; involucre 2 mm x
1 mm, truncate at the apex.

Growth and development The spores of Hy-
menophyllaceae contain chloroplasts that start to
divide within the spore coat and are short-lived.
The development of the filamentous or ribbon-like
prothallium is slow, often taking a few years until
it is mature.

Cephalomanes jovanicum (Blume} Bosch - 1,
habit; 2, part of leaf with sori.

Other botanical information Cephalomanes
C. Presl comprises about 60 species, distributed
pantropically but with the highest concentration
in the Old World tropics. €. javanicum is very
variable in size and sometimes young plants are
already fertile with only a few sori in the upper
small pinnae. The sori of well-grown plants are
nearly all on the middle to upper part of the acro-
scopic side of pinnae on the upper half of the leaf,
not or only rarely reaching the apex of the pinnae.
The receptacle of the sori is often very long when
old and it sometimes has an enlarged tip (hence
the name Cephalomanes).

Ecology C. jevanicum is a terrestrial, rheophyt-
ic fern, common near streams in lowland forest,
either on rocks or rooted in earth. The thick
spreading roots enable it to withstand fast flowing
water in floods. All Hymenophyllaceae have very
thin leaves and need a permanently high air hu-
midity.

Propagation and planting C. javanicum can
be propagated by spores and by rhizome cuttings
bearing at least one crozier. It is not very well
suited as an aquarium plant because it is not
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aquatic at all. When submerged it merely survives
for a while, but hardly grows.

Harvesting For traditional medicinal use, the
whole plant of C. javanicum is collected, cleaned,
dried and stored until needed.

Genetic resources and hreeding Germplasm
collections are available at the fernarium of the
Universiti Kebangsaan Malaysia in Bangi, Selan-
gor, Peninsular Malaysia. No breeding program-
mes are known to exist.

Prospects Since C. javanicum is rather limited
in its applications in South-East Asia, it is antiei-
pated that it will remain a minor plant resource in
the region.
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G. Rusea

Ceratopteris thalictroides (L.) Brongn.

Bull. Sci. Soc. Philom. Paris, sér. 3, 8: 186
(1821).

PTERIDACEAE

2n = 154, 156 (tetraploid, two reproductively iso-
lated eytotypes)

Synonyms Acrostichum thalictroides L. (1753},
A. siliquosum L. (1753}, Ceratopteris siliquosa (L.)
Copel. (1935),

Vernacular names Floating stag’s horn, pod
fern, oriental water fern (En). Water sprite (Am).
Indonesia: paku tespong, paku cai, pakis rawa.
Malaysia: paku ruan, paku roman, sayur kodok.
Philippines: makahirak-hirak, pakong sungai,
pakong tubig. Laos: kok karn pu. Thailand: phak
khaakhiat, phak Xkuutnam, phak kuut kao
kwuang. Vietnam: rlasng glajlec nai, quyleeslt
glajle nai, rau c[aafn tr{ooli.

Origin and geographic distribution C. tha-

lictroides is distributed worldwide in the tropics
and subtropics, including South-East Asia. Be-
cause of its aquatic or semi-aquatic ecological re-
quirements, in South-East Asia it is often a com-
mon weed in irrigated rice fields.

Uses In South-East Asia especially the voung
leaves of C. thalictroides, before they have un-
curled, make excellent greens and when cooked
can be eaten as a salad or as a substitute for as-
paragus as a vegetable. In the Philippines this is
the only fern ever grown as a food crop. In Thai-
land, young leaves are often blanched first. Plants
can be used as a green manure in rice fields. Medi-
cinally, this fern is used in Malaysia and the
Philippines as a poultice against skin complaints,
in China as a styptic to stop bleeding. Ceratopteris
species, including C. thalictroides, are commer-
cially used as ornamentals in aquaria and as mod-
el plants in all kinds of plant-based research. It is
extremely useful for research because it has inde-
pendent haploid and diploeid life phases (thus com-
bining features of higher and lower plant sys-
tems), a short life eycle, a simple genetic system
and reproduction by single-celled haploid spores
allows for the screening of extremely large num-
bers of individuals in a small space.

Production and international trade For use
as a green vegetable or as a medicine, production
and trade of C. thalictroides in South-East Asia is
limited to local markets. Worldwide it is much
sold in fish hobbyist stores as a popular, easy-to-
grow aquarium plant, popularly called ‘water
sprite’.

Properties Per 100 g edible portion, young fern
leaves of C. thalictroides contain approximately
230 mg protein, 150 mg P,0O;, 150 mg Ca0, 120
mg Fe and 300 mg Mg. Alkaloids, arbutin and tan-
nin have been found in the green parts.

Description A highly polymorphic, unbranch-
ed, light green, aquatic or semi-aquatic fern, usu-
ally rooted in soil, up to 1 m tall. Rhizome short,
erect, sparsely scaly, bearing a rosette-like tuft of
leaves; scales broadly ovate, 2 mm x 1,5 mm, base
truncate or cordate, entire, apex acute terminat-
ing in a thin, glandular, translucent eell with dark
lateral cell walls; roots borne on the petiole at or
near the base. Leaves dimorphous, succulent;
petiole thick, fleshy, sometimes inflated, filled
with large air-cells, up to 50 cm long and 1 cm in
diameter at base, rounded and ribbed on the un-
derside, flattened and smooth above, sparsely
scaly with broad, flaccid, appressed, often circular
or reniform, light brown scales; rachis and other
axes of the leaf herbaceous with tissue virtually
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Ceratopteris thalictroides (L.) Brongn. — 1, habit; 2,
petiole scale; 3, fertile pinnules; 4, sporangia along
lateral parallel veins; 5, sporangium; 6, spores.

undifferentiated and continucus from the axes on-
to all the various segments; sterile laminas 1-3-
pinnate, subdeltate to ovate or oblong, 2-40 cm x
2-20 cm, usually shorter and wider than in fertile
leaves, glabrous, often provided with prolifercus
buds in the axils of pinnae or sinuses of segments;
sterile segments lobed or incised, up to about 12
cm long, ultimate lobes linear, acute; fertile lami-
nas larger, more erect and more copiously divided,
3—4-pinnate, up to 100 cm x 50 em, pinnules divid-
ed into linear acute lobes up to 5 cm x 2 mm, the
margin revolute and covering the sporangia; ma-
ture leaves turn brown and will expose the spo-
rangia which then start releasing spores. Sporan-
gia scattered individuaily along the veins on the
lower lamina surface, short-stalked (appearing
sessile), large, the annulus longitudinal, irregular,
composed of 20-71 slightly indurated cells, some-
times interrupted at the apex as well as at the
stalk. Spores 32 per sporangium, tetrahedral,
96-124 pm in diameter, pale yellow, translucent,
with raised superficial lines forming a network of
irregular long meshes.

Growth and development The buds present
in the axils of the pinnules of C. thalictroides can
serve as a means of vegetative propagation which
is supposed to be the principal mode of reproduc-
tion. The depth of water in which spores will ger-
minate is unknown. Old plants are always more or
less submerged in water at their bases, where
they also can bear roots. The length of the stipes is
probably determined by the depth of the water.
Young plants mainly produce sterile leaves; on
well-grown mature plants leaves are usually fer-
tile. C. thalictroides has a short, upright rhizome
and often grows as an annual. In non-seasonal
waters, however, it may live for several years and
attain a considerable size. In vitro, a spore germi-
nates in 3 days on a simple inorganic nutrient
medium and a mature gametophyte develops
within 6 days of germination. The gametophyte
consists of a small (less than 2 mm), simple, two
dimensional thallus with rhizoids, vegetative cells
and sexual organs (antheridia and archegonia).
Sexual differentiation is controlled by a phero-
mone. In the presence of water the antheridia re-
lease sperms which swim to the archegonia to fer-
tilize eggs. After fertilization the zygote starts to
grow, becoming a 5-20 cm tall sporophyte with a
short upright rhizome, roots and leaves., When
mature, spore preduction is continuous by meio-
sis, which occurs within the sporangia that are lo-
cated on the margins of fertile leaves, Spores re-
main viable for many years and can be stored at
room temperature. The whole cycle from spore to
spore can be completed in less than 30 days. De-
tached juvenile leaves placed on moist soil readily
produce aposporous prothalli. Older leaves pro-
duce shoot buds under these circumstances.

Other botanical information The genus Cera-
topteris Brongn. comprises an ancient group of
ferns which has been variously classified, mainly
because its evolutionary relation to other genera
or groups is not clear as a result of extinction.
Here it is classified in the subfamily Cerafopteri-
doideae of the family Pteridaceae. In the literature
it has been classified in, for example, Adientaceae,
Parkeriaceae, or in the so-called Adiantum-group.
Ceratopteris comprises 3-4 species, all edible,
most of them diploid {2n = 78) but C. thalictroides
is tetraploid. C. pteridoides {Hook.) Hieron. is
principally limited to Central and South America,
but in South-East Asia it also occurs in Vietnam.
It is easily recognized by its simple sterile leaves.
C. cornuta (Beauv.) Le Prieur is mainly confined
to tropical Africa and is nowhere common; it much
resembles C. thalictroides and in the past the two
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were often considered identical. C. richardii
Brongn. occurs in tropical America and Africa, but
it much resembles C. thalictroides and it is ques-
tionable whether it is a different species (diploid,
16-spored sporangia, against tetraploid and 32-
spored sporangia in C. thalictroides).

Ecology In South-East Asia, C. thaliciroides is
commonly found in swamps, shallow water rice
fields, along ditches and ponds with the greater
part of its leaves exposed to air, throughout the
lowlands in sunny locations. Its life cycle makes
the plant well adapted to seasonal fluctuations in
the water level.

Propagation and planting Propagation of C.
thalictroides is by spores, by rhizome cuttings and
by a kind of bulbil (bud) present in the axils of pin-
nules. Spores can float on water; they will germi-
nate readily and produce young plants both sub-
merged in water and on the surface of wet mud ex-
posed to air. Submerged plants develop most
quickly.

Husbandry C. thalictroides is sometimes culti-
vated for food but not commercially. Farmers har-
vest the plants from rice fields and swampy loca-
tions for local consumption. In the Philippines it
was once cultivated in a paddy field on a larger
scale, but was destroyed by a fungus.

Diseases and pests In the Philippines plants of
C. thalictroides were completely destroyed by an
unidentified fungus.

Harvesting Young leaves of C. thalictroides are
collected for cooking while mature plants are used
for green manure.

Genetic resources and breeding C. thalic-
troides is distributed pantropically and is not in
danger of extinction. Germplasm collections or
breeding programmes are not known to exist, also
because in agriculture it is considered a weed. Its
value as a model plant for plant breeding research
is considerable.

Prospects In most areas the use of C. thalic-
troides as a vegetable or as a green manure is also
a method of weed control in rice fields. With in-
creasing use of herbicides its weedy occurrence
will decrease and possibly also its consumption. In
South-East Asia it will remain a fern of minor im-
portance. Its use as an agquarium ornamental and
as a model plant in research will guarantee a con-
tinuing interest.

Literature |1/ Amoroso, V.B., 1990. Ten edible
economic ferns of Mindanao. The Philippine Jour-
nal of Science 119(4): 295-313. 12| Devol, C.E. &
Shieh, W.-C., 1994. Parkeriaceae, Ceratopteris.
In: Huang, T.-C. {General Editor): Flora of Tai-

wan. 2nd Edition. Vol. 1. Pteridophyta and Gym-
nospermae. Editorial Committee of the Flora of
Taiwan, Taipei, Taiwan. pp. 535-536. 3] Holttum,
R.E., 1966. A revised flora of Malayza. 2nd Edition.
Vol. 2. Ferns of Malaya. Government Printing Of-
fice, Singapore. pp. 577-579, 638. 4/ Lloyd, R.M.,
1993. Parkeriaceae. In: Flora of North America.
Vol. 2. Pteridophytes and Gymnosperms. Oxford
University Press, New York, Unites States. pp.
119-121. I5] Tagawa, M. & Iwatsuki, K., 1985.
Ceratopteris. In: Tagawa, M. & [watsuki, K. (Vol-
ume editors), 1972-1989. Pteridophytes. In: Smiti-
nand, T., Larsen, K. (Series editors): Flora of
Thailand. Vol. 3. Forest Herbarium, Royal Forest
Department, Bangkok, Thailand. pp. 183-185.
Chanpen Prakongvongs

Cheilanthes tenuifolia (Burm.f.)
Swartz

Syn. fil.: 129, 332 (1806).

PTERIDACEAE

2n = 56-60 (diploid), 112-120 (tetraploid)

Synonyms Cheilanthes hispidula Kunze (1848),
Cheilanthes moluccana Kunze (1848), Cheilosoria
tenuifolic (Burm.f.} Trev. (1877).

Vernacular names Narrow-leaved lip fern
(En). Indonesia: paku jepun (Sundanese), paku
alug (Moluccas), paku resam lumut (Bangka).
Malaysia: resam lumut, resam padi, paku telur
belangkas. Philippines: pakong-roman (Tagalog).
Thailand: chon phee (peninsular). Vietnam:
thlaafln m[oo] l{as] m[arnh.

Origin and geographic distribution C. te-
nuifolia is distributed in the tropics of Asia and
Oceania, from northern India, Sri Lanka, south-
ern China and Taiwan, throughout South-East
Asia to Australia and many Pacific islands.

Uses In Peninsular Malaysia, a decoction of C.
tenuifolia is traditionally used as a hair tonic (to
thicken hair), and the ashes of its burnt leaves
mixed with those of other plants (e.g. Biophytum
sp., Hedyotis sp. and a wild pepper} are powdered
over newborn infants. In Indonesia (Ambon), peo-
ple alse traditionally use a decoction of the plant
as a hair tonie, as a substitute for maidenhair fern
(Adiantum spp.). C. tenuifolia is also valuable as
an ornamental.

Production and international trade No in-
ternational trade of C. fenuifolic exists and it is
not cultivated commercially. The plants are col-
lected from the wild whenever needed.

Properties Reports of toxicity of C. fenuifolia
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are based on Australian literature and probably
refer to C. sieberi Kunze.

Description A small, terrestrial fern, up to 70
cm tall, with triangular, long-stalked leaves and
marginal sori. Rhizome ascending, much branch-
ed, wiry, about 7 em x 3 mm, clothed with subu-
Iate, entire scales, 2-4 mm x 1 mm, light to dark
brown. Leaves many, densely tufted, dimorphous,
the sterile ones usually much smaller than the
fertile ones; petiole slender, up to 45 em long on
fertile leaves, usually about 1.5 times the length
of the lamina, much shorter (46 cm} on sterile
leaves, lustrous dark brown, bearing secattered
short brown hairs, sometimes glabrescent when
old, slightly swollen and densely scaly at base,
sparsely and minutely scaly near apex, suleate
above; sterile laminas ovate to broadly deltoid,
about 10 cm x 8 em, quadripinnate below, grading
through tripinnate to pinnate at the apex, charta-
ceous, all parts setose; pinnae subopposite, ap-
proximate to imhricate; rachis coloured as petiole,

Cheilanthes tenuifolic (Burm.f.) Swartz — 1, habit;
2, scale; 8, lower surface of a portion of a fertile
blade with sori and reflexed margins; 4, lower sur-
face of @ portion of a fertile blade with sori and un-
reflexed margins; 5, spore.

distally green, glabrous, ribs sparsely hairy or
glabrescent; pinnae deltoid te ovate, inequilateral,
more developed towards the base, up to about 6
cm long, the lower ones stalked; pinnules ovate to
oblong, 2-5 mm x 2-3 mm, sessile, lobed or entire,
the first one on the basal pinnae 1.5-2 times as
long as the next one; ultimate divisions elliptical,
the largest about 3 mm long, entire or slightly
lobed; veins dark, simply or double forked in the
larger leaflets, invisible ahove, distinct below; fer-
tile laminas similar but larger, up to 30-70 cm x
7-22 em, the pinnae more distant. Sori rounded,
marginal, confined to the end of veins on the lower
pinnule surfaces but appearing continuous at
margin of lobes, when young protected by inrolled
margins of lobes, edges uneven, pellucid, black;
sporangia almost globular, 0.1 mm in diameter,
short-stalked, 10-20 per sorus, with a vertical an-
nulus of 16-19 cells. Spores trilete, tetrahedral,
40-60 um x 41-46 pm, with reticulate-echinate or-
namentation, brown or nearly black, 32 per spo-
rangium.

Growth and development A spore of C.
tenuifolic germinates readily in culture; rhizoids
emerge within 2 weeks after sowing. The prothal-
lus reaches maturity about 6 months after germi-
nation of the spore and the gametophyte is cor-
date, about 1 ¢m long, glabrous, with a prominent
midrib bearing rhizoids and sex organs. The
midrib is 6-8 cells thick and the wing cells are
uniformly thin-walled. Antheridia mostly globose,
appearing superficially on the underside, occa-
sionally on the margins, when the prothallus is
about 2 mm wide (after about 40 days) and still
one cell thick, The archegonial neck is composed of
6 tiers of cells and curved. Fertilization and for-
mation of sporophytes occurs profusely in culture
and generally only a single sporophyte develops
per prothallus. The first juvenile leaf is entire,
broadly cuneate to spatulate, with a single medi-
an vein dichotomizing equally once or twice, hairy
especially on the margin. C. tenuifolia grows ac-
tively during the rainy season and becomes dor-
mant in the dry season,

Other botanical information In the litera-
ture, Cheilanthes Swartz can also be found classi-
fied in other families such as Adiantaceae, Parke-
riaceae, Polypodiaceae, Sinopteridaceae or in the
so-called Adigntum group. Within the Pferida-
ceae, Cheilanthes is classified in the subfamily
Cheilanthoideae, including genera such as Liavea
Lagasca and Pellaea Link. C. fenuifolia is a vari-
able species. In Queensland (Australia) two sub-
species are distinguished, subsp. tenuifolic (syn-
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onyms: C. sciadiodes Domin, Notholoena scio-
diodes Domin) and subsp. shirleyena Domin (syn-
onym: C. shirlevana (Domin) Quirck & T. Cham-
bers) which differ in lamina characteristics. In
subsp. fenuifolic the lamina is ovate to broadly
triangular in outline, usually at least twice as
long as wide, the basal branches of the basal pin-
nae on the lower side not markedly enlarged, ulti-
mate segments of fertile leaves with margins
bearing small, obtuse lobes which may or may not
be reflexed, partly covering the sori. In subsp.
shirleyang the lamina is broadly pentagonal,
about as long as wide, basal branches of the basal
pinnae markedly enlarged; ultimate segments of
fertile leaves irregularly crenate, the margins re-
flexed almost continuously along each side of a
segment, covering or partly covering the sori.

The combination Cheilanthes tenuifolia has also
been applied to 2 other species; C. insignis Ching
(1974) {homonym: C. fenuifolia C. Chr., 1924), and
C. chusana Hook. (1858) thomonym: C. fenuifolia
Hook., 1862).

In Burma (Myanmar) leaves of C. farinose
(Forssk.) Kaulf,, a pantropically distributed spec-
ies with characteristic white-powdery leaf under-
sides, form part of religious temple offerings. Bou-
quets of the leaves which grow abundantly near-
by, are left amongst offerings at the temple on Mt
Popa, an extinct volcano.

Ecology C. tenuifolia occurs often on unfertile,
dry or humid, rocky ground in open forest areas,
on old stone or earthen walls, sometimes amidst
alang-alang (Imperata cylindrica (L.) Raeuschel)
or as a weed on ridges in plantations, sometimes
gregariously, from sea-level up ta 1500 m altitude.
It is drought-resistant but also grows well in areas
with abundant rainfall. In regions with a pro-
nounced dry season the aboveground parts wither
and the plant resumes growth after the first rains.
It is often able to regenerate when the grassy veg-
etation in which it grows is mowed not too close to
the ground.

Propagation and planting Natural propaga-
tion of C. tenuifolia iz by spores, and it is said to
have an apogamous character. It is eagier to grow
than other species of Cheilanthes and does best
under semi-protected conditions.

Harvesting Leaves of C. tenuifolia are collected
from the wild and used fresh, as decoction or
stored dry.

Genetic resources and breeding C. tenuifolia
seems not to be in danger of genetic erosion as it is
distributed widely and is rarely collected on a
large scale. However, the spore number in each

gporangium and the type of spore germination in-
dicate that the species reproduces apogamously. If
sexual reproduction is absent C. tenuifolia will ge-
netically remain less variable and evolutionary
perhaps be in danger. Germplasm collections or
breeding programmes are not known to exist.
Prospects Since C. fenuifolia is used in South-
East Asia as a medicine and because it has poten-
tial as an ornamental, research on the possibili-
ties for its domestication is worth considering.
Literature 1! Bidin, A., 1989. Tinjauan flora
dan sitotaksenomi paku-pakis di Semenanjung
Malaysia [A review on the flora and cytotaxonomy
of ferns in Peninsular Malaysia[. Penyelidikan Se-
masa Sains Hayat 4: 47-58. 12| Holttum, R.E.,
1966. A revised flora of Malaya. 2nd Edition. Vol.
2. Ferns of Malaya. Government Printing Office,
Singapore. pp. 589-592. 13| Nayar, B.K., 1963, The
morphelogy of some species of Cheilanthes. The
Journal of the Linnean Society of London (Botany)
58(374): 449-460. |4| Quirk, H., Chambers, T.C. &
Regan, M., 1983. The fern genus Cheilanthes in
Australia. Australian Journal of Botany 31:
501-553. |5/ Tagawa, M. & Iwatsuki, K., 1985.
Cheilanthes. In: Tagawa, M. & Iwatsuki, K. (Vol-
ume editors), 1979-1989. Pteridophytes. In: Smiti-
nand, T., Larsen, K. (Series editors). Flora of
Thailand. Vol. 3. Forest Herbarium, Royal Forest
Department, Bangkok, Thailand. pp. 200-206. 16|
Zamora, P.M., 1975. Sporangial type in three
species of Cheilanthes, Kalikasan 4: 106-112. 17|
Zamora, P.M., Amoroso, C.B., Chaimongkol, 8. &
Marzan, M., 1993. Structure & development of the
gametophytes of Philippine cheilantoid ferns, IV.
Cheilanthes tenuifolia. Asia Life Science Journal
2(1): 88-98.
Dedy Darnaedi & Titien Ngatinem Praptosuwiryo

Cibotium barometz (L.) J. Smith

London Journ, Bot, 1: 437 (1842).

DICKSONIACEAE

2n =136

Synonyms Polypodium barometz L. (1753), As-
pidium barometz Willd. (1810), Dicksonia bara-
netz Link (1841).

Vernacular names Scythian lamb, Tartarian
lamb, golden lamb (En). Indonesia: penawar jam-
bi, paku simpai, bulu jambe. Malaysia: penawar
jambi, bulu pusi, bulu empusi. Philippines: bora-
bor (Ilokano), salagisog (Bikol), tinampa (Igorot).
Thailand: kut phipa (northern), wan kai noi (cen-
tral), ninla phosi (peninsular). Vietnam: c{aarlu
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tlislch, lloolng cu li, rlaslng cfas]t tu, claaly
loolng khlir].

Origin and geographic distribution C. baro-
metz occurs from north-eastern India to southern
China and Taiwan, throughout continental South-
East Asia and to Sumatra, Java, the Philippines
and north to the Ryukyu Islands.

Uses The golden-coloured hairs on the rhizome
and young parts of C. baromelz and other Ci-
botium species have long been used in China,
South-East Asia and elsewhere as a styptic to stop
bleeding. In China and Japan an extract of the
rhizome (‘gouji’) is used as an antirheumatic, to
stimulate the liver and kidneys, to strengthen the
spine, to expel wind and dampness, and as a pro-
static remedy. On indication of deficiency of the
liver and kidneys, manifested as pain in the lower
back and knees, gouji is used with the bark of the
hardy rubber tree (Eucommia ulmoides Oliv.),
teasel root (Dipsacus sp.) and cyathula root
(Achyranthes bidentata Blume), When accompa-
nied by invasion of wind and dampness, manifest-
ed as soreness and pain in the lower back and
knees and motoric impairment, gouji is used with
cinnamon twigs, bigleaf gentian root (Gentiana
macrophylla Pall.) and futokadsura stem (Kad-
sure japonica Dunal). In the Philippines, the stem
is used to treat topical wounds and ulcers. In
Malaysia an infusion of the leaves is said to cure
fainting. The hairs have also been used to stuff
pillows and cushions; such pillows are very cool
during warm nights and are well suited to use in
the tropics, but the hairs easily break when they
become dry and they can irritate the skin and
lungs when they pass through the pillow case. In
general, all Cibotium species have also ornamen-
tal value and, e.g. crowns with croziers are cut for
table decoration. In China a diluted solution of
plant parts is used to control aphids and spider
mites. The hairy rhizome of C. barometz iz sup-
posed to have given rise to the fable of the Scythi-
an lamb (Tartarian lamb, vegetable lamb) which
was said to grow on a stalk like a plant and to de-
vour plants (or just air) around it. The suggestion
is that a piece of the rhizome of C. barometz, with
4 stipes attached, inverted, may have had a lamb-
like appearance. Such pieces of rhizome were sold
from a very early date for their hairs which will
staunch a bleeding wound. They were also used as
charms hung in houses to ward off evil. Such
pieces are still sold ag charms in the Philippines,
Malaysia and Taiwan. When forests were cleared
in Peninsular Malaysia in the 1970s, many such
tree ferns hecame accessible to collectors who cut

off their apices and sold them in pots as Golden
Chicken plants, to be used as table ornaments and
charms. The vendors claimed that these plants
would keep the house cool, ward off evil and cure
certain illnesses.

Production and international trade In the
past the golden yellow hairs (variously called “pili
cibotil’, ‘agneau de Scythie’ or ‘golden moss’) of C.
barometz were a much-traded medicinal commodi-
ty, for which around 1900 a new, strong, world-
wide demand arose because its styptic qualities
were far better than those of chemical products.
Tts common trade name was ‘penawar jambi’. In-
terest declined, however, in South-East Asia as
supply was unable to meet demand at the time.
No further information exists on its current use,
but there is still international trade in the hairs,
e.g. a single French company is known to process
100 kg of ‘pili cibotii’ per year. Dried rhizome
parts {‘rhizoma cibotii’} are offered for sale by com-
panies selling herbals. In its trade as an ornamen-
tal there is some confusion with Macrothelypteris
torresiana Gaud. In the medicine trade it is also
known by the Chinese name ‘gou ji’ as well as
‘chain fern’, which is normally associated with
Woodwardia sp.

Properties A chemical analysis of C. barometz
in Japan revealed that 100 g of the aboveground
parts contained 11 mg pterosin R, 24 mg onttin, 75
mg onitin-2-0-f-D-glucoside, and 13 mg onitin-2-
0-B-D-alloside. The rhizome also contains up to
8% (but usually much less) of an oil, of which
palmitic acid and linoleic acid were the major con-
stituents. In the rhizomes of several Cibotium
species starch is present in extractable amounts.
In Hawaii it is extracted from C. chamissoi Kaulf.,
but in general it is only extracted in case of seri-
ous food shortage.

Description A large tree fern with stem usual-
ly creeping and, like the petiole bases, covered
with stiff, golden hairs. Caudex (trunk) massive,
prostrate to erect, up to 2-3 m long, the young
parts at the top very densely covered with shiny
golden-brown hairs up to more than 4 cm long,
young plants softly hairy throughout. Leaves in a
tuft at the apex of the trunk; petiole stout, some-
times attaining 2 cm in diameter, more than 1.5 m
long in larger ones, brownish, bases hairy like the
caudex, the rest tomentose when young, glabres-
cent when old; lamina bipinnately compound,
ovate ta elliptical in outline, up to 2 m x 1 m, un-
der side glaucous, upper side darker green, at un-
derside the veins with pale, entangled, flaceid, ap-
pressed hairs (young plants hairy throughout);
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Cibotium barometz (L.j J. Smith — 1, pinna-rachis
with pinnules; 2, crozier; 3, pinnule (lower surface)
with sori; 4, part of pinnule showing sori, inner
and outer indusia.

rachis brown, densely covered with pale to ferrug-
ineous hairs; pinnae many, alternating, pinnate-
pinnatifid, in outline oblong to lanceolate, the
largest ones up to 80 cm x 25 cm, stalk 0.5-1 cm
long, apex acuminate; pinnules numerous, often
with a few pairs of tertiary leaflets at the base,
deeply pinnatifid throughout, very shortly stalked
or subsessile at distal parts of pinnae, linear-
lanceolate, 10-15 em x 1.5-2.5 cm, broadly
cuneate to subtruncate at base, gradually narrow-
ing towards acuminate apex; ultimate divisions
oblong, oblique to subfalcate, 0.8-1.4 cm x about 3
mm, acute at apex, shallowly but distinetly den-
tate at margin; veins distinet, oblique, once (or
twice in larger lobes) forked, sparsely hairy below.
Sori protected by two indusia which are alike in
texture and different from the green lamina; outer
indusium deflexed so that the sorus appears to be
on the underside of the lobe, permanently round;
inner indusium at maturity bending back towards
the costule and elongating, becoming oblong; the
two indusia joined together for a short distance at

their bases, thus forming a small cup, terminal on
usually unbranched lower veins, 2-4 or more pairs
on a lobe on the largest leaves, parallel to edge of
lobes; paraphyses long and numerous; sporangia
gradate, annulus oblique and opening laterally.
Spores with equatorial ridge, annulate or annu-
lotrilete; exine with proximal face bearing 3 rows
of short laesural ridges, distal face with a distal
ridge,

Growth and development When a spore of C.
baremeiz germinates it firet develops the gameto-
phyte which has no remarkable features except
for its primitive antheridia. Although C. barometz
usually develops as a prostrate creeper, some-
times the stem apex is ascending.

Other botanical information Cibotinm Kaul-

fuss comprises 11 species, 3 in Asia, 2 in Central
America and 6 in Hawaii, and has also been clas-
sified in Culeitaceae, Cyvatheacene, Cystodiucene
and Thyrsopteridaceae, indicating its somewhat
isolated position because it is old and primitive
and phylogenetic relations are not clear as a re-
sult of extinction, The name ‘barometz’ derives
from the Russian ‘haran’, a lamb, ‘baranets’, a
diminutive form; some authors prefer the more
correct spelling ‘baronetz’ for the name of this
species, but Linnaeus used ‘barometz’.
In Indonesia, hairs of the related tree fern Dickso-
nia blumeil (Kunze) Moore have been used as a
substitute for those of C. barometz as a styptic for
bleeding wounds. D. blumei is only found at alti-
tudes of 1500-2500 m in Indonesia (Sumatra, Ja-
va and Sulawesi) in mountain forest. It has a
trunk up to 6 m in length with leaves up to 3 m
long; the substitute hairs are pale (some are red-
dish), slender, rigid and spreading and can be
found as an undercoat of the petiole base, on the
lower surface of pinna-rachis and costae; the peti-
ole base is clothed with much longer spreading
red-brown shining hairs 3-5 em long. It is likely
that hairs of other Dicksonia species (there are 7
in South-East Asia, particularly in New Guinea)
have being used similarly.

Ecology C. barometz grows on open hill slopes
and stream banks in tropical evergreen forest at
500-800 m altitude, and in lower mountain forest
at 1000-1600 m altitude, preferably on non-cal-
careous soils. It becomes prolific in areas where
the forest is disturbed. The thick, prostrate
caudex is not killed by light burning.

Propagation and planting C. barometz grows
from spores and in the wild it possibly chiefly
spreads by the establishment of new plants on
landslides, In the Botanic Garden of Singapore it



82 Cryprrogams: FERNS AND FERN ALLIES

grows well amongst old coral rocks in moderate
shade.

Husbandry C. barometz is not cultivated com-
mercially. The plant is hardy and easily grown. It
will grow in sun or shade, needs good drainage
and responds to mulch and extra water during dry
periods,

Harvesting The hairs of C. baremetz are har-
vested whenever needed. For medicinal use, the
rhizomes are dug in autumn.

Handling after harvest The harvested rhi-
zame of C. barometz is cleaned of soil and the fi-
brous roots are removed, then soaked in wine for
one day, steamed, cut into slices, dried in the sun
and used or stored.

Genetic resources and breeding In most
countries where it occurs naturally, C. barometz is
becoming rare due to the uncontrolled collection of
the rhizome parts for medicinal purposes. C.
barometz has been included in Appendix 11 of the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) which
means that no export is allowed (except for spores
and seedling or tissue cultures obtained in vitro)
without a prior permit issued by the CITES com-
mittee. C. barometz needs protection and germ-
plasm collection. Breeding programmes do not ex-
ist but cultivation for medicinal and ornamental
purposes is recommended.

Prospects In the past C. barometz was an im-
portant source of medicine in China, Europe, In-
donesia, the Philippines and Thailand, and it is
still being used in South-East Asia in traditional
medicine. Research on the possibilities for its do-
mestication also outside its natural habitat may
be considered to meet the increasing demand for
its hairs and as an ornamental.
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Cyathea J.E, Smith

Mém, Acad. Turin 5: 416 (1793).
CYATHEACEAE

x =69; all species: 2n =138
Major species and synonyms

— Cyathea amboinensis (Alderw.} Merr., Interpr.
Rumph. Herb. Amboin.: 63 (1917), synonyms:
Alsophila latebrosa Wall. ex Hook. var. bafja-
nensis Christ (1800), A. amboinensis Alderw.
(1916).

- Cyathea contaminans (Wall. ex Hook.) Copel.,
Philip. Journ. Sci., Bot. 4; 60 (1909}, synonyms:
Chnoophora glauce Blume (1828) [not Cyathea
glouce Bory (1804)], Alsophila glauce (Blume)
J.E. Smith (1841), A. contaminagns Wall. ex
Hook. (1844).

- Cyathea junghuhniana (Kunze) Copel., Philip.
Journ. Sci.,, Bot. 4: 53 (1909}, synonyms: Al-
sophila junghuhniana Kunze (1848), Hemitelia
Jjavanica Presl (1851), H. junghuhniana (Kunze)
Mett. (1859).

— Cyathea lurida (Blume) Copel., Philip. Journ.
Sci., Bot. 4: 45 (1909), synonyms: Chrhoophora
lurida Blume (1828), Alsophile kingii Clarke
(1883), Cyathea kingii {Clarke) Copel. (1909},

— Cyathea moluccana R. Br. in Desv., Mem. Soc.
Linn. Paris 6: 322 (1827}, synonyms: Schizocae-
na brunonis JE. Smith ex Hook. (1838), Cy-
athea brunonis (J.E. 8mith ex Hook.) Wall. ex
Hook. (1844), C. pinnata Roxb. (1844).
Vernacular names General: tree ferns (En).

Indonesia: paku tiang, paku pohon. Malaysia:

paku gajah (Malay), paku papan (Orang Asli).

Vietnam: rlas]ng tileeln t[ojla.
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- C. amboinensis: Indonesia: paku itam (Malay,
Ambon), hahuru meten {(Ambonese), lemputu
{(Balinese).

— C. contaminans: Blue tree fern (En}). Indonesia:
paku pohon (general), pakis arjuno (Javanese),
paku tihang bodas {Sundanese). Malaysia: paku
gajah gunung (Malay), suo luo {Chinese). Philip-
pines: pakong buaya, ancnotong, gantaw. Thai-
land: hua ai pet (central). Vietnam: r[asng
tilee]n tlojla blaafn, rlawlng dlee] th[aaln gloox].

- C. junghuhniana: Indonesia: paku lutung, paku
reong {(Sundanese).

- C. lurida: Indonesia: paku tihang heureum
(Sundanese}.

- C. moluccana: Indonesia: paku itam paya (gen-
eral). Malaysia: paku gajah paya, paku hitam
paya, paku pahat (Malay).

Origin and geographic distribution Cyathea
comprises 600-650 species and is distributed in
the warmer parts of the world, including the trop-
ics and subtropies, but not in the north-temperate
zane or in dry areas. The greatest variety is found
on tropical mountains. In South-East Asia about
200 Cyathea species are known. C. amboinensis is
a native of Indonesia (Sulawesi, Moluccas). C. con-
taminans occurs naturally from northern India
throughout South-East Asia. C. junghuhniana is
confined to Indonesia (Sumatra, Java). C. lurida
occurs in Indonesia (Sumatra, Java), Peninsular
Malaysia and the Philippines. C. moluccana oc-
curs naturally in Malaysia (Peninsular Malaysia,
Sarawak, Sabah), Brunei and Indonesia {(Suma-
tra, Kalimantan, Sulawesi, Moluceas). Numerous
species are also cultivated as ornamentals.

Uses Young leaves of most tree ferns are edible.
After peeling or scratching off the outer layer, the
young curled-up leaves are cut into small pieces
and steamed, boiled or scalded and eaten as a veg-
etable and also used as an ingredient in more
complicated dishes containing coconut milk,
spices and relishes. Young leaf rachises of C. con-
taminans are peeled to remove the spines, then
cut into pieces and steamed or cooked and eaten
with ‘sambal’. Older leaves are sometimes used as
forage. The starchy pith of the stem is used as food
in some countries. When trees are cut for this pur-
pose the top of the stem is cut off to lengths of
ahout 0.3 m, the pith being cut further into small-
er pieces and steamed with rice. The mixture of
cooked rice and fern pith is said to have a fresh
and rather pleasant taste, but in general it is con-
sidered as subsistence food at present, as the
starch content is not very high and the resulting
meal not particularly palatable.

Tree ferns are grown in gardens as ornamentals
and C. contaminans is the largest and most hand-
some one but many other species are also attrac-
tive. The fibrous root-encrusted trunks of tree
ferns are a source of fern-fibre. The trunks with
larger amounts of fibre are cut down, planted up-
side down in decorative gardens (mostly in the ur-
ban areas) or used as a substrate for certain types
of epiphytic ferns and orchids. Often the fibre is
cut off in slabs and used for a similar purpose.
Crushed fibre is also used as a growing medium,
pure or in mixtures with other material. The mass
of adventitious roots at the base of the trunk of
several species has a pot-like shape and is often
used for potting orchids. In some countries a regu-
lar industry has been sstablished around the sup-
ply of tree fern fibre to horticulturists.

In New Zealand a small, cottage-scale industry
has developed around the production of lamp
stands and bases turned from the trunks of
Cvathea on a wood lathe; the turning reveals the
intricate interwoven design of the dark structural
material of the trunk and leaf gaps. This is an in-
dustry that would lend itself to village communi-
ties in Papuasia, but has not yet been introduced.
The stems are also cut and carved as ornamental
vases and other objects such as pencil and umbrel-
la holders. Any part is used for inlaying and to
make small fancy boxes and frames, ‘Bull roarers’
are made from the woody parts of the trunks of C.
contaminans and used on ceremonial occasions (a
bull roarer is a flat piece of weod attached toa 1 m
long string, making a roaring sound when it spins
in the air while the string is swung around). In
New Britain the wood is used for crafting fishing
spears.

Old tree fern trunks are strong and remarkably
durable and can be used for building and hedging.
In the highlands of New Guinea the common
grassland tree ferns at middle altitudes (C, an-
giensis (Gepp) Domin, C. contaminans, C. magna
Copel.) are used ag picket fences for gardens and
as posts on which huts are built. These tree ferns
are very cornmon in the grasslands and in dis-
turbed areas such as abandoned garden sites. Af-
ter the fern has died, the pulpy pith collapses but
the strongly developed sclerotic strands remain.
The trunk commonly attaing heights of over 5 m,
and its lower half is covered with a dense fibrous
sheath of tightly interlocking sclerotic roots which
provide substantial support. The structural ele-
ments of the tree fern trunks are very durable,
even in permanent contact with the ground, being
immune to attack from nearby decay-causing or-
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ganisms. For fences the trunks are planted upside
down, next to each other in a row, and lashed to-
gether to form a palissade to keep out pigs. For
house posts the trunks are also planted upside
down and then a deep notch is cut in the wider fi-
brous end to receive the floor joints. The fibrous
bases of the trunks are sometimes incorporated in
the house ridge poles or centre poles so that they
extend out from the roof; they are then decorated
with various species of ferns or orchids. Less com-
monly they are carved with designs or faces. They
are also hollowed out and used as beehives by the
Dusun community of Sabah (Malaysia). In Java
the hollowed tree trunks have been filled with car-
bide to make canons for celebrations,

In Papua New Guinea several species are used to
produce salt. Their use in farm management
plans to soak up excess nutrients and as weed
eradicators is questionable.

In Peninsular Malaysia poultices of the leaves are
used to treat sores on the legs (e.g. of C. moluc-
cana) while infusions of leaves are applied against
worms. The hairs on young parts of several
species have styptic properties and are used to
stop bleeding. Leaves of the African species C.
manniana Hook. have been used to expel parasitic
worms,

Production and international trade Cyathea
was included in Appendix II of the Convention on
International Trade in Endangered Species of
Wild Fauna and Flora (CITES) in 1975, which
means that no export is allowed (except for spores
and seedling or tissue cultures obtained in vitro)
without prior permit issued by the CITES commit-
tee. In the past several South-East Asian coun-
tries (Indonesia, Papua New Guinea, the Philip-
pines, Singapore} exported fern stems (e.g. to
Japan) in quite large amounts. At present the
trade ig better controlled because a special CITES
export permit is needed. Far example, Indonesia
has c¢btained a CITES-export quotum of 45000
‘stalks’ for C. confeminans. All Cyathea species
are collected from the wild for domestic use and
there is no commercial cultivation of edible young
leaves. Mature plants are dug from the wild to be
grown as ornamentals but the practice is not
widespread. Vases and other articles made from
the stems are sold on local markets and roadsides
mainly to tourists. In Australia there is a very
small amount of trade in cool temperate species
between specialist wholesalers of ornamentals.
The Netherlands conducts some international
trade in artificially propagated tree ferns.

Properties The sclerenchyma of most Cyathea

trunks is exceedingly hard and durable and pro-
vides nearly all the mechanical strength when the
trunks are used as posts. It also provides an inter-
esting pattern when cut in different ways and this
effect is used in the construction of ornamental ob-
jects.

Description Large to very large tree ferns with
small to tall, slender to robust caudex; caudex
usually erect, seldom climbing or prostrate, from
less than 5 ecm up to 15(-20) m tall, 2-24 e¢m in di-
ameter, the apex covered with scales, the surface
often bearing a cover of densely matted adven-
titious roots and prominent leaf scars, Leaves
forming a rosette at the top of the stem, essential-
ly monomorphous, pinnately compound; petiole
stout, imperfectly deciduous, short to long, bear-
ing scales often inserted on wart to spine-like epi-
dermal outgrowths, sometimes also hairy; pneu-

Cyathea contaminans (Wall. ex Hook.) Copel. — 1,
habit. C. moluccana R. Br. — 2, petiole scale; 3, de-
tail of edge of petiole scale. C. luride (Blume)
Copel. — 4, part of sterile pinna. Industum types in
Cyathea spp. — 5, small indusium, completely cov-
ered by sorus; 6, indusium attached on costular
side and covering part of the base of the sorus; 7,
deep cup indusium.
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mathodes present in a discontinuous line or 2-3
lines close together aleng each side of stipe and
rachis; lamina more or less elliptical, lower pinnae
always smaller than the middle ones or gradually
much reduced and then the petiole short, small to
3.5 m x 1 m, pinnate to bipinnate-pinnatifid, hairs
of various kinds rarely on the lamina surface;
rachis adaxially sulcate, besides a groove in the
middle additional flanking grooves may be pre-
sent, stramineous to tawny, less often dark and
polished, like costae with scales on abaxial and
lateral surfaces, at least in early stages of growth;
hairs always on upper surfaces of all but the
smallest axes, antrorse, sometimes branched; pin-
nae up to 70 cm x 20 cm, normally again pinnati-
fid, in a few cases simple, in other cases fully bip-
innate; pinnules up to 12 ¢cm % 2.5 ¢cm, almost sym-
metrical at the base, many on each pinna sube-
qual, distal ones more or less abruptly decreasing;
veins free, simple or branched, lower ones usually
forked, sometimes pinnate where pinnule-seg-
ments are deeply lobed. Sori round, usually at the
fork of veins, or seated on a simple vein, a branch
of the vein always entering the receptacle; indusi-
um present or absent, if present then either at-
tached all around the base of the receptacle and
covering the young sorug, opening to form a firm-
edged cup or opening by irregular rupture, or at-
tached on costular side of receptacle and of vary-
ing size, in some cases quite hidden by mature
sorus; receptacle erect, more or less club-shaped to
spherical; sporangia many, always short-stalked,
annulus almost vertical, completely bypassing the
stalk; paraphyses usually present as multicellular
hairs, sometimes flat and several cells wide at
base. Spores trilete, tetrahedral to globose, thin-
walled, smooth or papillose or irregularly ridged,
mostly 64, sometimes 16 per sporangium.

- C. amboinensis. Caudex 4-5 m tall. Petiole
longer than 50 cm, warty near base; lamina seg-
ments firm, strongly crenate; pinnae not greatly
reduced proximally, up to 50 cm long; largest
pinnules up to 85 mm x 16-18 mm, sessile, lobed
nearly to costa; veing in 10 pairs, costules 3.5-4
mim apart, all veins and veinlets bearing many
pale bullate scales. Sori near costules; indusium
a very small, dark scale on costular side of re-
ceptacle; paraphyses abundant, longer than the
sporangia.

- C. contaminans. Caudex 5-15 m tall and 10-15
em in diameter, upper part densely covered with
scales of the remaining petiole-bases (only in old
trees do leaf scars become visible), much thick-
ened by adventitious roots at base. Petiole up to

1 m long, stout, usually strongly spiny, glaucous,
purplish towards the scaly base; scales up to 4.5
em X 3 mm, very thin, pale brown, with dark se-
tae at margin; lamina 1-2 m x 1-1.5 m, green
above, glaucous-green beneath, 2-3-pinnate;
pinnae up to 80 cm x 30 ¢cm, pinnules about 2.5
em apart, lanceolate, up to 15 ¢m x 3 ¢m but usu-
ally smaller, deeply lobed almost to costa, seg-
ments oblique, faleate, up to 1.5 cm x 4.5 mm,
5-6 mm apart, crenate at margin. Sori globose,
near costules in a double row on the underside of
pinnules in older leaves, brown, lacking indusia;
paraphyses pale, not longer than the sporangia.
C. contaminans is easily recognized by the glau-
cous, purplish and thorny stipe bases.

C. junghuhniana. Caudex up te 5 m tall, diame-
ter 5-7 em, often branched, petiole bases persis-
tent. Peticle 30-50 cm long or longer, at base
with spines up to 3 mm long; scales up to 30 mm
x 2 mm, dark shiny; pneumathodes 5-14 mm
long in a close double or triple row; lamina
1.5-2.56 m x 1 m, 2-3-pinnate, underside grass-
green, never glaucous-green; longest pinnae
55-70 ¢m long; largest pinnules 80-115 mm X
14-21 mm, lobed almost to costa, margin of lobes
subentire to crenate: costules 3-4 mm apart,
veins in 10-12 pairs. Sori globose, at underside
of older leaves, in a double row near costules,
brown, with hemitelioid (attached at costular
side of receptacle), semicircular, often inconspie-
uous indusium and short paraphyses.

C. lurida. Caudex short. Petiole long, very dark,
rough near base after fall of scales; scales up to
10 mm x 1.5 mm, pneumathodes 6-9 mm long,
widely spaced; pinnae 50(-75) cm long; pinnules
dimorphous; largest sterile pinnules 7.5-11 em x
1.5-2.5 cm, lobed almost to costa, ultimate seg-
ments strongly crenate; costules 3.5-4.5 mm
apart, veins up to 10 pairs; fertile pinnules much
smaller, 6-9 em x 0.6-1.2(-1.7) cm, costules com-
monly 3 mm apart, on largest leaves occasional-
ly up to 6 mm, segments then separated by wide
sinuses. Sori almost completely covering the
lower surface of segments, without indusium,
paraphyses shorter than sporangia. C. lurida is
easily recognized by the dimorphous pinnules
with sori completely covering the abaxial sur-
face.

C. moluccana. Caudex up to 50 cm tall. Petiole
20-30 c¢m long, dark, scaly at base, finely warty
when scales have fallen; scales 15-30 mm x
0.5-3 mm, edges with dark setae; lamina simply
pinnate, 1.5 m long or longer; pinnae oblong,
12-28 em x 2-4 em, base asymmetric rounded
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acroscopically, cuneate basiscopically, stalked to
sessile and articulate to rachis, margin entire
except for crenate, acuminate apex; veins in
groups of 3 from the costa, further forking to
give a group of 3-6 veins at the edge. Sori in 1-3
rows on each side of the midrib, commonly 4-6
on each vein group, when young usually covered
by a thin translucent indusium, at maturity re-
leasing copious, creamy-white spores; paraphy-
ses shorter than the sporangia. C. moluccana is
easily recognized as a simply pinnate-leaved
species, forming only a short trunk.

Growth and development Cvathez ferns are
slow-growing plants and take many vears to reach
maximum height. Young leaves are produced reg-
ularly but overharvesting of young leaves for food
will affect growth. Unlike ordinary frees, tree
ferns cannot increase the thickness of their trunk
as they grow taller and so in time they outgrow
their strength. However, the trunk does increase
in effective thickness, especially near the base, as
a result of the growth of a dense entangled mass
of stiff black roots which completely cover the
original trunk, sometimes increasing its thickness
several times. Tree ferns usually have a solitary
growth habit but are commonly found in associa-
tion with numerous plants within a small area.
Sometimes they grow gregariously. For most
species, little is known about the age of individual
plants and the longevity of leaves. For young
plants of C. contaminans the following data from
West Java are available: average number of
leaves on a plant 6-10; average time between the
development of successive leaves 25-28 days; life
of a single leaf 165-200 days; time taken for a
complete renewal of the whole crown of leaves:
182-243 days; an old tree, 10 m tall, bore 12
leaves and the mean time between unfolding new
leaves was 21 days.

Other botanical information Cyathea is the
only genus of the family Cyvatheaceae. Little is
known about its affinity to other fern families; on-
ly Dicksoniaceae is regarded as closely related, In
the literature the Cyatheacene have often been
subdivided into several genera {(based on presence
or absence and structure of the indusium), e.g.
best known are Alsophila R. Br. (without indusi-
um), Hemitelia R. Br. (with a small indusium at-
tached on one side of the base of the sorus), and
Cyathea (with a cup-shaped indusium). The pres-
ence, however, of hybrids between those genera
and the constancy of the chromosome numbers
favours recognition of one genus only, the oldest
genus name heing Cyathea. Cyathea has been var-

iousty subdivided, but the 2 subgenera Cyathea
and Sphaeropteris seem to be most accepted,
mainly based on characters of the peticlar scales,
and each subgenus with 2 sections and a number
of subsections. The most useful feature for distin-
guishing species of Cyathea is the character of the
scales of the base of the petiole (edge smooth, edge
set with regular short oblique bristies or edge thin
with irregular teeth) and scales of the leaf (scales
strongly convex so as to appear inflated, or nearly
flat, with the edges variously bristly or toothed).
C. contaminans is the most widespread Cyathea
species in South-East Asia, it has often been sub-
divided but most variations are based on charac-
teristics that fluctuate with varying envirenmen-
ial factors. Upon wounding, the stem exudes a
bright yellow gum which later turns red-brown.
Many authors have tried to distinguish both C.
latebrose (Wall.) Copel. and C. junghuhniana in
West Java (Indonesia), but the former does not oc-
cur there. Fern specimens in herbaria or names in
books for ferns in West Java, identified as Hemi-
telia latebrosa (Wall.) Mett. or C. latebrosa (Wall.)
Copel. are wrong identifications for C. junghuhni-
ana. C. moluccana was described by R. Brown in
1810, but he forgot to add a name to the fern; in
1827 Desvaux copied the desecription of Brown and
provided the name.

The old trunks of Cyathea are the only habitats of
the rootless primitive fern ally Tmesipteris spp.

Ecology Cyathea species are concentrated in
the tropics where they are most numerous in mon-
tane to alpine vegetation, often in the under-
growth of moist forest, often in ravines. Some
species prefer more open habitats, even swamps,
and some grow preferentially in cleared areas,
sometimes gregariously. C. amboinensis is found
in forests at low elevations, including swamp for-
est. C. contaminans is common in rather open lo-
cations at 200-1600 m altitude, often abundant in
forest edges along roads; it needs sun on its crown
and moisture at its roots. C. junghuhniona oceurs,
sometimes abundantly, in mountain forest at
1000-2000 m altitude. C. luridae is common in
sheltered locations on high mountain ridges
where a peaty layer of forest litter occurs. C.
moluccana occurs in light shade and often near
streams in lowland forest and at moderate alti-
tudes up to 900 m.

Propagation and planting All Cyathea spe-
cies can be grown from spores, but many tree
ferns do not grow well at very low altitudes. Vege-
tative propagation by tissue culture should be
utilised to minimise the destruction of wild stocks.
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In Java, C. contaminans and C. junghuhniana of-
ten start growing as weeds in tea plantations.

Husbandry To grow Cyatheq, the soil should be
poor and wet and plants prefer initially a high rel-
ative humidity and partial shade, although the re-
quirements differ per species. Too much exposure
to sunlight will often result in burnt leaves. Wa-
terlogged conditions are detrimental for most
species.

Diseases and pests Cyathea growing in natur-
al stands is generally free from serious diseases
and pests. Caterpillars of various insects may con-
sume the young leaves when grown in gardens.
Mealy bugs may cause problems in plants kept in-
doors as they hide deep in the crown and the un-
furling croziers make it difficult to eliminate this
pest. They are spread by ants and seem to reap-
pear every year, usually in warmer weather.

Harvesting Young Cyathea leaves are harvest-
ed from mature ferns. Tree ferns harvested for the
trunk are tall frees at least 10 years old.

Genetic resources and breeding Although
Cyathea ferns are easily found in the wild at high-
er altitudes, many species are depleted, becoming
rare due to overexploitation for food, medicine, or-
namental collections and building material. Har-
vesting of tree trunks and piths is destructive as
the plants are solitary and slow growing. En-
demism is a common feature in Cyathea. Many
species are confined to their own mountain tops.
All Cyathea species are included in Appendix IT of
CITES, and several figure on the TUCN Red List.
Collection and conservation of all Cyathea species,
in situ and in germplasm collections, is urgent to
ensure that no species are lost forever.

Prospects Cyathea ferns are attractive for
growing in gardens and the stems are used to
make decorative and ornamental items. There are
good prospects for tree ferns in landscaping. Exist-
ing knowledge on propagation of tree ferns from
spores and by tissue culture should be promoted
to be used by commercial nurseries to alleviate
pressure on wild Cyathen populations.

Literature |1/ Backer, C.A. & Posthumus, O.,
1939. Varenflora voor Java [Fern flora for Javal. ’s
Lands Plantentuin, Buitenzorg, Dutch East In-
dies. pp. 23-30. 12| Holttum, R.E., 1963. Cyathea-
ceae. In: van Steenis, C.G.G.J. & Holttum, R.E.
(General Editors): Flora Malesiana, Series 2, Vol
1, part 2. Martinus Nijhoff/Dr W. Junk Publish-
ers, The Hague, The Netherlands. pp. 65-176. I3l
Holttum, R.E., 1966. A revised flora of Malaya.
2nd Edition. Vol. 2. Ferns of Malaya. Government
Printing Office, Singapore. pp. 115-128. |4| Ochse,

J.J. & Bakhuizen van den Brink, R.C., 1980. Veg-
etables of the Dutch East Indies. 3rd English Edi-
tion (translation of ‘Indische groenten’, 1931). A.
Asher & Co., Amsterdam, The Netherlands. pp.
212-215. 18| World Conservation Monitoring Cen-
tre, 1995. International trade in tree ferns - an
evaluation of the application of CITES; a status
report. 16 pp + annexes (31 pp.). 16/ Zamora, P.M.
& Co, L., 1986. Economic ferns, endemic ferns,
gymnosperms. In: Umali, R.M. et al. (Editors):
Guide to Philippine flora and fauna. Vol. 2. Natur-
al Resources Management Center, Ministry of
Natural Resources and University of the Philip-
pines, Quezon City, Philippines. pp. 27-28, 109-
119.

H.C.Ong

Cyclosorus heterocarpus (Blume)
Ching

Bull. Fan Mem, Inst. Biol,, Bot. 8(4): 180 (1938).

THELYPTERIDACEAE

2n =172

Synonyms Aspidium  heterocarpon Blume
(1828), Dryopteris heterocarpa (Blume) O. Kuntze
(1891), Thelypteris heterocarpa (Blume) Morton
(1959}, Sphaerostephanos heterocarpus (Blume)
Holttum (1974).

Origin and geographic distribution C. Aete-
rocarpus is found from southern China through-
out South-East Asia to northern Australia and
Polynesia.

Uses The leaf of C. heterocarpus is rubbed on
the skin for treatment of leucoderma in Malaysia.
C. heterocarpus is also used as an ornamental.

Production and international trade C. hete-
rocarpus is collected from the wild or locally
grown in gardens. No international trade exists
and it is not commercially cultivated.

Properties No information is available about
chemical compounds of C. heferocarpus. In other
thelypterioid ferns (e.g. in some other Cyclosorus
species) cytotoxic and antibacterial constituents
have been demonstrated.

Description A pinnate, hairy, terrestrial fern
with the pinnae suddenly reduced on the petiole.
Caudex erect, usually branched near the base;
scales narrow, up to 8 mm x 1.2 mm, dark brown,
hairy. Leaves tufted, pinnate-pinnatifid; petiole
50-80 em long until the basal real pinnae, bearing
auricles (reduced pinnae) down to little more than
5 cm from the base, shortly hirsute, scaly at the
base; auricles 6-10 pairs, the distal ones 1-2 cm
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Cvelosorus heterocarpus (Blume) Ching - 1, basal
part of leaf showing suddenly reduced pinnae; 2,
lower surface of fertile middle pinnae; 3, basal pin-
na; 4, lower surface of central lobes of a middle
pinna.

long, with a few lobes and a linear apical part, the
lower ones decreasing in size, with short aero-
phores; lamina oblong-lanceolate, 60-120 c¢cm X
20-40 cm, the basal pinnae suddenly dwarfed to
mere auricles, the apex acute, dark green to
yellowish-green, thinly papyraceous, pubescent
adaxially, the hairs appressed, 0.3-0.4 mm long,
sometimes with a few glands, copicusly glandular
abaxially with yellow glands and a few hairs;
rachis, costa and veins hairy throughout, with 1
mm long, antrorse pale hairs abaxially; pinnae
linear to linear-lanceolate, ascending, up to 10-20
em X 1.2-2.5 cm, the fertile ones sometimes nar-
rower, sessile with broadly cuneate to subtruncate
base, the apex caudate-acuminate, lobed to over
half-way to the costa, the apex-margin entire,
basal pinnae narrowed at their bases; ultimate di-
visions oblong, oblique, subfalcate, up to 4 mm
wide, rounded to obtuse; hasal veins anastomos-
ing in at least the basal part of the pinna, with ex-
current veins to the sinus, the second acroscopic

vein sometimes touching the membrane at the si-
nus. Sori round, medial, 6-9 on a side, dark; indu-
sia firm, persistent, brown at maturity, with a few
short hairs and glands; sporangia with glands
near the annulus. Spores monolete, spinulous,
black.

Other botanical information C. heferocarpus
has long been known as Sphaerostephanos hetero-
carpus. The Thelypteridaceae is a large family
with many related species which often are difficult
to tell apart, even for specialists, Holttum grouped
the Old World species into 25 genera (including
Sphaerostephanos J. Smith), which however are
often difficult to separate without a microscope.
Therefore, at present a more conservative classifi-
cation is maintained, distinguishing 5 genera in
which Sphaerostephanos is merged as a subgenus
{176 species) into the large genus Cyclosorus Link
(comprising 20 subgenera with in total more than
1000 species). It may be assumed that many uses
are not limited to a single species. C. heterocarpus
is a very variable species in which numerous vari-
eties and forms have been distinguished that are
often not sharply distinct.

Ecology C. heterocarpus grows in shady loca-
tions in the lowlands and up to 1500 m altitude in
the mountains, usually near streams or trails and
at the fringe of the forest. In the mountains it
tends to grow larger.

Propagation and planting C. heterocarpus
can be propagated by spores. Propagation by sepa-
rating branched rhizomes seems possible as well
but is not really known.

Husbandry If planted, C. heterocarpus needs
shade, humus and a well-drained soil.

Genetic resources and breeding C. heiero-
carpus is quite common in a large area and it does
not seem to be in danger of genetic ercsion. No
germplasm collections or hreeding programmes
are known to exist.

Prospects Too little is known of C. heterocarpus
to predict its future. Since some useful compounds
have already been found in varicus members of
the Thelypteridaceae, further investigation could
be revealing.

Literature |1] Bidin, A., 1989. Tinjauan flora
dan sitotaksonomi paku pakis di Semenanjung
Malaysia [A review an the flora and cytotaxonomy
of ferns of Peninsular Malaysia]. Penyelidikan Se-
masa Sains Hayat 4: 47-58. 12| Helttum, R.E.,
1966. A revised flora of Malaya. 2nd Edition. Vol.
2. Ferns of Malava. Government Printing Office,
Singapore. pp. 262-271. I3 Holttum, R.E., 1981.
Thelypteridaceae. Flora Malesiana, Series 2.
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Pteridophyta (Ferns & fern allies). Vol. 1, part 5.
M. Nijhoff / W. Junk Publishers, The Hague, The
Netherlands. pp. 457-458. |4 Smith, A.R., 1990.
Thelypteridaceae. In; Kramer, K.U. & Green, P.S.
(Volume editors): Pteridophytes and gymno-
sperms. In: Kubitzki, K. (Series editor): The fami-
lies and genera of vascular plants. Vol 1.
Springer-Verlag, Berlin, Germany. pp. 267-272.
|6l Tagawa, M. & Iwatsuki, K. (Volume editors),
1979-1989. Pteridophytes. In: Smitinand, T.,
Larsen, K. (Series editors): Flora of Thailand. Vol.
3. Forest Herbarium, Royal Forest Department,
Bangkok, Thailand. pp. 416-417.

Dedy Darnaedi & W.P. de Winter

Davallia J.E. Smith

Mém. Acad. Sci. Turin 5: 414 (1793),
DAVALLIACEAE

x =40, D. denticulata, D. solida: 2n = 80
Major species and synonyms

~ Davallia denticulate (Burm.f.) Mett. ex Kuhn,
Filic. decken.: 27 (1867), synonyms: Adiantum
denticulatum Burm.f. (1768), D. elegans Swartz
(1801), Trichomanes chaerophylloides Poir.
(1808).

— Davallia falcinella C. Presl, Reliq. haenk. 1: 66,
t.11, f. 2 {1825), synonyms: Leocostegia falcinella
(C. Presl) J. Smith (1842), Humata falcinelia (C.
Presl) Copel. (1905), Trogosiolon felcinellus (C,
Presl) Copel. (1927).

- Davallia parvula Wall. ex Hook. & Grev., Icon.
filic. t. 138 (1829), synonvms: Humate parvula
(Wall. ex Hook. & Grev.) Mett. (1856), Leucoste-
gia parvule (Wall. ex Hock. & Grev.) Bedd.
(1883).

- Davallia solida (G. Forst.) Swartz, Journ. Bot.
{Schrader) 1800:; 87 (1801), synonyms: D. pyxi-
data Cav. (1802), D. fejeensis Hook. (1845), D.
robinsanii Copel. (1926).

- Davallia trichomanoides Blume, Enum. pl.
Javae: 238 (1828), synonyms: D). bullata Wall. ex
Hook. (1845), D. {orrainit Hance (1866), D. bar-
bata Alderw. (1911).

Vernacular names General: foot ferns, ball
ferns, basket ferns (En).

- D. denticulata: Toothed davallia (Am). Indone-
sia: paku tertutup (Malay), pulak, pullaka
{Alor). Malaysia: paku tertutup. Thailand: naak-
kharaat (central, peninsular). Vietnam: rlaw]lng
d[af] hoa c[os] rlaw]Ing.

— D, parvula: Malaysia: paku lumut batu.

- D. solida: Polynesian foot fern, rabbit’s foot fern

{En). Indonesia: paku kalici, Thailand: phaya
nakkharat (northern), wan nakkharat (central),
neraphusi (north-eastern).

—D. trichomanoides: Japanese ball fern, squirrel’s
foot fern (En).

Origin and geographic distribution Daval-
lia is widely distributed in the Old World tropics,
with its greatest diversity in Malesia where 23
species (9 endemics) oceur, Only D). conariensis
(L.} J. Smith is native to South-West Eurcpe. D.
denticulata is distributed from tropical and south-
ern Africa, Madagascar, Indian Ocean islands
(Comores, Seychelles, Christmas Islands), Sri
Lanka, India, Thailand, Burma (Myanmar), Chi-
na (Hainan), Indo-China, throughout Malesia,
Australia (Queensland) to the islands in the Pacif-
ic. D. falcinella occurs in the Philippines and the
Marquesas Islands. D. parvule occurs in Papua
New Guinea, Borneo, East Sumatra and Singa-
pore. D, solida is distributed from India, through-
out South-East Asia to Australia and the Pacific.
D. trichomanoides is widely distributed from In-
dia, China and Japan throughout South-East
Asia.

Uses Most Davallic species are epiphytes and
several are grown for their creeping surface rhi-
zomes, densely covered with red-brown scales and
sometimes hairs, overall resembling various ani-
mal feet. They are often attractive indoor orna-
mental plants, grown in pets or in hanging bas-
kets. The leaves are used fresh or dried in floral
arrangements. The term ball ferns originates from
Japan, where the flexible rhizomes of D. #ri-
chomanoides are tied into balls and other figures;
when these figures are hung and watered, new
leaves will subsequently appear on the surfaces,
and they become self-contained hanging baskets.
The leaf and rhizome of D. solida are popular in-
gredients in mixed medicines of Polynesian local
healers.

Production and international trade Several
Daveallia species, particularly those mentioned
here, are popular ornamentals worldwide, but no
local or international statistics on trade or produc-
tion are available. Fresh and dried leaves are of-
fered for sale at local florists for use in floral
arrangements.

Properties The presence of vicianin, a cya-
nogenic glycoside, has heen found in several Da-
vallin species (e.g. D. denticulata, D. trichoma-
noides). Usually, cyanogenesis (production of the
dangerous hydrocyanic acid) only occurs after
maceration of the plant tissue. In D. frichoma-
noides available eyanogenic disaccharides are de-
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graded by the also available B-glycosidase into hy-
droxynitriles and the corresponding disaccha-
rides. The hydroxynitriles may decompose either
spontaneously or enzymically (hydroxynitrile lya-
se) to produce hydrogen cyanide and an aldehyde
or ketone. From the rhizomes of D. mariesii T.
Moore ex Baker (distributed in Taiwan, Korea,
Japan}, the following compounds were isolated:
davallin (a tetramerie proanthocyanidin), pro-
cyanidin B-5, epicatechin-(4 [(-8)-epicatechin-(4
p-6)-epicatechin, and epicatechin-{4 f-6)-epicate-
chin-(4 -8)-epicatechin-(4 B-6)-epicatechin, which
showed an inhibitory effect toward protein kinase
C; also a y-lactone derivative named davallialac-
tone and the 7-O-f-D-glucuronide of (+/-)-eriodic-
tyol along with caffeic acid, 4-p-D-glucopyranosyl-
caffeic acid and 4-O-p-D-glucopyranosyl-p-cou-
marie acid.

Description Small to rather large epiphytic or
epilithic ferns with creeping rhizomes, roots re-
stricted to the ventral side of lateral buds. Rhi-
zomes fleshy, usually long and somewhat flat-
tened, densely covered with scales; scales peltate

Davallia trichomanoides Blume — 1, part of rhi-
zome; 2, fertile leaf: 3, fertile segment showing in-
dusia.

or basifixed with cordate base and overlapping
lobes, variously shaped. Leaves alternate, arrang-
ed in 2 rows; petiole usually well-developed, artic-
ulated to the rhizome, sulcate adaxially; lamina
triangular-oblong, pentagonal or lanceolate in out-
line, usually firm in texture, simple, trifoliate or
2-5-pinnately compound with the pinnae further
pinnatifid, usually with glandular hairs when
young; veins distinet; ‘false veins’ (bands of regu-
larly arranged short cells without stomata) some-
times present hetween the veins. Fertile leaves of-
ten with leaflets or segments narrower than the
sterile ones; sori commonly borne separately on
small oblique lobes, terminal on the veins, close to
the margin; indusia attached by their base and
sides, only the upper edge free, forming a cup-
shaped structure. Spores bilateral, monolete, el-
lipsoid, 2560 pm long, light brown and translu-
cent, densely subverrucate-areolate.

— D. denticulata. Rhizome without scales 3-15 mm
in diameter; scales peltate, 4-8 mm x 0.5-1.5
mm, narrowing evenly towards the apex or nar-
rowing abruptly from a broad base, toothed, red-
brown to black. Petiole 4-50 cm long, green or
more or less dark brown, with two pale green
longitudinal lines near the adaxial surface,
glabrous or with few deciduous scales at the
base; lamina broadly triangular in outline,
(16-)30-60(-90) cm x 13-50 cm, bipinnate to
quadripinnate, leathery, shiny; petiolules 4-35
mm long; pinnae broadly deltoid, largest ones
8-45 cm x 5-30 cm, often tapering into a long
point; largest pinnules triangular, 0.7-20 cm x
0.4-11 em; ultimate segments linear or narrowly
ovate, 5-27 mm x 2-6 mm, with very oblique,
rounded, shallow or deep lobes, the fertile lobes
with somewhat narrower segments than those of
the sterile ones; veing free, mostly forked, raised
on the lower surface, with false veins bhetween
the outer branches, reaching almost to the vein
junctions. Sori separate, several borne on a seg-
ment at the forking point of veins; indusium
pouch-shaped, truncate to slightly rounded,
1-1.3 mm x 0.5-1 mm, extending to lamina mar-
gin or not; lamina usually extending into a
small, incurved tooth at one or both sides of a
sorus. Spores shallowly verrucate with a short
aperture,

- D. falcinella. Rhizome without scales up to 3
mm in diameter; scales peltate, acicular, 6-10
mm X 2 mm, nearly black, at distal part with
marginal setae. Petiole 4-9 ¢m long, dark brown;
lamina deltoid, 7-14 em x 6-14 ¢m, 3-4-pinnate;
petiolules 1-7 mm long, pinnae linear-triangu-
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lar, 4-7 em x 2-7 cm; pinnules linear-oblong,
15-25 mm x 7-12 mm; ultimate segments with-
out a tooth, 1-2 mm long and wide {in sterile
leaves up to 4 mm long); veins in sterile ultimate
lobes frequently simple, not reaching the mar-
gin, false veins absent. Sori separate, often sin-
gle on a segment, at the forking point of veins;
indusium attached at base and only part of the
sides, semicircular, about 1 mm in diameter;
lamina not extending into teeth beyond a sorus.
Spores irregularly verrucate.

- D. parvula. Rhizome without scales 0.5-1.2 mm
in diameter, white waxy; scales peltate, nar-
rowed evenly towards the apex, 2.5-6 mm x
0.3-0.6 mm, red-brown, in distal part with mar-
ginal setae. Petiole (0.1-)1-5 c¢cm long; lamina
deltoid, 0.6-4 cm x 0.5-3.5 c¢m, entirely divided
into fine linear segments without obvious rachis;
longest petiolules 1-2 mm long; ultimate seg-
ments 0.5-4 mm x 0.2-0.4 mm, obtuse or acute
without a tooth with simple veins reaching the
margin, false veins absent. Sori separate, often
single on a segment at the forking point of veins;
indusium only attached at the base, semicircu-
lar to subtriangular, 0.3-0.8 mm in diameter,
upper margin not elongated; lamina usually ex-
tending beyond it at either side for 1-1.5 mam in-
to two unequal arms.

- D. solida. Rhizome without scales 4-14 mm in
diameter; scales peltate, narrowing evenly to-
wards the apex, 5-10 mm x 1-1.2 mm, red-
brown tc black, when young bearing woolly,
multiseptate hairs but when old covered with
appressed bases of scales only, the distal parts of
scales being deciduous. Leaves dimorphic; peti-
ole 9-35 cm long, distinctly grooved adaxially;
lamina broadly deltoid, 15-90 cm x 21-40 em,
2-3-pinnately compound; petiolules 5-25 mm
long; longest pinnae deltoid, 11-28 cm x 6-15
cm; longest pinnules triangular, 4-10 em x 1.5-8
cm; ultimate segments 10—40 mm x 3-17 mm,
usually lobed, with pinnate veins, false veins ab-
sent, Sori separate, several borne on a segment
at the forking point of veins; indusium also at-
tached along the sides, 1.2-2 mm x 0.5-1 mm,
upper margin not elongated; lamina not extend-
ing into teeth beyond a sorus. Spores prominent-
ly verrucate.

- D. trichomanoides. Rhizome without the scales
3-8 mm in diameter; scales peltate, nearly acic-
ular above a broad base, 4-8 mm x 1-1.5 mm,
brown to red-brown, toothed or with marginal
setae in distal part. Petiole 4-20 cm long; lamina
deltoid, 10-35 cm x 9-25 em; petiolules 1-6 mm

long; pinnae 5-19 em x 3-12 em, pinnules 2-7

em x 1-3 em, ultimate segments 5-27 mm x 2-6

mrm; veins in ultimate lobes simple or forked but

not reaching the margin; false veins are usually
present; indusium also attached along the sides,

1.2-2 mm x 0.5-1 mm, upper margin not elon-

gated; lamina usually extending into a toeth at

either side of a sorus, teeth equal in size. Spores
verrucate, aperture nearly equal to their length,

Growth and development The leaves of Da-
vallic are articulated to the rhizome and are de-
ciduous when old. They do not usually fall off at a
definite season, but in I}. denticulate and D. soli-
da all leaves on a plant drop together, and this is
followed rapidly by the growth of new leaves. In
strongly seasonal climates the leaves fall as soon
as the dry season is well established, and the
plants rest in a leafless condition until the next
rainy season. In non-seasonal climates plants are
never bare of leaves for long. The deciduous habit
is of great value for adaptation to seasonal climat-
ic conditions. Environmental conditions such as
relative humidity, light intensity, soil moisture
content, soil nutrients affect the pepulation densi-
ty of the fern and the size of leaves. In the rainy
season the number of leaves increases. Ferns
growing under shade produce bigger leaves but
fewer in number compared with those exposed to
sunlight. Fertile leaves may occur the whole year
round.

Other botanical information Deovallic com-
priges 35-90 species, depending on the delimita-
tion of the genus and its species. The smaller
species with the indusium not attached to the
sides, but only to the base, have often been sepa-
rated into the genus Humata Cav.

The false veins in ). denticulata indicate that the
present leaflets originated during evolution by
joining of initially highly dissected segments. The
false veins correspond to the lines along which the
initial segments were joined. The inner tissue be-
low the false veins has no air-spaces which makes
it more translucent. Most other Davallia species
have lost such characteristics.

Sometimes 2 varieties are distinguished in D. den-
ticulota: var. denticulate and var. elota (G. Forst,)
Kuhn. In var. denficulata, the indusium is at-
tached at the base but also along the sides and the
upper margin not elongated; in var. elata, the in-
dusium is attached at the base and only at some
parts of the sides, and the upper margin is elon-
gated.

D). parvula is closely related to D. repens (L.f)
Kuhn, with which it possibly also hybridises. D.
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repens is a very variable species, distributed al-
most as widely as the genus, possibly hybridising
with several related species; it occurs in purer
form at lower altitudes and in areas where no re-
lated species are found. In general the lamina of
D. parvula is more completely divided and into
finer linear segments, without a clear rachis, than
the lamina of I2. repens.

D. solida is a very variable species which in a
broad species concept is subdivided into 3 vari-
eties: var. solida (distribution similar to the genus
in Asia), var. pyxidata (Cav.) Noot. (occurring only
in Australia: Queensland and New South Wales)
and var. fejeensis (Hook.) Noot. (occurring in Fiji
and the Austral Islands). In a narrow concept the
varieties are considered as separate species. The
major differences between the varieties are the
size and the rate of division of the lamina: the ulti-
mate segments of var. solida are 10-40 mm x 3-17
mm, of var. pyxidata 520 mm x 3-8 mm, of var.
fejeensis 3-5 mm x 0.2-1 mm, Var. fejeensis in par-
ticular has many cultivars (e.g. ‘Dwarf Ripple’,
‘False Plumosa’, Plumosa’).

In D. trichomanoides plants with nearly black
scales on the rhizome and with highly contrasting
white setae have been classified as var. lorrainii
(Hance) Holttum.

Ecology Davallia species are perfectly adapted
to epiphytic conditions and most of them ecan
stand more exposure than most other epiphytes,
which explains the wide distribution of the genus.
Several species can withstand short periods of
mild frost (e.g. D. canariensis (L.) J. Smith, D. tri-
chomanoides), but in general optimum tempera-
tures for growth lie between 30-35°C. Although
commonly found growing on the ground in Aus-
tralia, D. denticulata is an epiphytic fern found on
trunks of many different tree species and often
growing together with other ferns such as Aspleni-
um nidus L. or Platycerium bifurcatum (Cav.) C.
Chr. It alse can be epilithic on granite, limestone
or sandstone, or terrestrial on different soils, in
forests and in exposed locations, from sea-level to
2200 m altitude. D. denticulata is one of the com-
monest epiphytic ferns in South-East Asia, partic-
ularly on trees near the sea. D. fulcinella is epi-
phytic, D). parvula epiphytic or epilithic, both
species growing from sea-level up to 800 m alti-
tude. D. solida is epiphytic or epilithic. It grows on
different kinds of rock, or terrestrial on different
soils, as well as in exposed locations as in deep
shade, from open rocky places and savannas to
primary rain forest, up to 1500 m altitude. D. ¢ri-
chomanoides occurs epiphytically on mossy

branches and tree bases and epilithically on dif-
ferent kinds of rock, mostly in wet locations, but
sometimes in dry exposed conditions, at altitudes
of 100-3500 m.

Propagation and planting Although spores
germinate eagily, Davallic is usually propagated
by rhizome parts. In the wild the rhizomes grow
uncovered, so care must be taken when planting
not to bury them (especially the growing tips)
completely in the planting medium. Uncut sphag-
num or a very loose well-drained polting mix is a
suitable medium for planting. Propagation by tis-
sue culture using growing points of the rhizomes
has also been successful.

Husbandry Most Davallic species are easy to
cultivate. Since they are epiphytes they require
good drainage whereas their roots need adequate
moisture. If conditions are too wet rhizomes turn
dark and seft. Rhizomes that shrink or shrivel due
to lack of water are very slow to recover. Decidu-
ous species should be kept moist during dormancy
but not overwatered. Bright indirect light pro-
duces finer growth than medium or low indirect
light. Regular application of fertiliser during the
growing period is beneficial. To keep plants more
compact and to encourage lateral branches to
sprout, rhizome tips that are over 5 cm long can be
cut off.

Genetic resources and breeding Neither
germplasm collections nor breeding programmes
are known to exist for Davallia.

Prospects Since several Dauvallic species are
attractive and decorative indoor or outdoor orna-
mental ferns, further research on domestication
and the most suitable cultivation requirements
are worth considering.

Literature 1] Cui, C.B., Tezuka, Y., Kikuchi,
T., Nakana, H., Tamaoki, T. & Park, J.H., 1990.
Constituents of a fern, Davallia mariesii Moore.1.
Isolation and structures of davallialactone and a
new flavanone glucuronide. Chemical and Phar-
maceutical Bulletin (Tokyo) 38(12): 3218-3225. 12|
Cui, C.B., Tezuka, Y., Kikuchi, T., Nakano, H.,
Tamaocki, T. & Park, J.H., 1991. Davallin, a new
tetrameric proanthocyanidin from the rhizomes of
Davallia mariesii Moore. Chemical and Pharma-
ceutical Bulletin (Tokyo} 39(8); 2179-2181. 13| Cui,
C.B., Tezuka, Y., Kikuchi, T., Nakano, H., Tamao-
ki, T. & Park, J.H., 1992, Constituents of a fern,
Davallia mariesii Moore. 2. Chemical and Phar-
maceutical Bulletin (Tolkyo) 40{4): 889-898. [4|
Holttum, R.E., 1966. A revised flora of Malaya.
2nd Edition. Vol. 2. Ferns of Malaya. Government
Printing Office, Singapore. pp. 354-363. |5
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In: Kalkman, C. & Nooteboom, H.O. (Editors):
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nand, T., Larsen, K. (Series editors): Flora of
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Titien Ngatinem Praptosuwiryo & P.C.M. Jansen

Dicranopteris linearis (Burm.tf.)
Underw.

Bull. Torrey Bot. Club 34: 250 (1907).

(GLEICHENIACEAE

2n = 78 (diploid), 117 (triploid), 156 {tetraploid)

Synonyms Dicranopteris dichotoma (Thunb. ex
Murray) Bernh. (1806), Gleichenia hermannii R.
Br. (1810), G. linearts (Burm.f.) Clarke (1880).

Vernacular names Scrambling fern, false
staghorn (En). Indonesia: resam (Indonesian), ha-
gam (Lampung), paku andam (Sundanese). Ma-
laysia: resam, bengakawang (Malay}, ming ch’i
{Chinese). Philippines: kilob, tilub {Tagalog), ga-
pingoi (Bontok}. Thailand: kiku kachoei {north-
ern), kut pit (northern), kut taem (peninsu-
lar).Vietnam: tlees], guloojlt, rlasng tlaaly slowln
ngay.

Origin and geographic distribution D. line-
eris iz an Old World tropical and subtropical
species, occurring from Africa to Taiwan and
throughout South-East Asia to Australia, New
Zealand and Polynesia (as far as Hawaii). In
South-East Asia it is one of the most common
ferns,

Uses Although D. linearis is sometimes consid-
ered a weed, its pliant fibrous leaf stems (peticle
and leaf axis) are widely used in Asia for various
purposes. The lignified peripheral fibres of the
stem are used for plaiting. The whalebone-like
pith that comes loose from the peripheral fibres is
brittle near the base but flexible and resilient at
the top and is used for pretty and elegant plaiting.

Fishing-stakes, baskets and sometimes ropes
have been made from the stems. They are quite
resistant to salt water and thevefore the fern is
widely used in the construction of fish-traps
where the stems last for about two years. D. line-
aris is sometimes planted to prevent soil erosion.
The stems have also been used to make seats of
chairs and stools, mats, pouches, hats, cigar cases,
caps and to form woven partition-walls for houses.
The caps ("songko’), used in northern Peninsular
Malaysia and peninsular Thailand, are durable
enough to last several generations. In Malaysia
they are sometimes coated with wood-tar to make
them more durable. In Papua New Guinea arm
bands and belts are made from the stems and the
plants are used for casual adornment. The very
firm stems can be sharpened to a resistant point.
In Malaysia they were shaped into pens (‘kalam’)
used for Arabic calligraphy. The oldest and
strongest stems make the best pens and they have
also been used to make knives. In Indonesian
nursery gardens entire leaves are put upright in
the ground to shade young crop plants. By the
time the young plants can stand exposure to direct
sunlight, the fern leaves have wilted and shed
their foliage. D. linearis also has several tradition-
al medicinal uses. Crushed leaves are applied as a
poultice or drunk as an infusion to combat fever.
Apparently, high doses are harmful and decoc-
tions are applied externally as a cooling lotion
rather than drunk, unless they are prepared from
yvoung leaves or in a low dose in combination with
other ingredients. The fern has also been used to
cure chest compiaints such as asthma and cough,
and to cure bruises, burns and sprains. In Indo-
China D. linearis is considered anthelmintic. In
northern Thailand, decoctions are drunk against
insomnia and used to bathe children with had
skin rash and people with a broken leg. Together
with Shorea leaves the leaves are used to treat
itching caused by stinging hairs of Urticaceae. In
Papua New Guinea the leaves are plastered on
wounds, In Hawalii the plant is soaked in water
and the extract is drunk to cure constipation.
Production and international trade At the
beginning of the 20th Century, Peninsular Ma-
laysia exported vigorous stems of D. linearis on a
small scale to India. Production and trade is main-
ly local and is dying out as the ready-for-use fibres
for matting and weaving are very expensive.
Properties The leaves of 1. linearis contain
tannins (3.8%), essential gils (0.03%) and sapo-
nins. They alsc contain clerodane glycosides.
Flavonoids are limited to flavonol 3-O-glycosides,



94 CrRVPTOGAMS: FERNS AND FERN ALLIES

such as afzelin, quercitrin, isoquercitrin, astra-
garin, rutin and kaempferol. The 13 varieties of D.
linearis differ in chemical constituents, each vari-
ety containing at least one different flavonol or
flavone.
D. linearis plants concentrate relatively high lev-
els of rare earth elements, especially in the roots
{(Eu, Gd, Ho, Pr, Sm, Y) and the leaves (Ce, Dy,
La, Nd, Th). The lanthanum replaces the magne-
sium position in chlorophyll and coordinates with
the porphyrin ring. The lanthanum has been ob-
gerved to have a similar coordination structure to
a sandwich-type lanthanide complex {‘double
decker sandwich structured La-substituted chlo-
rophyll a7), with the La surrounded by eight nitro-
gen atoms from two porphyrin rings with an aver-
age La-N bond length of 2.65 Angstrom.
Tests in the Philippines revealed that water ex-
tracts of I). linearis showed positive antimicrobial
activity against Micrococcus luteus and Esche-
richia coli.

Description A terrestrial thicket fern, up to 3
m tall, with dichotomously divided leaves. Rhi-
zome several m long, up to 5 mm in diameter,
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Dicranopteris linearis (Burm.f.) Underw. - 1,
habit; 2, some fertile pinnules; 3, sorus.

creeping, brown, bearing septate, branched hairs.
Leaves 2-3-furcate, with only the ultimate
branches bearing pinnae, in addition to a pair of
stipule-like pinnae (accessory branches) at the ba-
sis of each bifurcation, spaced 6-20 cm apart on
rhizome; petiole erect, stout, 16-100 ¢m or longer,
lustrous brownish te purpuraceous, glabrous; lam-
ina of complex three-dimensional shape, 60-200
cm long, bearing hairs, especially near bases of
the midribs and minute, obleng-obtuse brown
glands along the veins; rachis sometimes very
long, at the bifurcations with a dormant bud, with
brown, branched hairs, glabrescent; pinnae nar-
rowly lanceolate, deeply pinnatifid, asymmetrical
at base, more reduced towards the acute to acumi-
nate apex; ultimate segments linear, 18-40(-70)
mm x 3-5 mm, confluent at the broadened base,
apex obtuse or emarginate, glabrous. Sori superfi-
cial, in a median row on each side of the midrib,
subcircular, 1 mm in diameter; sporangia without
indusia. Spores trilete, tetrahedral with prolonged
angles, somewhat wrinkled.

Growth and development Spore germination
of D. linearis is by a thread-like body with trans-
verse divisions. The gametophyte is long-lived,
subcordate to ribbon-like, with a thick central
strand. The archegonia are long-necked and curve
forward, the antheridia many-celled and scattered
over the lower surface. Two-celled hairs are fire-
quent. The prothalli grow in enormous numbers in
slightly sheltered places on bare earth hanks and
other exposed positions where other prothalli
would not survive. After fertilization the sporo-
phyte starts growing, reaching 2-3 m in height.
The leaves of D. linearis eventually grow so long
that they cannot support themselves in an erect
position and so they form a tangled thicket which
is extremely difficult to cut through.

Other botanical information Gleicheniaceae
is an old, rather isolated family, perhaps dating
back to the Carboniferous, comprising 5 genera.
Dicranopteris Bernhardi comprises about 12
species, most strongly represented in South-East
Asia with 5 species, I}, linearis is a very variable
species and many varieties have been deseribed.
In South-East Asia 13 varieties are distinguished,
mainly based on the mode of branching (e.g. equal
or unequal branches, angle of branching), the
presence or absence of stipule-like pinnae, hairi-
ness and number of veins. Seme of them are more
distinet than others and should perhaps be consid-
ered as species. The existence of a triploid hybrid
indicates that it is probably impossible to refer
every plant to a clearly defined variety. [t is ques-
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tioned whether D. linearts is conspecific with the
neotropical D. flexuosa (Schrad.) Underw. D. cur-
ranti Copel., occurring in Thailand, Malaysia, In-
donesia (Sumatra, Kalimantan, Java, Flores, Su-
lawesi) and the Philippines (ultimate branches
are commonly 40 cm % 9-12 cm) is in general
somewhat larger than ). linearis but is similarly
used. It was described formerly as one of the vari-
eties of D. linearis and for purposes of matting it
is even considered better.
Gleichenia flabellata R. Br. (shiny fan fern, um-
brella fern), occurring in New Guinea, Australia,
New Caledonia and New Zealand, has a similar
positive effect as Dicranopieris on soil erosion pre-
vention and is sometimes planted for that purpose.
Ecology D. linearis forms dense thickets over
large, dry, sunny areas with poor soils, from sea-
level up to 2800 m altitude. The indeterminate
growth form, the shallow rhizomes, the leaves
with low decomposability and its mat-forming ca-
pacity enables it to colonize sites and to maintain
dominance, After clearing of steep hillsides, it
soon covers the open site, preventing landslides
during torrential downpours. It is, however, less
resistant to cutting and fire than Pteridium which
penetrates much deeper into the soil. Dicra-
nopteris stands offer a suitable microhabitat for
the germination of tree seed, but they also out-
compete saplings. Its rapid spread makes D). line-
aris a noxious weed in plantations. It can be com-
batted biologically by some insects, manually by
repeatedly removing the rhizomes and chemically
by spraying for example paraquat (600 g/ha). Al-
though warm conditions are preferred, it survives
in cooler climates but is sensitive to frost. It is
highly efficient in extracting P from the soil which
enables it to colonize sites poor in P. In Hawaiian
gites it contributed up to 74% of the aboveground
net primary production where it constituted only
14% of the live biomass. Where it contained only
24% and 30% of plant N and P, it accounted for up
to 57% and 47% of total N and P uptake, respec-
tively. Its leaves are short-lived but slow to de-
compose, even under high temperature and rain-
fall conditions. More than 50% of the original
leaves and more than 77% of the stem mass may
gtill remain after more than two years. The slow
decomposition is related to the lamina which re-
mains unabscised on top of the petiole and the
high lignin-nitrogen ratio (56-129). As a result it
is a major contributor to soil detrital pools; fixed
carbon is quickly transferred to the soil where it
contributes to the organic matter and makes con-
ditions more oligotrophic.

Propagation and planting 1. linearis is quite
difficult to raise from spores, although this has
not been tried frequently. It is difficult to know
when sporangia are fully mature and ready for
collection. However, propagation by planting rhi-
zome pieces in poor soils exposed to full sun is
easy and effective. D. linearis is easily killed in
fertile soils with excessive mineral supply and for
this reason it is seldom found in botanical gardens
or otherwise cultivated.

Handling after harvest Harvested stems of D.
linearis are longitudinally cut into four pieces and
soaked in water for 7 days and then rubbed with
coconut oil to obtain a black colour. The pith fibres
are easily separated by bruising the stem or by
cutting them longitudinally. After soaking for two
days the fibres turn a light brown colour. The
plaiting must be done when the fibres are still wet
because when dry they are too brittle. For fish-
traps the hardest stems are selected, joined in
bundles and carefully dried in the sun for a week
until the colour of the stems changes into an even,
shining dark brown.

Genetic resources and breeding D. linearis
is widely distributed and does not seem to be in
danger of extinction. No germplasm collections or
breeding programmes are known to exist. The ge-
netic variability may be less than suggested by its
abundance as many populations consist of few
genotypes covering substantial areas. Since the
chemical composition is dependent on the variety,
loss of variability could pose a risk of losing prop-
erties, but none of the Southeast-Asian varieties
are confined to a limited area.

Prospects Due to more easily available alterna-
tive fibre material, the use of D. linearis is declin-
ing. Posgibly, more attention is now paid to its
eradication as a troublesome weed than to its use-
ful preperties. Locally it will remain of importance
as a fibre source but no new developments are
foreseen. The medicinal uses deserve further in-
vestigation.

Literature |1/ Anderson, E.F,, 1986. Ethnob-
otany of hill tribes of northern Thailand. 1. Medie-
inal plants of Akha; 2. Lahu medicinal plants.
Economic Botany 40: 38-53, 442-450. 12| Bottari,
F., Marsili, A., Morelli, I., Pacchiani, M. & Ulivi,
R., 1971. Constituents of Dicranopteris linearis
{(N.L. Burm.) Underw. var. linearis. Annali di
Chimieca 61{12): 814-821. [3] Holttum, R.E., 1959.
Gleicheniaceae. In: van Steenis, C.G.G.J. & Holt-
tum, R.E. {Editors): Flora Malesiana, Series 2,
Pteridophyta (Ferns & fern allies). Vol. 1, part 1.
Martinus Nijhoff / Dr W. Junk Publishers, The
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Hague, The Netherlands. pp. 33-36. |41 Holttum,
R.E., 1966. A revised flora of Malaya. 2nd Edition.
Vol. 2. Ferns of Malaya. Government Printing Of-
fice, Singapore. pp. 68-70. |5/ Kramer, K.1I., 1990,
Gleicheniaceae. In: Kramer, K.U. & Green, P.S.
(Volume editors): Pteridophytes and gymno-
sperms. In: Kubitzki, K. {Series editor): The fami-
lies and genera of vascular plants. Vol. 1.
Springer-Verlag, Berlin, Germany. pp. 145-152.
|8 Raja, D.P., Manickam, V.S., de Britto, A.J., Go-
palakrishnan, 3., Ushioda, T., Satoh, M., Tanimu-
ra, A, & Fuchino, H., 1995. Chemical and chemo-
taxonomical studies on Dicranopteris species.
Chemical and Pharmaceutical Bulletin (Tokyo)
43:1800-1803. 17| Russell, A.E,, Raich, J.W. & Vi-
tousek, P.M., 1998. The ecology of the climbing
fern Dicranopteris linearis on windward Mauna
Loa, Hawaii. Journal of Ecology Oxford 86:
765-779. 18| Tagawa, M. & Iwatsuki, K. (Volume
editorg), 1979-1989. Pteridophytes. In: Smiti-
nand, T., Larsen, K. (Series editors): Flora of
Thailand. Vol. 3. Forest Herbarium, Royal Forest
Department, Bangkok, Thailand. pp. 55-56. |9
Umi Kalsom Yusuf, 1995. The taxonomic signifi-
cance of leaf flavonoids in west Malaysian Dicra-
nopteris taxa (Gleicheniaceae). Blumea 40: 211-
215. 110l Zamora, P.M. & Co, L., 1986. Guide to
Philippine flora and fauna. Vol. 2. Economic ferns,
endemic ferns, gymnosperms. Natural Resources
Management Center, Ministry of Natural Re-
sources and University of the Philippines, Good-
will Baokstare, Manila, The Philippines. p. 25.
Titien Ngatinem Praptosuwiryo

Diplazium Swartz

dJ. Bot. (Schrad.) 1800 (2): 4, 61 (1801).
DRYOPTERIDACEAE

x =41, occasionally 40; polyploidy is frequent
Major species and synonyms

- Diplazium esculentum (Retz.) Swartz, J. Bot.
(Schrad.) 1801 {2): 312 (1803), synonyms: He-
mionitis esculenta Retz. (1791), Asplenium escu-
lentum (Retz.) C. Presl (1825), Athyrium escu-
lentum (Retz.) Copel. (1908).

- Diplazium  polypodioides Blume, Enum. pl.
Javae: 194 (1828), synonyms: D. asperum Blume
(1828), Athyrium asperum (Blume) Milde (1870),
Athyrium blumei (Bergsma.) Copel. (1908).

- Diplazium proliferum (Lamk) Thouars, FL Tris-
tan da Cunha: 35 {(1804), synonyms: Caliipteris
prolifera (Lamk) Bory (1804), I}, accedens Blume
(1828), Athyrium accedens (Blume) Milde (1870}

Vernacular names

— . esculentum. Edible fern (En}. Indenesia: paku
sayur (Indonesian), paku beunyeur (Sun-
danese), pakis wilis {(Balinese). Malaysia: paku
tanjong, paku benar, kud kub ch’ai ch’ugh (Chi-
nese). Philippines: pako (general), tagabas (Ta-
galog). Thailand: phak kuut (general), hasdam
(peninsular), kuut khue (northern).

- D. polypodioides. Indonesia: paku beunteur
(Sundanese). Thailand: kuut yoi (Chiang Mai).

- D. proliferum. Indonesia: paku buwah, paku
careham (Sundanese), pakis angkrik {Javanese).
Origin and geographic distribution Diplazi-

um comprises about 400 species and is distributed

all over the tropical and subtropical rain forests of
the world. The three major species mentioned

here are native throughout South-East Asia. D.

esculentum also occurs from central China and

southern Japan throughout humid tropical Asia
and in Polynesia and is widely cultivated in gar-
dens; as a garden escape it may occur outside its

natural range (e.g. in Florida, United States), D.

polypodioides is found from the Himalayas and

Sri Lanka to Taiwan, throughout South-East

Asia, but not as far as Australia. D. proliferum oc-

curs throughout the tropics of the Old World.
Uses The tender uncurling leaves of Diplazium

are eaten boiled or steamed as a leafy vegetable or
raw as a salad with various dressings. It is an ap-
preciated vegetable, being slimy and sweetish af-
ter cooking. Occasionally it is used as an ingredi-
ent in more complicated dishes. I}. esculentum is
the most palatable and most popular vegetable
fern in South-East Asia and the most important
fern used as human food in the world. Some

restaurants offer it as delicacy when available. A

decoction of I, esculentum is used by women as a

tonic after childbirth and is said to be good to cure

expectoration of blood and ordinary coughs. An ex-
tract of mature leaves is applied externally
against fever and the leaves are rubbed on the
body to get rid of the unpleasant smell of sweat.

The pulverized rhizome, soaked in water, is taken

against diarrhoea and dysentery. The wiry roots

(which look like horse hairs) are sold in the Philip-

pines as a growing base for orchids and are worn

in the hair by the Sundanese in Indonesia (known
as ‘kumpai cai’) to stimulate hair growth. D. escu-
lentum and D). proliferum are also attractive orna-
mentals in gardens and are widely cultivated for
this purpose. The bulbils of D. proliferum, often
present in considerable numbers in the axils of
leaflets, are also eaten raw or cooked.

Production and international trade D. escu-
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lentum is commonly offered for sale on local mar-

kets, where demand seems to exceed supply. All

Diplazium ferns are collected from the wild or

grown in gardens for home use. No international

trade exists and there is no commercial cultiva-
tion.

Properties Per 100 g edible portion, fresh D. es-
culentum contains: water 90 g, protein 3.1 g, fat
0.3 g, carbohydrates 3.9 g, fibre 1.2 g, ash 1.3 g, P
115 mg, Ca 22 mg, Fe 1.2 mg. The data show that
it is a reaspnable source of Ca, an excellent source
of P and a good source of Fe. In Malaysia average
ascorbic acid content in fresh young leaves soid as
vegetable is 29 mg per 100 g. D. esculentum con-
tains the flavonoids procyanidin, quercetin-3-ruti-
noside, kaempferol-3-rutinoside, quercetin-3-glu-
coside and eriodictyol 5-O-methyl ether 7-B-D-
xylosylgalactoside. It also contains syringic acid {a
major component of phenolic acids) and proto-
cathechuic acid. D. polypodicides contains
kaempferol-3-rutinoside and quercetin-3-gluco-
side. An ethanol extract of D. esculertum showed
antimicrobial activity with minimum inhibitory
concentration in the range 100-800 pg/ml and
minimum lethal concentration values in the range
400-800 pg/ml. Extracts, particularly of the rhi-
zome, also have fungicidal activity e.g. against
spore germination of Alternaria brassicicola and
Aspergillus niger.

Description Medium to large, terrestrial or
epilithic ferns. Rhizomes creeping te erect, scaly
at apex, the scales not clathrate. Leaves not artic-
ulate with the rhizome, rachis grooved, U-shaped
in transverse section, glabrous; laminas simple to
4-pinnate, linear to deltoid, glabrous or pubescent,
the veins free or partly anastomosing. Sori oblong
to linear, attached to sides of veins, partly or
wholly double, back-to-back; indusia membra-
nous, facing outward, almost always linear.

- D, esculentum. A terrestrial, palustrial fern, up
to 2.5 m tall. Rhizome erect, up to 100 cm tall
above ground level, lower parts often hidden by
dark stringy roots, upper part covered with
brown scales; scales 10 mm x 1.2 mm, margins
denticulate, apex long acuminate, dark brown
with black margins. Leaves clustered at apex of
the rhizome; petiole 50-70 cm long, black, paler
distally, glabrescent but with brown scales at
the base; lamina ovate to lanceolate, 0.5-1.5 m x
3.6-1 m, bipinnate with shallowly lobed pin-
nules, dark green, thin, papyraceous, abaxially
glabrous; pinnae ovate, rather suddenly nar-
rowed towards the apex, up ta 50 em x 25 em,
base truncate, apex acute; pinnules linear-lance-

Diplazium polypodioides Blume — 1, apical part of
the leaf blade; 2, fertile pinnule segments. D. escu-
lentum (KHetz.) Swartz — 3, pinna,; 4, fertile pinnule
segments.

olate, the largest ones 10-15 c¢m x 24 cm, the
base subsessile, truncate or broadly cuneate,
more or less auricled on both sides, margins in-
cised to one fourth length towards the costa,
apex gradually narrowed; veins pinnate within
each crenation, with 8-10 pairs of lateral veins,
the lowest 2-3 of which join with the veins of the
next crenation, to form an extra vein running to-
wards the margin, but not originating from the
midrib. Sori elongated, occupying almost the
whole length of the ultimate veins, with a nar-
row scarious indusium along one side of each
group or running through the middle. Spores
monolete, reniform, rugulate.

- D. polypodioides. Differing from D. esculentum
mainly in the following characteristics: leaves
up to 3 m tall; petiole and rachis rough or spiny;
lamina more finely dissected, with smaller seg-
ments, in which the veins of neighbouring
groups are not connected.

- D. proliferum. Differing from D. esculentum
mainly in the following characteristics: leaf
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blade only dissected once, segments up to 45 em

% 7.5 c¢m, often with small bulbils (or young

plants) in the axils of the midrib and segments.

Other botanical information Diplozium is

now placed in the subfamily Athyrioideae of the
Dryopteridaceae. Very often this subfamily is
treated as an independent family, the Woodsi-
aceae. With a still narrower family concept, the
anocleid genera are excluded and placed into the
Onocleaceae, and then Diplazium forms with the
remaining genera the Athyriaceae. Diplazium
{synonyms: Callipteris Bory, Rhachidosorus
Ching, Triblemma {J. Smith) Ching) is a difficult
and incompletely known genus, which partly ac-
counts for the over 400 described species. The
combination ). asperum which is given here as
synonym to . polypodioides is still often used and
might be the correct name. It is not sure whether
the specimens found in India and Sri Lanka apply
te the same species. In Papua New Guinea D,
cordifolium Blume (oceurring all over South-East
Asia) is particularly mentioned as being used as
vegetable.
D. subsinuatum (Wall. ex Hook. & Grev.) Tagawa,
occurring from India, throughout continental
South-East Asia to China, Taiwan, Japan and
south to the Philippines and Borneo, is used in
Chinese medicine, usually prepared as a tea from
dried material, as a diuretic and anti-inflammato-
ry agent. It is said to clear heat, cool the blood,
stop bleeding, promote urination and open the uri-
nary pathways, as well as to eliminate or reduce
food stagnation and congestion. It is used to treat
coughing with phlegm and blood from tuberculo-
sis, red, swollen, or painful eyes, low back pain,
diphtheria, vomiting with blood, rheumatoid
arthritis in the hands where the muscles have at-
rophied and the joints have nodular swellings,
causing the hands to have a curved, claw-like ap-
pearance. All parts of D. subsinuatum contain
hopane-triterpene gycosides which are named
diplaziosides and hopane glycosides with acetylat-
ed sugars.

Ecology Diplazium ferns grow terrestrially in
forests and thickets, occasionally as epilithies, in
the warmer parts of the world, only sparingly and
locally extending into temperate areas. D. esculen-
tum occurs in open, wet, swampy locations, often
along watercourses and rivers, usually with some
shading, but never in shady forest, in lowland and
hill forests up to 1100 m altitude. It forms clonal
colonies by vegetative reproduction from root
buds. D. polypodioides is found in similar environ-
ments but also in drier and less shady locations,

e.g. as a weed in plantations and along roads. It
oceurs from sea-level up to 1200 m, but is usually
found above 800 m altitude. D. proliferum grows
in moist forest, along brooks and riversides, up to
1200 m altitude.

Propagation and planting Diplazium ferns
grow easily from spores. Vegetative propagation is
possible by runners and rhizome parts with buds
in D, esculentum and by bulbils in D. proliferum.
D. esculentum absolutely needs wet conditions
and shade in dry periods during planting.

Husbandry If Diplazium ferns are grown in
gardens, the soil should preferably be poor and
wet. Provided wet and shady conditions are main-
tained, no more care is necessary. In a trial in
Sarawak (Malaysia), yield of shaded D. esculen-
tum increased linearly with increasing applica-
tions of NPK.

Harvesting When grown from spores, 2-3-year-
old Diplazium plants can be harvested. When
grown from runners, harvesting might start after
6 months.

Yield In a trial in Sarawak (Malaysia) in
1995-1996 yield of a NPK fertilized D). esculentum
vegetable was not profitable at the prevailing
market prices.

Handling after harvest In parts of India,
where fresh D. esculentum leaves (‘lungru’) are
available only for a short period of the year, young
leaves are dried and stored. Leaves dried in the
shade retain better quality after rehydration for
use as a vegetable compared to leaves dried artifi-
cially.

Genetic resources and breeding The major
Diplazium species mentioned are common and
seem unthreatened. Germplasm collections and
breeding programmes are not known to exist.

Prospects In Malaysia, Indonesia, the Philip-
pines and Papua New Guinea, Diplazium ferns
are considered the most important ferns for hu-
man consumption. They show potential as ‘func-
tional food’ in view of the significant therapeutic
and nutritive benefits. Further research is needed
to domesticate these species. A perennial species,
a continuous vegetable supply is therefore en-
sured throughout the year, once the plants are es-
tablished.

Literature {1l Copeland, E.B., 1942. Edible
ferns. American Fern Journal 32(4). 121-126. |2|
Gupta, R., Kalia, M. & Dhaliwal, Y.S., 1999. Effect
of drying/dehydration on quality of rehydrated
lungru (Diplazium esculentum}). Himachal Jour-
nal of Agricultural Research 25: 76-80. 13| Hoven-
kamp, P.H., 1989. Diplazium Swartz. In: West-
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Johns, R.J., 1991, Diplazium proliferum,. Woodsi-
aceae. Kew Magazine 8: 128-133. |5/ Mackeen,
M.M., Ali, M.M., El-Sharkawy, S.H., Manap, M.Y.,
Salleh, K. M., Lajis, N.H. & Kawazu, K., 1997. An-
timicrobial and cytotoxic properties of some
Malaysian traditional vegetables (ulam). Interna-
tional Journal of Pharmacognosy 35: 174-178. 16
Mehra, P.N. & Bir, 53.5., 1960. Cytological observa-
tions on the Himalayan species of Athyrium and
comments on the evolutionary status of the genus.
American Fern Journal 50(4): 276— 295. 7| Mertz,
0., 1999. Cultivation potential of two edible ferns,
Diplazium esculentum and Stenochlaena palus-
tris. Tropical Agriculture 76: 10-16. 18] Ochse, J.J.
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Co., Amsterdam, The Netherlands. pp. 598-603. (9!
Umi Kalsom, Y., Grayer-Barkmeijer, R.J. & Har-
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P H. Hovenkamp & Y. Umi Kalsom

Dipteris conjugata Reinw.

Syll. pl. 2: 3 (1825-1826).

DIPTERIDACEAE

2n =66

Synonyms Polypodium horsfieldii R. Br.
(1828), Phymatodes conjugata (Reinw.) C. Presl
(1836), Dipteris horsfieldii (R, Br.) Bedd. (1869),

Vernacular names Indonesia: paku payung
{Indonesian}, pitagar payung (Kedayan Dayak).
Malaysia: bua chek (Malay), shiiang shau ch’uzh
(Chinese). Philippines: pakong payong. Thailand:
bua chaek (peninsular).

Origin and geographic distribution D. con-
Jjugata is found from Thailand through Indo-Chi-
na, southern China, Taiwan, Malaysia, Indonesia,
the Philippines to New Caledonia and Australia,

Uses [n the highlands of Mindanao (the Philip-
pines), the large leaves of D. conjugata are used as
an umbrella. In southern Thailand, the roots of D.
conjugata are of medicinal value and often collect-

ed.

Production and international trade D, con-
Jugata is not traded internationally, nor is it com-
mercially cultivated.

Description A terrestrial, umbrella-shaped
fern, 0.5-2 m tall. Rhizome wide- or long-creeping,
up to 1.5 em in diameter, densely setose; setae 0.2
mm x 4-5 mm, lustrous reddish-brown to black,
the base sometimes widened. Leaves monomor-
phous, repeatedly bifid; petiole stout, up to over
2.5 m long, yellow-brown, basally setose; lamina
reniform, up to 25-50 cm x 70 cm, divided to the
base into two spreading flabellate halves, the base
cordate to hastate, apex rounded, coriaceous,
glabrous, dark green adaxially, paler or glaucous
abaxially, young leaves yellow-green with reddish
tinge; segments broadly obovate, up to over 60 cm
long, usually twisted through 90 degrees, spread-
ing more or less horizontally, 3 or more times di-
chotomously divided; ultimate lobes narrowly sub-
triangular, the margins irregularly and broadly
dentate, gradually narrowing into a caudate-
acuminate apex; main veing repeatedly dichoto-
mous, intermediate veins forming a dense net-
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Dipteris conjugata Reinw. — 1, rhizome and base of
petiole; 2, folded two halves of expanding leaf: 3,
leaf: 4, part of leaf from below
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work with free included veinlets in the areoles.
Sori amall, numerous, irregular in shape and size,
scatiered over the undersurface and borne on the
minor veins, without indusium, paraphyses capi-
tate. Spores monolete, ellipsoid, 29-38 pum,
smooth.

Growth and development The gametophyte
of D. conjugata is naked, cordate-thalloid with
thick midrib, slowly growing, eventually elongat-
ing, bearing gametangia on the ventral and often
also on the dorsal side. The antheridium is of a
primitive, massive type with few sperms. The
archegonium is also primitive and has a long,
straight neck.

Other botanical information Dipteris Reinw,
has ne close relatives, its family is of considerable
antiquity from the Mesozoic Triassic. 1t had a
worldwide distribution formerly but in its present
area it is a relict. Tt is the only genus of the family,
comprising about 8 species in the Old World trop-
ics and subtropics. In taxonomic literature it has
often been classified in Polypodiaceae.

Ecology D. conjugata is common in mountain
clearings and on steep banks, generally between
300-2900 m altitude. Some of its localities are on
coastal cliffs. It is a specialist of extremely poor
edaphic substrates, especially the leached gleyed-
clay sails of high mountain ridges and saddles, In
forests it is found where sufficient light reaches
the forest floor, for example on slopes near water-
falls or in disturbed sites. In East Kalimantan {In-
donesia) it is found growing aleng rivers accompa-
nying Nypa palm in coastal areas. Under dis-
turbed conditions colonies tend to be relatively
short-lived, possibly due to competition.

Propagation and planting D). conjugata can
be propagated by spores and by rhizome divigion,

Husbandry If D. cornjugata is planted, the soil
should be acid and well-drained. It likes fairly
bright light to light shade and plenty of water.
Plants are somewhat difficult to establish, but
once growing they are best left undisturbed. Spore
germination and vegetative growth are favoured
by lower temperatures.

Genetic resources and breeding Though its
distribution pattern is of relic nature and its popu-
lations may be or become isolated, D). conjugata is
fairly common over a large area and therefore it
does not seem to be in danger of extinction. In
Australia, however, D, conjugaio is among the
pteridophytes of conservation interest. Germ-
plasm collections and breeding programmes are
not known to exist.

Prospects The medicinal use of D. conjugcta

should be investigated and its active compounds
identified before its prospects can be reviewed. Re-
search on the ornamental possibilities of D. conju-
gata is recommended, including the collection of
germplasm.

Literature |1l Andrews, S.B., 1990. Ferns of
Queensland. Queensland Department of Primary
Indusiries, Brisbane, Australia. 427 pp. [2!
Backer, C.A. & Posthumus, O., 1939. Varenflora
voor Java [Fern flora for Javal. 's Lands Planten-
tuin, Buitenzorg, Duich East Indies. pp. 244-245.
13! Burkill, I.H., 1966. A dictionary of the economie
products of the Malay Peninsula. 2nd Edition. Vol.
J. Ministry of Agriculture and Co-operatives,
Kuala Lumpur, Malaysia. p. 851. |4] Holttum,
R.E., 1966, A revised flora of Malaya. 2nd Edition.
Vol. 2. Ferns of Malaya. Government Printing Of-
fice, Singapore. pp. 135-136. |5/ Jones, D.L., 1987.
Encyclopaedia of ferns, British Museum (Natural
Histary}, London, United Kingdom. p. 378. |6l
Kramer, K.U., 1990. Dipteridaceae. In: Kramer,
KU. & Green, P.S. (Volume editors): Pterido-
phytes and gymnosperms. In: Kubitzki, K. (Series
editor): The families and genera of vascular
plants. Vol. 1. Springer-Verlag, Berlin, Germany.
pp- 99-101. |71 Tagawa, M. & Iwatsuki, K. (Vol-
ume editors), 1979-1989. Pteridophytes. In: Smiti-
nand, T., Larsen, K. (Series editors) Flora of
Thailand. Vol. 3. Forest Herbarium, Royal Forest
Department, Bangkok, Thailand. pp. 481-483.
Dedy Darnaedi & Titien Ngatinem Praptosuwiryo

Drynaria (Bory) .J. Smith

J. Bot. (Hooker) 3; 397 (1841).

PoOLYPODIACEAR

x = 36, 37; D. quercifolia, D. rigidula, D. spar-
sisora: 2n="T4

Major species and synenyms

- Drynaria fortunei (Kunze ex Mett.) J. Smith, in
Seeman, Bot. voy. herald: 425 (1857), synonym:
Polypodium fortunei Kunze ex Mett.(1857).

— Drynarie pleuridioides (Mett.) Diels, Nat. Pflan-
zenfam. 1(4): 330 (1899), synonym: Polypodium
pleuridioides Mett. (1866).

— Drynaria quercifolica (L) J. Smith in J. Bot.
(Hooker) 3: 398 (1841), synonym: Polypodium
quercifolium L. (1763).

- Drynaria rigidule (Swartz) Bedd., Ferns Brit.
Ind.: t. 314 (1869), synonyms: Polypodium rigi-
dulum Swartz (1801), D). diversifolia (R. Br.) J.
Smith (1841).

-~ Drynaria sparsisora (Desv.) T. Moore, Index fil.:
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348 (1862), synonyms: Polypodium sparsisorum
Desv. (1811), D. linnei (Bory) Bedd.{1869).
Vernacular names

— D fortunei. Northern Indo-China: hou sen chan
(monkey’s gingler}.

- D. pleuridioides. Indonesia: tameti (Alor).

—D. guercifolia. Qak-leaf fern (En). Indonesia:
daun kepala tupai. Malaysia: daun kepala tupai,
sakat laipang. Philippines: pakpak-lauin {Ta-
galog), paipai-amo, kabkab (Bisaya). Burma
(Myanmar): thil-ka-sen (Wakema), kyaukpyu
(Ramree Island). Thailand: kratae tai mai (cen-
tral), kra prok waao (Prachuap Khiri Khan,
Prachin Buri), kuut khae hok (Karen, Mae Hong
Son).

- D. rigidula. Basket fern (En). Indonesia; paku
kayakas (Sundanese), simbar layangan (Ja-
vanese), pagilan kelapa {Java, meaning medici-
nal rhizome on stem of coconut tree). New
Guinea: poto (Southern Highlands), tjiekee (Irian
Jaya). Philippines: pinog yupar (Luzon). Thai-
land: kra prok lek (Chanthaburi), kuut tang, ku-
ut mai (northern).

- D. sparsisora: Indonesia: paku langlayangan
(Sundanese), barang-barang (Makassar), lilian-
ga (Ternate). Malaysia: kakayan (Sarawak).
New Guinea: talwala (Sepik), kangkoms (Irian
Jaya). Philippines: kabkab (Palawan), apatpat
di batu (Luzon}, glemu {Mindanao). Thailand:
kuut hok (northern), phang-ngaa (peninsular),
wean ngun kwak (peninsular).

Origin and geographic distribution Dryna-
ria is an Old World fern genus and is found from
Africa, throughout Asia to north-eastern Australia
and comprises about 15 species (about 10 in South-
East Asia). The greatesi diversity is found in conti-
nental Asia, especially in China. D. fortunei occurs
in Thailand, Indo-China, southern China and Tai-
wan. I, pleuridioides is only known from Indone-
gia (Sumatra, Java, Lesser Sunda Islands, Sulawe-
si and the Moluccas). D). quercifolia is distributed
from India and southern China (Hainan), through-
cut South-East Asia to tropical Australia and Poly-
nesia. In South-East Asia it is one of the most com-
mon epiphytic ferns, found in the crowns of forest
trees but often also on roadside and village trees.
D. rigidula occurs in Burma (Myanmar), Thailand,
Indo-China, China (Hainan}, Malaysia, Indonesia,
the Philippines, New Guinea, Australia and Poly-
nesia. I). sparsisora is found from Sri Lanka,
throughout South-East Asia to southern China,
tropieal Australia and Polynesia.

Uses Most species of Drynaria are quite often
grown as ornamentals and certainly all have orna-

mental value. Seme are also used medicinally or
as a stimulant and as a vegetable. D. fortunei is
used in Chinese medicine to tonify deficient kid-
neys manifested as lower back pain and with
weakness of the legs, to invigorate blood, to stop
bleeding and to heal wounds. In Alor {Indonesia)
roots of D). pleuridioides are used as a substitute
for Areca nut (betel) and it is believed that its
leaves, placed on a hamboo pole near Areca trees,
curse thieves with insanity. In Peninsular Ma-
laysia, the leaves of I}, quercifolic are pounded
and applied as a poultice to swellings; the diluted
juice is sprinkled over the head of a patient to
treat fever. In the Philippines, aside from being an
ornamental, it is a medicine for stomach ache,
fever, coughs and a dilute decoction of the rhi-
zomes ig astringent, helpful for haemoptysis and if
made more concentrated, it can be used as an an-
thelmintic. In Sumba (Indonesia), inner tissues
from the rhizome are mixed with gum (from the
tree Lannea coromandelica (Houtt.) Merr., ‘kaju
santen’) to make a poultice that is applied to the
head against headache. In India, this plant is
used for strong fever, cough, and phthisis. To com-
fort an aching stomach, the stem is cut into fine
pieces, soaked in water and the extract is drunk.
In Sulawesi (Indonesia), leaves of D, rigidula are
eaten as a vegetable, In Java (Indonesia) the juicy
rhizomes are collected by medicine men, but only
when they are growing on the coconut tree. As in
the Philippines, a decoction of the rhizome is used
to cure gonorrhoea and dysentery. Inhabitants of
the Treasury Islands used it as a remedy for sea-
sickness and they believed that chewing certain
parts of the plant made warriors agile and light-
footed. In Indonesia, roots of D). sparsisora (like
those of D. pleuridioides) may be used as a substi-
tute for Areca nut. Sap of the rhizome mixed with
other plant parts has been considered beneficial
for persistent diarrhoea. The bruised rhizome is
used externally to reduce swollen limbhs and to
mature boils. A decoction of the rhizome mixed
with Inocarpus fagiferus (Parkinson) Fosberg is
applied to treat virulent gonorrhoea. The leaves
mixed with honey and Alpinia galanga (L.) Willd.
may be administered into the nose as a treatment
against vomiting. It is also used as a medicine for
the eyes and in the Philippines the roots are ap-
plied against snake bites. In Indonesia, children
use the base leaves as kites and in Makassar
young foliage leaves are eaten as a vegetable. In
India the rhizome paste of Drynarie is applied to
induce labour and easy childbirth; in diluted form
it is used to treat ear infections.
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In China, D). sinice Diels (syn. D. baronii (H.
Christ) Diels) (‘gusuibu’} rhizome is used with
Psoralea fruit (‘buguzhi’), Cyvathula root (‘niuxi’)
and walnut seed (‘hutaoren’ for lower back pain
and weakness of the legs. It can also be used with
prepared Rehmannia root (shudihuang’) and dog-
wood fruit (‘'shanzhuyu’) for tinnitus, deafness and
toothache. Drynaria is used with magic ingredi-
ents and myrrh {(‘moyad’) for swellings and pain
due to external trauma or injury. As one of the
constituents of ‘kwat sui po’ it is applied as an an-
tibiotic and tonic against pain in the kidney and
broken limbs.

Production and international trade There is
hardly any information on production and inter-
national trade available for Drynaria although
most species are also cultivated as ornamentals.
In early 2001, the price of a 10% extract (probably
of D. fortunei) on the wholesale market amounted
to US$ 38 per kg and US$ 10 per 100 g for the rhi-
zome extract, and US$ 7 per pound of the powder
‘gusuibw’,

Properties Allegedly, Drynaria enhances the

caleium absorption of bone, increases blood calci-
um and inorganic phosphorus levels; it lowers
blood lipid levels and has an antibiotic activity
due to streptemycin. Administration of 100-150 g
of the fresh plant per day can result in, e.g. acute
toxic reaction with dry mouth, polyogia, palpita-
tion, chest distress, vagueness and platycoria.
Through tissue culture and isotope tracing, it has
been found that injection of gusuibu (D. sinica}
significantly promoted calcification of the cultivat-
ed chicken embryo bone primordium, increased
ALP activity in the cultivated tissue, and acceler-
ated synthesis of proteoglycan. Proteoglycan syn-
thesis was an important factor in the promotion of
calcification. The rhizomes of I}. sinica contain
propinqualin  ((-)-epiafzelechin-3-O-f-D-allopyra-
noside), 4-0-B-D-glucopyranosyl caffeic acid, and
B-sitosterol-3-0-p-D-glucopyranaside.
In the Philippines D. quercifolia contained alka-
loids (rhizome, leaf), tannin (leaf), saponin (leaf),
oxalic and formic acids (leaf), D. rigidula arbutin
(rhizome), amygdalin (rhizome), and in all parts
formie, oxalic and tartaric acids ranging from de-
tectable to large amounts. A crude extract from
the rhizome of D). gquercifolic has antibacterial
properties. In culture, it is effective in inhibiting
the growth of the bacteria Kiebsiella pneumoniae
which is assocated with pneumonia in humans.

Description Epiphytic, epilithic or rarely ter-
restrial ferns with the rhizome concealed by non-
green, pinnatifid base leaves (so-called nest

Drynaria sparsisora (Desv.) T. Moore — 1, habit; 2,
rhizome scale; 3, part of leaf with sort.

leaves) behind which green foliage leaves rise up.
Rhizome creeping, branched, densely scaly; scales
peltately attached or basifixed, the margins
toothed or shortly hairy, apex with a distinct glan-
dular top-cell, spreading or appressed; phyllopo-
dia absent, rhachises often persisting. Leaves di-
morphic with shallowly lobed base leaves (nest
leaves) and large, deeply lobed foliage leaves; base
leaves sessile, lamina rounded to ovate or ellipti-
cal, entire to lobate-pinnatifid, initially green but
becoming brown and papery, with trichomes,
glands and scattered scales, persisting for a long
time, acting as humus collectors; foliage leaves
green, sessile or with an often winged petiole,
lamina pinnatifid, sometimes pinnate, with tri-
chomes, glands and scattered scales, especially
around the rachis and costae; pinnae equally wide
throughout or with a basal constriction, base ad-
nate, margins serrate, apex acute, apical pinna of-
ten aborted; venation reticulate, with very few
free included veinlets; nectaries present on the fo-
liage leaves but only active in very young ones, in
species with pinnatifid leaves appearing as large
translucent spots near the junction of the primary
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veins and the midrib, in species with pinnate
leaves occurring on the stalks of the pinnae. Sori
round, borne at the angles of the small areoles of
the foliage-leaves, exindusiate. Spores monolete,
ellipsoid to reniform, 37-77 um in diameter, pale
ar pigmented, surface echinate or tuberculate.
- D. fortunei. Epiphytic or epilithic fern, rhizome
12 em in diameter, densely rufous scaly. Base
leaves rounded, up to 9 cm x 7 em, lobed, lobes
oblong-subdeltoid, up to 1.5 cm wide, brown; fo-
liage leaves with up to 10 em long, winged peti-
ole, lamina ellipsoid to ovate, up to 45 em x 20
cm, deeply pinnatifid, lobes narrowly oblong, up
to 11 cm x 2.5 cm, margin entire but irregularly
waved, midrib and main veins minutely pubes-
cent. Sori dispersed from the upper central por-
tion downwards, 2 rows of round sori or a single
row of crescent sori between adjacent main
veins. Spores with globular exerescences,
D. pleuridioides. Epiphytic fern, up to 1.256 m
tall, rhizome 1-2 cm in diameter, internodes up
to 10 ¢cm long, scales peltate, spreading, 4-8 mm
x 1 mm, dentate or curly ciliate. Base leaves
overlapping, lobed, 10-30 em x 7-22 cm, margin
irregularly denticulate; foliage leaves with up to
25 cm long, winged petiole; lamina pinnatifid,
40-100 cm % 20-40 em, pinnae 12-25 em x 1-3.5
em, gradually smaller fowards apex, margin en-
tire. Sgri round, 2-3 mm in diameter, in one row
between midrib and margin, distinetly sunken
into the leaf surface, sporangia glabrous. Spores
verrucate, without spines or globules.

— D. guercifolia. Epiphytic, epilithic or occasional-
ly terrestrial fern, rhizome about 2-3 cm in dia-
meter, woolly because of persistent soft scales;
scales gradually narrowing from the peltately
attached base to the acute apex, up to 2.5 em x 1
mtn, soft, light brown to black-brown with paler,
dentate margin. Base leaves more or less ovate,
10-50 em x 10-40 cm, shallowly to rather deeply
lobed with rounded lobes; petiole of foliage
leaves unconspicuously winged, up to 35 em
long, lamina pinnatifid, 40-100(-150) em x 15—
50 cm, upper part often drooping, lobes oblique,
1-25(-30}) em % 2-5 cm, shortly acuminate, sepa-
rated by narrow sinuses, thin but stiffly leathery
with reticulate venation, Sori round, 1-2 mm in
diameter, in two almost regular rows between
adjacent main lateral veins of the foliage leaves,
not or only slightly impressed into the laminal
surface, sporangia glabrous. Spores with spines.

- D. rigidula. Epiphytic or terrestrial fern, 0.5-2
m tall, thizome 1-2 c¢m in diameter, fleshy,
densely scaly; scales narrowed gradually from

the peltately attached base to an acute or acumi-
nate apex, 5-13 mm x 0.5-1.5 mm, brown to red-
prown, margins pale and ciliate. Base leaves
overlapping, ovate, 10-30 cm x 5-15 cm, margin
shallowly to deeply lobed, the lobes rounded and
finely denticulate; young foliage leaves covered
with white, very small scales or stellate hairs;
petiole up to 40 em long, not winged but in upper
part bearing small appendages spaced like the
pinnae; lamina pinnate, in outline 25-100(-200)
cm x 12-50 em, the pinnae jointed to the rachis,
papery to somewhat leathery, with short,
winged stalks, each bearing a small gland; pinna
strap-shaped, 8-25(-30) ¢cm x 0.5-3 c¢m, base
cuneate, margin crenate to serrate, apex obtuse
to acuminate, venation reticulate. Sori round,

1-2 mm in diameter, in a single row on each side

of the midrih, one sorus hetween each pair of the

main lateral veins, closer to the midrib than to
the margin, sunken into the laminal surface,
sporangia glabrous. Spores with spines.

- D. sparsisora. Epiphytic, epilithic or terrestrial
fern, rhizome 1-3 cm in diameter, fleshy, dense-
l¥ scaly, smooth and snake-like when old, cov-
ered with dark scale bases, the narrow apical
portions having broken off; scales peltate, ap-
pressed, overlapping, narrowed abruptly above
the rounded hase, tapering to a narrow, acute,
rather spreading apex, 1-11 mm x 1-3 mm, stiff,
brown to very dark brown, margins paler and
bearing very fine hair-like teeth. Base leaves im-
bricate, ovate, 10-35 ¢m x 10-25 em, margin
shallowly or deeply lobed, the lobes rounded; fo-
liage leaves stiffly erect; petiole 5-18 em long,
winged; lamina leathery, deeply pinnatifid, in
outline 30-80 e¢cm x 15-30 cm, the lobes strap-
like, narrowed slightly towards the base, taper-
ing to a mostly acute apex, 10-30 cm x 1.5-4.5
cm; veins reticulate between prominent main
lateral veins. Sori round, 1-2 mm in diameter, in
more than two irregular rows between adjacent
main lateral veins of the foliage leaves, not or
only slightly sunken into the laminal surface;
sporangia glabrous. Spores with spines.

Growth and development When a rhizome of
Drynaria is exposed to light it develops base
leaves (nest-leaves). When the rhizome is subse-
quently shaded by the closely appressed base
leaves, the dark condition signals the develop-
ment of the foliage leaves, The hase leaves collect
litter, which contributes to the nutrition of the
plant, and also retain water. When the base
leaves disintegrate, some Drynaria species retain
the naked rachises for a long time, sometimes
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with an empty mesh of finer veins. Epiphytic D.
rigidula often encircles the trunk of a tree many
times (forming a cylinder around the trunk) and
may form large nests in the crown. Juvenile
leaves of D. rigidula may be variously intermedi-
ate between base and foliage leaves; base leaves
may be absent in older plants.

Other botanical information Drynaria is
characterized by its peculiar leaf dimorphism with
often sessile, smaller, always sterile base leaves
and stalked, sterile or fertile foliage leaves with a
characteristically aborted apex with a peculiar
lopsided look because a lateral pinna has taken its
place, the leathery texture of the leaves and the
presence of nectaries between the bases of the pin-
nae. D). quercifolia resembles D. sparsisora but
can be distinguished by its woolly rhizome, its
usually larger, drooping leaves and its very regu-
lar rows of sori. In D. rigidula, Vidgenii' is a culti-
var with long, hanging, dark green leaves with
narrowly lobed segments; ‘Whitei’ has leaves with
very broad, deeply-lobed segments to impart a ruf-
fled appearance and the crowded segments over-
lap each other. Characteristic features of I). spar-
sisora are its snake-like old rhizomes, its erect fo-
liage leaves and its irregularly arranged sori.
Without rhizomes, it is almost impossible to dis-
tinguish between D. sparsisora and D). quercifolia.
A closely related genus of Drynaria is Aglaomor-
pha Schott with about 30 species in tropical Asia,
of which 14 in Malesia. It can be distinguished
from Drynaria by the absence of base leaves and
its normally developed apical pinnae. In general
they are large to very large epiphytic ferns with
thick rhizomes and pinnatifid to pinnate leaves.
They are beautiful ornamentals, e.g. Aglaomorpha
heraclea (Kungze) Copel. (synonyms: D, heraclea T.
Moore, Drynariopsis heraclea Ching) with sessile
pinnatifid leaves up to 3.5 m long and Agleomor-
pha corenans (Mett.} Copel. (synonyms: D). coro-
nans T. Moore, D. conjugata Baker ex Bedd.) with
leaves up to about 2 m long.

Ecology D. fortunet grows, often in the shade,
on trunks of trees in several types of forest, on
rocks and occasionally on brick walls. Its altitudi-
nal range is 0—1300 m. D. pleuridioides grows on
trunks of trees, encircling the trunk many times
or spirally climbing. It occurs in primary and sec-
ondary forest, occasionally in plantations, usually
at 500-1500 m altitude. D. quercifolia grows ter-
restrially among raocks, or as an epiphyte on tree
trunks, in open forest, rain forest margins and in
dry rain forest, from sea level up to 1200(-1900) m
altitude. In South-East Asia D. quercifolia is one

of the most common epiphytic ferns, found in the
crowns of forest trees but often also on roadside
and village trees. In rubber and coconut planta-
tions they sometimes become a troublesome weed.
D. rigidula is often found on or among rocks, ter-
restrially forming a crust, or it grows as an epi-
phyte on old trees in open forest, on wayside trees
and trees in plantations. It grows from sea level
up to 2400 m altitude but prefers a cooler climate
and is more often found in mountain forest. D).
sparsisora normally grows spirally on tree trunks
in primary or secondary, open or dry forest, from
sea level up to 1700 m altitude. It is found occa-
sionally in sandy soils or on rocks; it tolerates
more exposure than D. quercifolia. As litter collec-
tor, Drynaria is less efficient than bird’s nest ferns
{Asplenium ridus L.) and staghorn ferns (Platy-
cerium species). The nectaries secrete some fluid
and are only active in young leaves, Normally,
nectaries attract insects like ants, but their funec-
tion in ferns is unknown. D). rigidula however, fre-
quently harbours ants.

Husbandry All species of Dryraria grow from
spores, but propagation is easier by rhizome divi-
sions. Most Drynaria species can be grown readily
on rocks or trees in tropical gardens or in a large
pot or basket with a coarse soil mixture. Once es-
tablished, plants are very talerant to drought.

Genetic resources and breeding The Dry-
naric species here described are quite common
and nat threatened by extinction. There are no
known germplasm ecollections or breeding pro-
grammes for Drynaria.

Prospects Drynaria species are very beautiful
and prized ornamentals. Further research is need-
ed to facilitate domestication and commercial cul-
tivation and its trade as an ornamental. The med-
icinal value of several species deserves further in-
vestigation.

Literature |1/ Amoroso, V.B., 1988. Studies on
medicinal ferng of the family Polypodiaceae. The
Philippine Journal of Science 117:1-15. i2i Backer,
C.A. & Posthumus, O., 1939. Varenflora voor Java
[Fern flora for Javal. 's Lands Plantentuin, Bui-
tenzorg, Dutch East Indies. pp. 232-234. (3| Holt-
tum, R.E., 1966, A revised flora of Malaya. 2nd
Edition. Vol. 2. Ferns of Malaya. Government
Printing Office, Singapore. pp. 180-185. 4] Ho-
venkamp, P.H. & Roos, M.C., 1998. Drynaria. In:
Flora Malesiana, Series 2. Ferns and fern allies.
Board of the Foundation Flora Malesiana, Leiden,
The Netherlands. Vol. 3. pp. 36-44. 15! Ma, K.C,,
Zhu, T.Y. & Wang, F.X., 1996. Stimulative effects
of gusuibu (Drynaria baronii) injection on chick
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16| May, L.W., 1978, The economic uses and asso-
ciated folklore of ferns and fern allies. Botanical
Reviews 44(4): pp. 491-528. |7 Perry, L.M., 1980.
Medicinal plants of East and Southeast Asia: at-
tributed properties and uses. MIT Press, Cam-
bridge, Massachusetts, United States. p. 324. |8l
Roos, M.C., 1986. Phylogenetic systematics of the
Drynarioideae (Polypodiaceae). Verhandelingen
van de Koninklijke Nederlandse Akademie van
Wetenschappen, afdeling Natuurkunde, 2nd Se-
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K., 1989. Drynaria, In: Tagawa, M. & Iwatsuki, K.
(Volume editors), 1979-1989. Pteridophytes, In:
Smitinand, T., Larsen, K. (Series editars): Flora of
Thailand. Vol. 3, Forest Herbarium, Royal Farest
Department, Bangkok, Thailand, pp. 543-550.
[10| Zamora, P.M. & Co, L., 1986. Economic ferns,
endemic ferns, gymnosperms. In: Umali, R.M. et
al. (Editors): Guide to Philippine flora and fauna.
Vol. 2. Natural Resources Management Center,
Ministry of Natural Resources and University of
the Philippines, Quezon City, The Philippines. pp.
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Titien Ngatinem Praptosuwiryo

Equisetum ramosissimum Desf.

F1. atlant. 2: 398 (1799).

EQUISETACEAE

2n =216

Synonyms Equisetum ramosum DC. (1806), E.
elongatum Willd. (1810), Hippochaete ramosissi-
ma (Desf.} Borner (1912).

Vernacular names Branched horsetail (En).
Indonesia: bibitungan (Sundanese), rumput be-
tung {Sumatra), tropongan (Javanese). Papua
New Guinea: niglgakagl. Philippines: puted, sum-
bok (Bukidnon), putuptud (Bontoc, Igorot). Thai-
land: ya nguak, ya thot bong, ya hu nuak (north-
ern). Vietnam: c[or] d[oos]t.

Origin and geographic distribution E. ramo-
sissimum is widespread, from southern and east-
ern Africa, southern and central Europe through-
out Asia to Central and South America. In South-
East Asia only subsp. debile {Roxb. ex Vauch.)
Hauke is found.

Uses The stems of Fquisetun L. accumulate
crystals of silica and the fine abrasive action of
these crystals make it a useful cleaning agent.
Throughout New Guinea E. ramosissimum is used
to clean cooking and eating utensils. The sandpa-

per-like qualities lead to its use in shaping and
smoothing tools, ornaments and weapons, In In-
donesia and Malaysia, F. ramosissimum stems
are powdered and made into an sintment which is
used externally to treat bruises, fractures and
arthritis. A decoction is drunk as a diuretic and
astringent to treat dysentery and haemorrhoids.
In India it is used as diuretic and given against
gonorrhoea. In Nepal juice of the roots (about 4
teaspoons 4 times a day for a week), is given to re-
lieve fever. [n South Africa, juice from the plant is
used to relieve toothache and applied to the
wounds after tooth extraction. In Papua New
Guinea, harsetail is crushed together with leaves
of Ficus sp., Impatiens sp. and Stellaria sp. and
the sap is drunk to soothe a bad cough. In Euro-
pean traditional and modern alternative medicine
several horsetail species were commonly used as
diuretic and in baths to treat dropsy, urinary com-
plaints and kidney affections. E. arvense L., E.
palustre L. and E. variegatum Schleich. were pre-
scribed as ‘Herba Equiseti maioris’ to cure gonor-
rhoea and diarrhoea. About 4 g of the dried herb,
powdered and taken 3-4 times a day, was used as
a remedy for spitting blood, remineralizing organ-
isms with retarded growth, especially in cases of
tuberculosis, where the pulmonary tissues were
affected by lesions. It was also applied as a
haemostatic, diuretic, digestive agent and purifi-
er. The ashes of Equisetum are administered in
doses of 0.2-0.6 g and considered valuable in
treating an acid stormach, dyspepsia, tuberculosis,
pain in the hones, gastric and intestinal ulcers,
bleeding, blood in the urine and difficulty in uri-
nating. The juice of the fresh plant is used as well,
in doses of 20-50 g/l per day. A strong decoction
acts as an emmenagogue; it is also cooling and as-
tringent and used for haemorrhage, cystic ulcera-
tion and ulcers in the urinary passages. Applied
externally the decoction stops bleeding, heals
wounds and reduces swelling of the eyelids. In
Chinese medicine various Egquisetum species have
been applied. E. Ayemale L., E. arvense L. and E.
ramosissimum are the sources of the drugs ‘muzéi’
and ‘wenjing’ which serve as an astringent,
haemostatic and diuretic. Wanjing is also used as
a diaphoretic and to cure eye-diseases, catarrh,
urinary calculus and hyperpepsia. There is confu-
sion, however, as to the common names and iden-
tity of the drug plants. Moreover, both drugs
share a synonym name (jigiécio’). E. ramosissi-
mum has been identified in samples of muzéi, but
it is possible that all these species do not vary
much in their properties and that the species most
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easily obtainable is used. It is striking that Equi-
setum species were applied in similar ways inde-
pendently in Asia and Europe, as well as in South
America by the Indians of Peru.

E. ramosissimum 1is often cultivated as a pot
plant. The stems are sometimes made into handi-
craft objects, e.g. picture frames.

Production and international trade Equise-
tum species are of diminishing economic impor-
tance but are still locally traded as crude drugs.
The stems of E. ramosissimum are traded in In-
donesian traditional medicine as ‘greges otot’ or
‘greges tulang’.

Properties Equisetum contains high levels of
silica and potassium but the chemical contents are
not yet fully known. Equisetum species accumu-
late minerals in their tissue up to 125 ppm. In
gold-rich areas as much as 610 g of gold per t E-
guisetum has been recorded. Some contain alka-
loids (palustrine, palustridine, nicotine, equise-
tine), thiaminase, glycosides (dimethylsulphon),
aconitinic acids, saponins (equisetonoside), 3-me-
thoxypyridine, B-sitosterol, equisetolic acid and
equisetonine. The rhizomes contain a considerable
quantity of starch cells. Some species are poiso-
nous to livestock whereas others are used as fod-
der. Equisetum species also contain a thiaminase
and the effects of poisoning in animals from inges-
tion of the plants are similar to those of vitamin
B, deficiency. E. ramosissimum is almost certain-
ly toxic and it irritates the skin. In analysis,
B-sitosterol and stigmasterol were found as well
as unidentified C,4 to C,, carbohydrates. E. ramo-
sissimum plants show considerable thiaminase
activity combined with a relatively low thiamine
content. In the Philippines, horses are most sus-
ceptible to the stem of horsetail, and cattle and
sheep also suffer ill effects due to poisenous prin-
ciples it contains. High rates of nitrogen fixation
by acetylene reduction are realized by Enterobac-
teriaceae associated with the roots of E. ramosissi-
mum. In in-vive and in-vitro tests E. ramosissi-
mum subsp. debile proved effective in inhibiting
many phyllosphere fungi.

Description A very characteristic plant with
jointed, hollow stems, branches in whorls around
the stem, apparently without leaves and spores
produced in a terminal, cone-like strobilus. Rhi-
zome rather deep underground, erect or ascend-
ing, with many ascending, dark brown to black
branches, somewhat rough, 6-8-sectored. Roots
numerous, wiry along the length of the rhizomes.
Stem irregularly branched or simple, erect or as-
cending, cylindrical, 15-300(-900) ecm x 2-3(-15)

Equisetum ramosissimum Desf. subsp. debile
(Roxb. ex Vauch) Hauke - 1, habit; 2, part of the
stem with sheath and branches (teeth partly decid-
uous); 3, stem apex with strobilus; 4, transverse
section through internode; 5, sheath with persist-
ing teeth.

mm, articulate with hollow internodes, smooth,
evergreen {green to greyvish-green); ridges 10-32,
convex, usually with small cross-bands of silica,
grooves with flat-topped rosettes; stomata ar-
ranged in one line on each side of the groove,
71-102 um x 56-78 pm. Branches solitary or in
groups of 2-3(-5), erect, straight or sinuous, sim-
ple or occasionally branched, up to 60 cm long,
with 6-10 ridges. Leaves small, scale-like, in
whorls that fuse into a sheath at the stem nodes;
sheath cylindrical to slightly funnel-shaped,
4.5-13 mm x 2-12 mm, its segments smooth, the
midrib prominent basally, becoming flattened api-
cally, with 2 distinct lateral ridges, ribs flattened,
angular at the sides, green, teeth thin, with a
brown central band and white or colourless mar-
gins, drying or deciduous, leaving a truncated
margin on the sheath; sheath of the branches like
the ones of the stem or retaining the teeth, the
first internode much shorter than the correspond-
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ing stem sheath. Strobilus cone-like, ellipsoid, up
to 17 mm x 7 mm, apex subobtuse to apiculate
with 1 mm apiculum, yellow to black; sporangio-
phore consists of a short stalk at right angle to the
axis of the strobilus, peltately attached to a plate-
like, flat, hexagonal structure bearing 5-10 spo-
rangia on its underside. Spores globose, each one
bearing 4 filiform, long, apically clavate, hygro-
scopic appendages (elaters), surface granulate
with scattered spherical deposits, bright green.

Growth and development The hygroscopic
elaters of the spores of E. ramosissimum, which
stand out in dry air but quickly contract in
moister circumstances, combine several functions
that make the spores more susceptible to disper-
sal by wind in areas unfavourable for germina-
tion. The spores contain chlorophyll and remain
viable for only a few days after they are released.
The absence of a transpiration-resistant spore
wall makes them vulnerable to desiceation. Under
favourable conditions the spores germinate within
a day. Within a few weeks the prothallus develops
as an elongated, fleshy structure with upright,
photosynthetically active appendages. The larger
prothalli may live for months, in culture even up
to two years. The prothalli are either male or bi-
sexual, A prothallus may have as many as 200
archegonia many of which are fertilized, although
the vast majority do not develop into mature
sporophytes. It is not unusual for 8-10(-15) sporo-
phytes to develop from a single gametophyte. The
rhizomes of the sporophytes produce aerial stems
at close intervals, together often forming dense
colonies. Mature plants fruit all year round and
show no seasonality.

Other botanical information Equisetum L, is
the only genus in the family Equisetaceae and
comprises 15 species. It is a reliet group with a
long fossil history and is cosmopolitan except in
Australia, New Zealand and Antarctica. The
many unique features of its anatomy and mor-
phology justify its being segregated as a distinct
class, subdivision or even, by some authors, a divi-
gion of the plant kingdom. Eguisetum has been
subdivided into 2 subgenera, subg. Egquisetum
(stomata superficial, strobili blunt, stem smooth
or a little rough) with 8 species and subg. Hip-
pochaete (stomata sunken, strobili apiculate, stem
rough from silica deposits) with 7 species, includ-
ing E. ramosissimum Desf.

E. ramosissimum is variable and has been subdi-

vided into 2 subspecies:

— subsp. ramosissimum: stem with double com-
mon endodermis (an inner endodermis sur-

rounding all bundles); stomata in one to several

lines; sheath-teeth persistent; from southern

and eastern Africa, southern and central Europe
to most of Asia except Malesia.

~ subsp. debile (Roxb, ex Vauch.) Hauke (syn-
onyms: K. debile Roxb. ex Vauch., E. laxum

Blume, E. fimorianym Vauch.): stem with indi-

vidual endodermis {zn endodermis surrounding

each vascular bundle); stomata in one to several
lines; sheath-teeth regularly breaking off; India,
southern China, throughout Malesia (except

Peninsular Malaysia) to New Caledonia.

In the area of geographical overlap, however,
there is an extensive intergradation between the
two subspecies. Fertile, intermediate hybrids of
the two subspecies have been recorded in India,
southern China and the Ryukyu [slands.

Ecology E. ramosissimum is found in marshes
and abandoned rice flelds, in meadows along
streams or trails, or attached to rocks in streams,
from humid lowlands up to severe alpine condi-
tions at 3600 m altitude. The stem may remain
tufted and small when growing in sandy soils
along river banks, but attains a height of several
m when growing in shady and swampy soils of
forests. It may profit from soil disturbance, for ex-
ample by logging or the establishment of planta-
tions. It has become a weed that thrives gregari-
ously on the rice terraces of the Philippines and in
the tea plantations of Sumatra.

Propagation and planting E. ramosissimum
can be propagated by spores but much more easily
by rhizome cuttings.

Diseases and pests Rhizoctonia solani may
cause root rot and stem rot in E. ramosissimum,
whereas (loeosporium may damage the leaves.

Harvesting The barren stems of E. ramosissi-
maurm are cut off just above the root.

Handling after harvest E. ramosissimum is
used either fresh or dried, but allegedly it is more
effective when fresh. A fluid extract is prepared
from it and the ashes are also employed.

Genetic resources and breeding The wvari-
ability of E. ramosissimum subsp. debile is small.
Neither substantial germplasm collections nor
breeding programmes are known to exist.

Prospects E. ramosissimum is common in
South-East Asia and its medicinal properties in
particular need better investigation. Its use in tra-
ditional medicine all over the world makes it an
interesting and promising plant resource.

Literature |11 Croft, J.R., 1985. Ferns and fern
allies. In: Leach, G.J. & Osborne, P.L., (Editors):
Fresh water plants of Papua New Guinea. Univer-
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1977. A comparative study of crude drugs in
Southeast Agia.10. Crude drugs derived from E-
quisetum species. Chemical and Pharmaceutical
Bulletin (Tokyo) 25(5). 1135-1139.
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Helminthostachys zeylanica (L) Hook.

Gen, fil.; t. 47 (1840).

OPHIOGLOSSACEAE

2n = 188 (tetraploid)

Synonyms Osmunda zeylanica L. (1753), Hel-
minthostachyvs dulcis Kaulfuss (1824),

Vernacular names Indonesia: rawu hekubang
(Malay, western Sumatra), jajalakan (Sun-
danese), pakis kaler (Javanese). Malaysia: tunjok
langit, akar paku, jelai. Philippines: tungkud-lan-
git (Tagalog). Thailand: kut chong (northern), tin
nok yung (south-eastern, peninsular), phak nok
yung {eastern). Vietnam: s[aa]m d[aaslt, rlas]ng
re[uflng giles], s[aalm bloflng bong.

Origin and geographic distribution The
exact origin of H. zeylanica is unknown but it is
widespread at low altitudes from India, Sri
Lanka, southern China and Taiwan, throughout
South-East Asia to tropical Australia and the
western Pacific.

Uses H. zeylanica is used as food, medicine and
as a source of fibre. In many countries, young
leaves are eaten cooked as a vegetable or raw as a
salad, Young petioles ¢an be cooked, dressed and
eaten as a substitute for asparagus. In Java, the
rhizome is used against dysentery (fresh or pow-
dered, said to be very effective), catarrh (some
juice is sufficient) and early stages of pulmonary
tuberculosis (besides eating a porridge made from
the rhizome, spreading the porridge over the chest
is also gaid to be beneficial). In the Moluccas, the
rhizome is used as a mild laxative and is eaten
with betel for whooping cough (it can be preserved
by being candied). In Malaysia, it is regarded as a
tonic and the Sakai use it to treat syphilis. In the
Philippines it is used against malaria and in India
for treatment of sciatica. In Java and the Philip-
pines petioles of 0ld leaves are used in wickerwork
and handicraft. H. zeylanica can be grown as an
ornamental. In Peninsular Malaysia, for some
traditional medicinal applications, Syngramma
alismifolia (Presl) J. Smith (Pteridaceae, found in
western Malesia, vernacular names: paku tom-
bak, paku tunjok langit) is sometimes used as a
substitute for H. zevlanica.

Production and international trade f. zey-
lanica is traded only at local markets and ne sta-
tistics on production or trade exist. Formerly
Malaysia exported some rhizomes to China. In the
Philippines it used to be sold in considerable
quantities on provincial markets but plants are
becoming rarer because of habitat destruction.

Properties H. zeylanica is a good source of
phosphorus, calcium and iron; per 100 g edible
portion, young leaves contain approximately 1.5 g
ash, of which P 350 mg, Ca 30 mg and Fe 15 mg.

Description Terrestrial fern with short creep-
ing rhizome up to 7 mm in diameter, unbranched,
bearing fleshy roots laterally and ventrally; erect
stem part absent. Leaves in two rows, one or
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Helminthostachys zevianica (L.) Hook. — 1, habit;
2, apex of rhizome; 3, apex of a lateral leaf lobe
showing venation,; 4, apex of the spike; 5, sporan-
glophore with a cluster of sporangic.

rarely twe per growing season; petiole 10-60 cm
long, fleshy, green or purplish-brown; lamina pin-
nate to subpalmate, 5-25 em x 10-50 mm, tripar-
tite, herbaceous; pinnae rhemboid to obdeltoid, up
to 25 cm long, short stalked or subsessile, with a
terminal lobe and one or two pairs of sessile later-
al lobes; lobes lanceolate, 5-25 cm x 2-5 cm, base
cuneate, decurrent, margin entire or finely and ir-
regularly dentate, apex acuminate; veinlets all
free, once or twice forked. Spike ecylindrieal,
(3-)7-13(-21) em x 6-7 mm, with a stalk of
{3-)7-20(-30) em, arising from the junction of the
petiole and the blade, usually protruding beyond
the blade, bearing numerous short branches each
with a group of round sessile sporangia that open
with a longitudinal slit and with small sterile
lobes at the apex. Spores globose, trilete, 2040
um in diameter, granular with coarse, more or
less fused, cylindrical projections.

Growth and development The tuberous pro-
thallus of H. zeylanica grows subterraneously as a
saprophyte, dependent on a fungus. Anatomically

it hag a central strand of elongated, partially lig-
nified cells, sometimes even a strand of true
xylem, Initially the rhizome is vertical, but in old-
er plants it changes to horizontal growth. Dor-
mant axillary buds may be stimulated by damag-
ing the apex of the rhizome. The adult plant usu-
ally has only 1 leaf, but sometimes up to 5; it
grows with the onset of the rains and dies back to
a dormant rhizome and root system over the dry
season.

Other botanical information The Ophioglos-
saceae is the most isolated family of the ferns and
some authors consider it more closely related to a
lineage of progymnosperms or cycadophytes than
to typical modern ferns. Evidence from fossils to
back up speculations, however, is lacking. Cladis-
tic studies based on both morphological characters
and DNA sequences suggest a position between
the seed plants and the true ferns, with the whisk
ferns (Psilophyta) as closest relatives. The mor-
phological nature of the spike is a matter of some
controversy, but now generally thought to origi-
nate from two fused fertile pinnae. Helmin-
thostachys Kaulfuss, characterized by the radially
branched spike, is represented by one species on-
ly.

Ecology H. zeylunica grows terrestrially on
moist ground, along the bank of streams or on hu-
mus-rich slopes in light shade from sea-level up to
400 m altitude. In the wild it is rather difficult to
find and is nowhere very common. Locally it may
grow gregariously.

Propagation and planting Propagation of H.
zeylanica is by spores or by rhizome cuttings. It is
not cultivated commercially.

Husbandry H. zeylanica can be grown in pots
with a humus-rich soil mixture. It must be kept
wet while in active growth but much drier while
dormant. The leaves can suffer from a leaf blight
disease,

Genetic resources and breeding Since H.
zeylanica is very widespread it is not in danger of
extinction although habitat destruction makes it
rarer in a rapidly growing number of areas.
Germplasm collection and breeding programmes
are not known to exist.

Prospects H. zeylanica is used on a local scale
as food, medicine, and as a source of fibre in many
countries in South-East Asia and elsewhere. Its
many uses deserve further research on nutritional
and medicinal values and on requirements for do-
mestication.

Literature |1/ Campbell, D.H., 1911, The Eu-
sporangiatae, the comparative morphology of the



110 CrypTOGAMS: FERNS AND FERN ALLIES

Ophioglossaceae and Marattiaceae. Carnegie In-
stitution of Washington, Washington, United
States. 229 pp. |12 Heyne, K., 1950. De nuttige
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544-545, |6 Pryer, KM., Schneider, H., Smith,
AR., Cranfill, R., Wolf, P.Gs., Hunt, J.5. & Sipes,
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Titien Ngatinem Praptosuwiryo

Hemionitis arifolia (Burm.f.) T. Moore

Index fil.: 114 (1859).

PTERIDACEAE

2n = 120 (tetraploid)

Synonyms Asplenium arifolium Burm.f. (1768),
Hemionitis cordifolia Roxb. (1828), H. cordata
Hook. & Grev. (1828).

Origin and geographic distribution H. arifo-
liz is native from India and Sri Lanka throughout
continental South-East Asia to southern China,
Taiwan and the Philippines.

Uses In the Philippines, juice of the leaves of H.
arifolia, sometimes mixed with that of other
species, is sprinkled on burns. In Thailand, it is
grown as an ornamental in terrariums. In India

people have believed since ancient times that H.
arifolic possesses magical power.

Production and international trade No in-
ternational trade in H. arifolia exists, nor is it
commercially cultivated. It is only locally used.

Properties Five flavonol-3-O-glycosides have
been identified from H. arifolia: quercetin-3-O-
glycoside, quercetin-3-O-glucoside, kaempterol-3-
O-glucoside, quercetin-3-O-rutinoside and kaem-
pterol-3-O-rutinoside. Furthermore the flavone-C-
glycoside apigenin-6,8-C-diglycoside has been
found along with 5 other unidentified flavonoids.

Description A small fern, up to about 35 cm
tall, with heart-shaped, firm leaves. Rhizome
short, suberect, covered with scales and brownish
hairs; scales narrowly triangular, 2-3 mm long,
entire, brown at both sides, Leaves simple, sterile
ones forming a rosette, fertile ones erect; petiole
4-9 em long in sterile leaves, 15-30 cm in fertile
ones, grooved, dark brown to black, hairy (narrow-
ly scaly) throughout, hairs up to 1.5 mm long, lax,
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Hemionitis erifolia (Burm.f) T. Moore — 1, habit;
2, rhizome scale and hair; 3, narrow petiole scale;
4, underside sterile leaf: 5, underside fertile leaf; 6,
sori continuous on veins; 7, sporangium releasing
spores.
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spreading, multicellular, coarse; sterile leaf blade
narrowly ovate to oblong, up to 9 em x 4.5 cm,
deeply cordate at base, margins entire, apex round-
ed, rather thickly papyraceous to chartaceous, un-
der surface with scales and hairs and prominent
midrib, the veins reticulate, ohscure, without free
veinlets; fertile leaf blade oblong-subdeltoid to
sagittate, up to 5 cm x 3 cm, at base cordate or bi-
auriculate to hastate, margins entire, apex moder-
ately acute, texture thinner than the sterile leaf
blade; at the base of the upper surface of adult ster-
ile and fertile leaf blades 1-3 small bulbils are pre-
sent which are important for the vegetative repro-
duction of the fern. Sporangia continuous along the
veins, forming a network all over the undersurface,
sometimes completely covering it, without indusia
but mixed with long narrow scales and hairs.
Spores tetrahedral-globose, trilete, 25-30 um in di-
ameter, with prominent ridges.

Growth and development H. arifolic is an
apogamic tetraploid. The buibils at the base of the
leaf blades are of epidermal origin and their vas-
cularization joins that of the lamina. The develop-
ment of the stele of these epiphyllous bulbils is
identical to that of the young sporophyte, but the
bulbils acquire certain morphological and anatom-
ical characters earlier than the sporeling. The
first bulbils appear on the 4-6th leaf. The bulbils
usually come into contact with the growing sub-
strate when the leaf decomposes, but they rarely
detach from the lamina.

Other botanical information Hemionitis L. is
here classified in the subfamily Cheilanthoideae,
family Pteridaceae, together with other genera
such as Cheilanthes Swartz, Doryopteris J. Smith
and Paraceterach (F.v.Mueller) Copel.; it is also
classified in Adiantaceae, Parkeriaceae or Sinop-
teridaceae. Hemionitis comprises 8 species, 7 dis-
tributed in tropical America, 1 (H. arifolin) in the
0Old World tropics. Although H. arifolia is classi-
fied in Hemionitis now, it is in fact a species not
readily included in any recognized genus. In some
technical details it is similar to Paraceterach but
differs in its dimorphic leaves and simple, cordate
to hastate leaf blades with sparse indumentum. In
Peninsular Malaysia H. arifolia is much less com-
man than the related Doryopteris ludens (Wall,) J.
Smith (creeping rhizome, petiole not grooved,
much less scaly) which grows in similar localities.

Ecology H. arifolia is found on muddy rocks, es-
pecially limestone, or along paths in dense forest
at low to medium altitudes up to 900 m.

Propagation and planting H. arifolic can be
propagated by spores and by the bulbils at the

base of the leaf blades. If planted it is best main-
tained in small pots as long as possible. The
plants prefer a meist, humus-rich, neutral to alka-
line soil mix, and warm conditions in medium
light. . arifolic is not cultivated commercially
and cultivation requirements are not well known.

Genetic resources and breeding Germplasm
collections and breeding programmes of H. arifo-
lia do not exist as far as is known. Tt is very often
stated that H. arifolia is not a common plant de-
spite its wide distribution.

Prospects Further research is required regard-
ing the botany and the medicinal value of H. arifo-
tie. Its possibilities as an ornamental seem
promising but need closer investigation. Because
it is nowhere a common fern, germplasm collec-
tion is urgently recommended.

Literature |1l Giannasi, D.E., 1974. Phyto-
chemical aspects of fern systematics. Annals of
the Missouri Botanical Garden 61: 368-378. 12! Gi-
annasi, D.E. & Mickel, J.T., 1979. Systematic im-
plications of flavonoid pigments in the fern genus
Hemicnitis (Adiantaceae). Brittonia 31: 405-412.
I3i Holttur, R.E., 1966. A revised flora of Malaya.
2nd Edition. Vol. 2. Ferns of Malaya. Government
Printing Office, Singapore. p.5%96. [4] Nicolas, P.,
1983. Contribution a I'étude du genre Hemionitis
L. 1. Morphologie et anatomie de H. arifolia
{Burm.) Moore (Adiantaceae) [Contribution to the
study of the genus Hemionitis L. 1. Morphology
and anatomy of H. arifolia (Burm.) Moore (Adi-
antaceae)]. Adansonia 5: 109-120. |5t Nicolas, P.,
1985. Contribution & I'étude du genre Hemionitis
L. 8. La ramification de H. arifolia (Burm.) Moore
{Adiantaceae) et conclusions générales relatives a
ce genre [Contribution to the study of the genus
Hemionitis L. 3. The branching of H. arifolia
{Burm.) Moore (Adiantaceae} and general conclu-
sions concerning this genus]. Adansonia 7:
105-110. 16/ Perry, L.M., 1980. Medicinal plants of
East and Southeast Asia: Attributed properties
and uses. MIT Press, Cambridge, Massachusetts,
United States & London, United Kingdom. 620
pp. 17l Tagawa, M. & Iwatsuki, K. (Volume edi-
tors), 1979-1989. Pteridophytes. In: Smitinand,
T., Larsen, K. {Series editors): Flora of Thailand.
Vol. 3. Forest Herbarium, Royal Forest Depart-
ment, Bangkok, Thailand. pp, 191-192. |18 Tryon,
R.M., 1990. Hemionitis. In; Kramer, KU. &
Green, P.S. (Volume editors): Pteridophytes and
gymnosperms. In: Kubitzki, K. (Series editor): The
families and genera of vascular plants. Veol. 1.
Springer-Verlag, Berlin, Germany. pp. 244-246.
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112 CrypT0GAMS: FERNS AND FERN ALLIES

Huperzia carinata (Desv. ex Poir.)
Trevis.

Atti Soc. Ital. Sei. Nat. {Milano) 17: 247 (1874).

L¥COPODIACEAE

2n = unknown

Synonyms Lycopodium carinatum Desv, ex
Poir (1814), Urostachys carinatus (Desv. ex Poir.)
Herter ex Nessel (1939), Phlegmariurus carinatus
(Desv. ex Poir.) Ching (1982).

Vernacular names Keeled tassel fern (En). In-
donesia: kumpai lubang {Sundanese). Thailand:
hang nu, hang pia check, soi nari (south-eastern).

Origin and geographic distribution H. cari-
nata grows naturally in tropical Asia (including
South-East Asia), the Ryukyu Islands, Taiwan,
Polynesia and Australia, In Thailand H. carinata
is rather rare.

Uses H, carinata is mainly used as an ornamen-
tal. A pendulous fern ally with slender branches
and very small, densely crowded leaves , it is suit-
able for hanging baskets. In South-East Asia
washing the hair with an extract of the whole
plant has been used to improve hair growth,

Production and international trade In Thai-
land and the Philippines H. carinata is collected
from the forest and sold on local markets, but sta-
tistics are not available.

Properties In China, the chemical compounds
huperzine A, lycodoline, lucidioline and lycopo-
dine were found from H. carinata. From H. serra-
ta (Thunb.) Trevis., also occurring in the same dis-
tribution area, the alkaloids huperzine A and hu-
perzine B are known. These have demonstrated
anticholinesterase activity and have also been ef-
fective in behaviour tests for appraising animal
learning and improving memory function in hu-
mans. Huperzine A improved memory for 1-4
hours after injection and the effect was sustained
for approximately 8 hours. It has been approved
by the Chinese Committee on New Drug Evalua-
tion for the treatment of senile dementia and aged
memory impairment. H. serrate has been used in
China for centuries to treat fever and inflamma-
tion. The use in South-East Asia of an extract of
H. carinate to stimulate hair growth is based on
signature only.

Description A variable, epiphytic herb, with
long, lax, pendent branches, the narrower forms
slender and snake-like; roots usually forming one
basal tuft. Stem at first erect, becoming pendu-
lous, (10-)35-50(-100) e¢m x 7-15 mm (including
the leaf cover), 1-4 times dichotomously branched,
pale green. Leaves subapproximate, spirally

Huperzia carinata (Desv. ex Poir) Trevis — 1,
habit; 2, sterile leaf* 8, part of fertile spike; 4, fer-
tile leaf with sporangium.

whorled in 6-8 rows, ascending to appressed, ses-
sile; lamina lanceolate-subulate, 7-13 mm x 1-1.3
mm, base decurrent, margins entire, apex acute,
grey-green to yellowish-green, subcoriaceous, mid-
rib distinet, keeled. Strobili terminal, cylindrical,
4-8 ¢m x 2.5-4 mm, more or less distinctly demar-
cated from vegetative parts of the stem, not
branched; sporophylls in four rows, ovate to ob-
long-subdeltoid, 4-5 mm long, as broad as the
sterile leaves or broader, sharply keeled, acumi-
nate, rather appressed; sporangium borne at the
base of the sporophyll, sessile, reniform, smooth,
vellow. Spores triangular, trilete, 40 pm in diame-
ter, granulated.

Growth and development Gametophytes of
H. carinata have rarely been observed. The spore
walls of Huperzia Bernhardi are highly resistant
and the spore may germinate only after a long
time, developing into a slowly maturing, my-
cotrophic, subterranean (or in the substrate when
epiphytic) gametophyte. After developing anthe-
ridia and archegonia, fertilization takes place and
sporophyte development can begin,
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Other botanical information The Lycopodi-
aceae do not have close affinities to other groups.
In older views there was only one genus, Ly-
copodium L. At present, although there is no gen-
eral agreement, 3 genera have been separated
from Lycopodium, bringing the total to 4 (some-
times, however, splitting goes as far as 12 genera).
Huperzia is now the largest genus and comprises
about (200-)300(—400) species which are, however,
difficult to distinguish due to the wide plasticity of
the characteristics. Its diversity is highest in trop-
ical evergreen montane forest. In older literature
Lycopodium laxum C. Presl (synonyms: H. cancel-
lata (Spring) Trevis., H. laxe (C. Presl) T. Sen &
U. Sen, Phlegmariurus cancellatus {Spring)
Ching) is mentioned as a synonym of Lycopodium
carinatem but is now sometimes considered a dif-
ferent species. It iz possible that specimens of
Thailand might belong to that species.

Ecology H. carinate is an epiphyte on tree
branches, occurring from sea-level up to 1000 m
altitude.

Propagation and planting X, carinata is un-
commonly found in cultivation, but is easy to
grow. It can be propagated by stem cuttings. [t
cannot be grown in soil; suitable growing media
are, for example, sphagnum peat, pine bark and
charcoal. The potting mix should be well drained,
providing plenty of aeration around the roots.

Husbandry Hanging containers are particular-
ly suitable for H. carinata. Wet and shady condi-
tions are necessary. Application of liquid fertilizer
such as fish emulsion, seaweed extract or soluble
fertilizer stimulates growth.

Diseases and pests Although no serious dis-
eases and pests are known, occasional use of a sys-
temic fungicide and insecticide are recommended
to keep the plants healthy. Sometimes, fern scale
can cause damage and slugs and snails eat the
tips of young shoots.

Genetic resources and breeding No¢ germ-
plasm collections or breeding programmes of H.
carinate are known to exist. In Australia it has
the status of endangered species.

Prospects Lycopodioids are much sought after
for subtropical gardens and as indoor plants. Any
species, including H. carinate, that is easy to grow
has potential as an ornamental, and germplasm
collection is urgently recommended. It is worth-
while searching for possibly interesting alkaloids
in the plant tissue and if found, cultivation of H.
carinata on a larger scale will need further re-
search.

Literature |1l Alston, A H.G., 1951. Lycopodi-
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T. Boonkerd

Huperzia phlegmaria (L) Rothm.

Feddes Repert. Spec. Nav. Regni Veg. 54: 62
(1944).

LyCOPODIACEAE

2n =272

Synonyms Lycopodium phiegmaria L. (1753),
Urostachys phlegmaria (L.) Herter ex Nessel
(1939), Phlegmarivrus phlegmaria (L.) Holub
(1964).

Vernacular names Common tassel fern, coarse
tassel fern, Queensland tassel fern (En, Aus). In-
donesia: kumpai rantai {general), kumpai rante,
kumpai pure (Sundanese). Philippines: tagigongai
(Negros), tagolailai (Tagalog), talironghai (Bi-
saya}. Cambodia: kompoi kmeng. Thailand: chong
nang khli (south-western), klet nakkharat (north-
eastern), yom doi (central). Vietnam: rleelu claajy.

Origin and geographic distribution H. phleg-
marie is distributed in the Old World tropics,
from Africa, Madagascar, India and Sri Lanka
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throughout South-East Asia to Taiwan, Japan,
Ryukyu Islands and Australia. In and outside its
distribution area it is also cultivated as an orna-
mental, e.g. in Indonesia and the Philippines.

Uses H. phlegmaria is used as an ornamental,
commonly grown as a hanging plant. It is used to
wash hair in the belief that it stimulates hair
growth.

Production and international trade H.
phlegmaria is mainly collected from the wild and
sold on local markets, but statistics are not avail-
able.

Properties In China, the following chemical
compounds were found in H. phlegmaria: the al-
kaloids lycodoline, lucidioline and lycopoedine and
the flavonoid apigenin. The use in South-East
Asia of H. phlegmaria to stimulate hair growth is
based on signature only.

Description An epiphytie, repeatedly forked,
pendulous herb, up to about 2 m long. Stem pen-
dulous, (15-)40-80(-190) cm x 1-2.5(-5) mm, 14
times branching into two equal branches at irreg-
ular intervals, brown, dark and lustrous in the

Huperzia phlegmaria (L) Rothm. - 1, apical part
of a branch with stroboli; 2, sterile leaf; 3, detail of
strobilus with fertile leaves and sporangia.

oldest parts, paler near the growing point, coarse.
Leaves subdistant, slightly twisted, spirally
whorled in 4-8 rows, spreading, subpetiolate; lam-
ina triangular to ovate-lanceolate, 4-15(-30) mm
% 2.5-7 mm, base r