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Abstract: Plants of Dictyostega orobanchoides arise from about 1 mm thick rhizomes, which are densely cove-
red by sessile, imbricate, peltate scale leaves. The resulting interfoliar spaces are inhabited by fungal hyphae up
to 6 um thick, often developing vesicle-like bladders. The fungus also colonizes the tissue of the scale leaves,
inter- as well as intracellularly, forming vesicles but no arbuscules, and it even penetrates the vascular bundles
of the leaves. The rhizome itself does not become infected. The 200 um thick roots emerge from the rhizome
and have a 2-layered cortex and voluminous rhizodermis, which both are delicate and often disrupted or mis-
sing. In contrast, the strongly reinforced, tertiary endodermis and the central cylinder are durable and have a con-
siderable tensile strength. Although the roots grow through the hyphal masses in the interfoliar spaces when
emerging from the rhizome, they only become infected from the rhizosphere. A collar of rhizomogenous tissue
hinders the interfoliar hyphae from direct contact to the roots. Only within the rhizodermis, the mycorrhizal fun-
gus builds coils of heteromorphic hyphae, arbuscule-like structures, and vesicles. Hence, the mycorrhiza in D.
orobanchoides is assigned to the arbuscular mycorrhiza. It is hypothezised, that the ephemeral mycorrhizal tis-
sue combined with the durable vascular system of the roots is a strategy to avoid the high costs of protecting the
large rhizodermal surface area. The rhizomogenous collar is explained as an extra protection to the tender, young
roots, when emerging from the rhizome. The necessity to include other subterranean plant organs along with the
roots in future mycorrhizal studies is emphasized.

Key words: Dictyostega, Burmanniaceae, root structures, rhizome structures, arbuscular mycorrhiza, myco-he-
terotrophy.

In April 1837 John Miers collected close
to Rio de Janeiro a curious, achlorophyllous,
almost leafless plant, with a slender, rarely
branched stem, bearing a terminal bifurcate,
cincinnous (scorpioid cyme) inflorescence
(Miers 1841). This specimen is mentioned in
an unpublished manuscript by Miers as ‘Dict-
yostegia orobanchoides’, but was first publis-
hed as Apteria orobanchoides (Burmannia-
ceae) by Hooker (1840). Miers transferred it
(1840, 1841, erroncously as ‘orobanchioides’)
to Dictyostega. Since then, Dictyostega spe-

cies became mentioned in several taxonomic
reports under various synonyms (Seubert
1847, Bentham 1855, Karsten 1858, Engler
1889, Warming 1901, Jonker 1938) until Maas
(1981) merged them into one species (Dictyos-
tega orobanchoides (Hook.) Miers) compri-
sing three subspecies (full descriptions in
Maas et al. 1986). They occur throughout the
Neotropics from Mexico to Bolivia and sout-
heast Brazil, from sea level to 2600 m (Maas
et al. 1986). Anatomical investigations were
only made by Johow (1889) and Riibsamen



240 REVISTA DE BIOLOGIA TROPICAL

(1986), who both concentrated on embryology.
However, achlorophyllous plants require an
explanation of how they provide for their car-
bon. The answer to this question should be
found in the subterranean organs, and be either
of parasitic (Weber 1993) or of myco-hetero-
trophic (Leake 1994) nature. Only Johow
(1889) gave a short description of D. oroban-
choides’ root anatomy, but did not mention the
root fungus. Despite the frequent demands for
more investigation of myco-heterotrophic
plants, particularly on species not in Orchida-
ceae and Monotropaceae (Hadley 1986, Leake
1994, Smith and Read 1997), we are only gra-
dually learning more on that subject. In a series
of papers on achlorophyllous Gentianaceae
(Imhof et al. 1994, Imhof and Weber 1997,
Imhof 1997, Imhof 1999a), Triuridaceae (Im-
hof 1998a) and Burmanniaceae (Imhof 1999b,
Imhof 1999c) it became evident that the my-
corrhiza of these myco-heterotrophic plants are
highly diverse, but have many features in com-
mon, suggesting an arbuscular mycorrhiza. The
combination of an obligate biotrophic fungus
and an achlorophyllous ‘host’ seems to be con-
tradictory, but has been discussed to be concei-
vable (Imhof and Weber 1997). This article
aims to elucidate the mycorrhiza of Dictyoste-
ga orobanchoides, the first species in this se-
ries of papers to have a typical rhizome.

MATERIALS AND METHODS

About 40 plants of Dictyostega orobanchoi-
des (Hook) Miers ssp. parviflora (Bentham)
Snelders and Maas were collected in February
1995 in a rainforest in Estado Bolivar/Venezuela,
coordinates N05°57°44”/W61°30°14”, ca. 700
m above sea level (Herbarium of Stephan Imhof
No. 173). Representative duplicates are deposited
in the Herbarium of the Universidad Central, Ca-
racas.

The plants were carefully extracted from
the subtrate, and either preserved as herbarium
specimen or immediately fixed in FPA (37%-
Formalin : Propionic acid : 50%-Ethanol at
0.5: 0.5: 9) and later transferred into 70%-Et-

hanol for storage. After dehydration in an as-
cending ethanol-series, rhizomes and root sam-
ples of about 5 randomly selected specimens
were embedded in Unicryl™ (British Biocell
Int.). The hardened, embedded objects were
cut in 2-5 um sections (Reichert/Jung Supercut
2065), stained with 1% Toluidine Blue O-Solu-
tion after Krause (1927), and preserved in Cor-
bit-Balsam as permanent slides. Suberin and
cutin were detected in freehand sections of fi-
xed material by using a saturated solution of
Sudan IV in 70% ethanol, differentiated with
glycerol. Starch was demonstrated using an io-
dine-potassium iodide solution (Johansen
1940). Lignin was also tested in freehand sec-
tions with Phloroglucinol/HCI (Jensen 1962).

Samples for scanning electron micros-
copy were dehydrated through ethylene glycol
monoethyl ether, washed twice in acetone,
dried by the ‘critical point method’ (Anderson
1951), and coated with gold in a Balzers
Union Sputter Coater.

RESULTS

Dictyostega orobanchoides ssp. parviflo-
ra grows superficially in an array of loose
substrates from sand to organic litter, often on
decaying wood. At the collection site it was by
far the most frequent achlorophyllous plant
species, tending to occur in clusters.

The subterranean part consists of an up to
1 mm thick rhizome, found to be up to 4 cm
long, densely covered with imbricate, narrowly
ovate, long acuminate scale leaves that are
rounded at the base. The scale leaves are frin-
ged with cilia and sometimes bear small hairs
on the abaxial side (morphological lower side,
Fig. 1). The rhizomes directly transform into
the epiterraneous stem, a transition which is ea-
sily characterized by the wider scale leaf spa-
cing on the stem (Fig. 2), and a noteworthy
change in the mode of scale leaf insertion: in
contrast to the also sessile but rather broadly
inserted scale leaves of the stem (Fig. 2), the
rhizome scale leaves are peltate (Fig. 3). Rhi-
zomes as well as stems do branch occasionally.



INTERNATIONAL JOURNAL OF TROPICAL BIOLOGY AND CONSERVATION 241

The dictyostelar vascular cylinder of the
rhizome consists of sometimes leptocentric,
but mostly indistinctly built, bundles. The
bundles show strong reaction to phlorogluci-
nol/HCL, proving that they are lignified. In
contrast to the gaps created by the leaf traces,
vascular bundles linking to roots do not leave
gaps in the vascular cylinder. The pith as well
as the cortex is made up of isodiametric pa-
renchymatic cells containing starch grains
(Fig. 4). The cells of the epidermis are smaller
and have a thick external cutin layer.

Fig. 1. Rhizome of D. orobanchoides densely covered
with imbricate, peltate scale leaves. One leaf is detached
(arrow, see Fig.3) for better visual distinction of the over-
lapping leaves. Bar = 0.5 mm.

Fig. 2. Transition from rhizome to shoot in D. orobanchoi-
des, marked by the wider leaf spacing and the broadly in-
serted, sessile leaves on the shoot (arrow). Bar = 0.5 mm.

Fig. 3. Peltate scale leaf of D. orobanchoides detached
from the rhizome (see Fig.1). arrow = scar of detachment.
Bar = 0.5 mm.

Fig 4. Cross section of a rhizome of D. orobanchoides,
showing the cells of pith and cortex, inside and outside the
vascular cylinder (arrowheads), filled with starch grains.
The overlapping leaves (small arrows) create interfoliar
spaces. Bar = 500 um.

The inner tangential walls of the abaxial
scale leaf epidermis cells and the walls of the
subsequent hypodermis show strong, lignified
cell wall depositions. The adaxial scale leaf
epidermis is not thickened, but its cells are of-
ten filled with an unknown, darker material
(Fig. 5). Due to the imbricate and peltate natu-
re of the scale leaves, up to three layers of leaf
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blades may cover the rhizome (see Fig. 4). Ac-
cordingly, up to three interspaces can be pre-
sent between rhizome and the covering scale
leaves. These spaces contain masses of inter-
mingled, aseptate fungal hyphae, up to 6 um
thick, frequently producing vesicle-like blad-
ders (Fig. 6). Moreover, those hyphae penetra-
te the adaxial leaf epidermis, preferentially co-
lonizing the cells with the darker content. They
also can be seen deeper in the leaf tissue, either
intercellularly or building intracellular coils of
thick hyphae and vesicles, and may even colo-
nize the vascular bundle (see Fig. 5). Arbuscu-
les were not found in leaf tissue, and neither
was degenerated fungal material as found in
the roots (see below). The fungus does not pe-
netrate the rhizome epidermis.

Fig. 5. Close-up of rhizome with starch grains (rh) and
scale leaf (I) of D. orobanchoides in cross section. The
hyphae present in the interfoliar space (if) penetrate the
leaf tissue either intracellularly (c) or intercellularly (small
arrows), and may even infest the vascular bundle (arrow-
heads). Some cells of the adaxial leaf epidermis are filled
with a darker material (see the cells marked with c¢), prefe-
rentially colonized by the hyphae. Bar = 50 um.

Fig. 6. Tangential section through the rhizome (rh) and se-
veral imbricate leaves (1) of D. orobanchoides. Note the
hyphal masses in the interfoliar spaces (if). Some of the
leaf cells are already colonized (arrowheads). v = vesicle.
Bar = 100 um.

Rhizome-borne roots breaking through the
leaf layers necessarily have to grow through the
hyphal layers in the interfoliar spaces too, but an
infection of the roots there was never found. A
collar of tissue, growing from the rhizome but
lacking starch grains, envelopes the roots at
their base, seemingly protecting them from such
a direct infection (Fig. 7). Hence, the roots must
become colonized from the rhizosphere, not
from the interfoliar spaces.

The about 200 um thick and up to 5 cm
long roots tend to emerge in tufts from the rhi-
zome (Fig. 8) and can branch repeatedly. Short
root hairs were only observed where the root
has grown around an obstacle, as suggested by
its curved shape (Fig. 9). Rhizodermis and cor-
tex outside the endodermis are very delicate
and frequently disrupted. Observations with a
large scale microscope revealed large parts of
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the root bare of cortex and rhizodermis (Fig.
10). The remaining endodermis and central cy-
linder prove to have considerable tensile
strength when handled with tweezers, conside-
ring the otherwise tender character of the plant.

Fig. 7. Tangential section through the rhizome (rh) of D.
orobanchoides showing leaf tissues (1) and two emerging
roots in cross section (r1, r2). Note the collar of tissue (co)
around rl. r2 is cut where the root already has left the im-
mediate vicinity of the rhizome and, thus, no collar hinders
the fungal infection (f). Bar = 250 um.

The lignified central cylinder of the roots
consists of a single, relatively voluminous ves-
sel, next surrounded by a ring of smaller tra-
cheary elements and subsequently by a cell la-
yer often containing cytoplasmic content and
missing the helical or reticulate thickenings of
the tracheary cells underneath. However, the
arrangement of the tissue surrounding the cen-
tral trachea may be blurred. The endodermis
cells have exceptionally strong, lignified, u-
shaped thickenings, leaving a small cell lumen
only. Two layers of small cells with no visible
content follow outside the endodermis. The
most spacious part of the root is occupied by
the rhizodermis (Fig. 11).

Fig. 8. Rhizome (rh) of D. orobanchoides with the roots
emerging in tufts. Bar = 1 mm.

Fig. 9. Root of D. orobanchoides with root hairs only oc-
curring where a former obstacle can be assumed. Bar =
200 pm.

Fig. 10. Disrupted rhizodermis and cortex of a root of D.
orobanchoides. The central cylinder surrounded by the en-
dodermis (arrow) is still intact. Bar = 100 um.
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Fig. 11. Cross section of a root of D. orobanchoides sho-
wing the central vessel (*), surrounded by a ring of tra-
cheary elements and the pericyle, the endodermis (e), two
layers of cortex cells (¢) devoid of hyphae, and the volu-
minous cells of the rhizodermis (r), heavily infested with
the mycorrhizal fungus. Many hyphae, seen as small cir-
cles in cross section, are still of definite shape, but dark
stained clumps of degenerated fungal material are also vi-
sible (arrowheads). Bar = 100 um.

Fig. 12. Longitudinal section of a root of D. orobanchoi-
des. Note the coils, arbuscule-like structures, and the vesi-
cle in the rhizodermis (r). cc = central cylinder (broken
out), ¢ = cortex. Bar = 100 um.

Penetrations of the rhizodermis by the my-
corrhizal fungus show, if at all, only small ap-
pressoria. The exclusively intracellular hyphae
are restricted to the rhizodermis cells only (see
Fig. 11), building rather heteromorphic coils.
The frequently branched hyphae can range bet-
ween 2 and 7 um in diameter. Parts of the coils
can have an arbuscular-like appearance and ve-
sicle-like bladders do occur. Such arbuscules
and vesicles are often found together within
one cell (Fig. 12). Thinner hyphae seem to de-
generate quicker than thicker ones, resulting in
clumps of amorphous fungal material (see Fig.
11 and 12).

DISCUSSION

The root and rhizome structures of Bur-
manniaceac have been classified by Johow
(1889), Goebel and Siissenguth (1924) and
Maas et al. (1986). They chiefly agree on th-
ree main types:

1. Tubers in combination with filiform roots
in some Thismia species (Poulsen 1890,
Warming 1901, Goebel and Siissenguth
1924).

2. Thick, succulent, vermiform roots occu-
ring in other Thismia species (e.g. Groom
1895, Campbell 1968, Pfeiffer 1914, Ber-
nard and Ernst 1910) as well as in Bur-
mannia tenella (Imhof 1999b).

3. Only slightly swollen, foliose rhizomes in
combination with long, filiform roots ob-
served in most Burmanniaceae (A4pteria,
Burmannia, Cymbocarpa, Dictyostega,
Gymnosiphon, Hexapterella, Marthella,
Miersiella).

Intermediate forms occur as well, since
Maas et al. (1986) reported the occurrence of
fusiform tubers at the end of roots of Burman-
nia alba and B. grandiflora, and of a cylindric,
tuberous rhizome of Campylosiphon purpu-
rascens.

Despite their unequal subterranean structu-
res, these species, as far as investigated, often
share many mycorrhizal features, concerning
size and appearance of hyphae and vesicles, as
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well as the intracellular mode of infestation.
This is particulary the case in the mycorrhiza
in Dictyostega orobanchoides, which strongly
resembles the one in Burmannia tenella. But
compared to B. tenella, the roots of which ha-
ve a large mycorrhizal cortex parenchyma (Im-
hof 1999b), D. orobanchoides with its single
mycorrhizal root layer needs longer and/or
more roots to lodge a similar amount of the nu-
trimental mycorrhizal tissue (see Imhof
1999b). A reinforcement of the accordingly
much larger rhizodermal surface area would be
quite costly, and in fact, the rhizodermis of D.
orobanchoides, after all hosting the nourishing
fungus, is not visibly protected, very delicate
and frequently disrupted. But this strategy of
having an ephemeral mycorrhizal tissue, es-
sentially depends on a reliable transporting
system, transferring all the carbohydrates, wa-
ter and nutrients acquired by the mycorrhizal
rhizodermis to the rhizome for storage, inde-
pendent of wether the unprotected rhizodermis
and cortex are still present or not. Therefore,
the great tensile strength of the endodermis-
/central cylinder complex is of eminent ecolo-
gical importance. In compliance with its func-
tion to convey the matter from root to shoot
rather than the opposite direction, the central
cylinder of D. orobanchoides mainly consists
of tracheary elements. The only remaining la-
yer, surrounding the tracheary cells, can either
be pericycle or phloem, one of which must ha-
ve been abolished. Because phloem tissue, re-
garded to supply tissues with carbohydrates,
seems senseless where the carbohydrates are
provided by the mycorrhizal fungus close by,
and because the roots of D. orobanchoides do
branch frequently, requiring a meristematic tis-
sue, the concerned layer must be pericyle.
Confirmatory, Hirce and Finocchio (1972) also
recorded reduced phloem tissue for the likewi-
se myco-heterotrophic Monotropa uniflora.
Especially achlorophyllous, mycotrophic
plants, which essentially rely on their mycorr-
hiza, cannot afford to waste or overuse their
mycorrhizal fungus (Imhof 1998b), and, co-
rrespondingly, mycorrhizal structures were
found in myco-heterotrophic plants allowing a

sustained benefit from the endophyte for the
plant (Imhof 1997, Imhof 1998a, Imhof
1999c¢). Likewise, it would appear as an ele-
gant and sensible strategy, if young roots
emerging from the rhizome of D. orobanchoi-
des were supplied with the mycorrhizal fun-
gus simply by growing through the layers of
hyphae present in the interfoliar spaces. But a
fungal infection, even a mycorrhizal one, of
the immature root tissue, might be hazardous,
and malfunction of especially the central cy-
linder (see above) in this situation would be
fatal to the whole absorbing system. Hence,
the extra protection by the rhizomogenous co-
llar might be an essential feature. The neces-
sary mycorrhizal infection must happen from
the rhizosphere, where the root hairs, probably
selectively developed where roots contact so-
me adequate substrate, might help in the pro-
cess of fungus acquisition. This phenomenon
has already been shown in Voyria aphylla (Im-
hof 1999a).

Like in Burmannia tenella, the vesicles
and arbuscule-like structures suggest an arbus-
cular mycorrhiza for D. orobanchoides. In B.
tenella (Imhof 1999b), it was speculated that
the earlier digestion of thinner hyphae while
keeping the thick hyphae functional for longer
might serve for some hyphal maintenance wit-
hin the roots. This could hold for D. oroban-
choides too. But the extensive interfoliar spa-
ces on its rhizome, provided by the imbricate
and peltate scale leaves, inhabited by fungal
hyphae, may represent an additional, more
structural adaptation in order to facilitate fun-
gal conditions. Since, moreover, the leaf tissue
becomes colonized without signs of fungal de-
generation, in contrast to the hyphae in the rhi-
zodermis, the interfoliar spaces seem even mo-
re to be a favourable place for the fungus. The
darker material in cells of the adaxial epider-
mis might play some nourishing or attracting
role in this regard. Provided the root fungus
and the fungus in the interfoliar spaces are
identical, which is not proved but highly pro-
bable, the described mycorrrhizal pattern can
once more be interpreted as a sustained or at
least prolonged use of mycorrhiza: the rhizome
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with scale leaves may serve for fungal attraction
and retention, resulting in a fungal rich ‘rhizo-
mosphere’. This promotes the infection of the
roots sent therein, and in the rhizodermis the
hyphae become digested. Eventually, the diges-
ted matter is transported to the rhizome for sto-
rage through the durable central cylinder/endo-
dermis complex. Interpretation of anatomical or
morphological structures in terms of function
inevitably stays speculative. This, however,
must not deter us from bringing up hypotheses
about possible purposes of structures, always
led by the principle of the least complicated ex-
planation. Physiological investigations are re-
quired to test the raised hyphotheses, if neces-
sary under developing suitable techniques.

There are only few other reports of my-
corrhizal fungi in leaf tissues (Taber and Trap-
pe 1982, Stasz and Sakai 1984, Mago et al.
1993, on Zingiberaceae), also describing see-
mingly beneficial associations for the fungi in
rhizome leaves, notwithstanding their entirely
different structures in the roots. These data ex-
tend our knowledge on the diversity of my-
corrhizas. Hence, it is strongly recommended
to include any subterranean, and even epiterra-
nean (see Imhof 1999c), tissues in our search
for mycorrhizal structures, something which
has been largely neglected in the past.
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