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The perennation of orchids is poorly understood, in
particular that of the Orchidoidee. The understanding of

perennation in the Orchidoidae is important because the
root-stem tuberoid is used as the one character defining the
Orchidoidae as a monophyletic group. The root-stem tuberoid
has never been examined for variation before. This project
focuses on perennial growth in the Diseae in order to study
the structure and function of the root stem tuberoid in
relation to other organs and to contribute to the

understanding of Orchidoid phylogeny.

. INTRODUCTION
Most temgperate monocotyledons have evolved underground
resting or perennating organs for the climatically
unfavourable season (Holttum 1835). A ﬁeriod of underground
existence may allow a plant to escape unfavourable
conditions, to counter environmental uncertainty, and to
build reserves for flowering episodes (Calvo 188@8). This is
especially evident in the temperate members of the

Orchidaceae and is made possible through sympodial growth

" (Withner/1974). Not all temperate orchids have a resting

period although they do have sympodial growth and do

perennate. Nevertheless, a number of manifestations of this

"resting"” period are possible as laid out by Pate andADixon
(1982) but a general pattern can be distinguished. Each
manifestation is a "variation on a theme” (Holttum 1955).

The research field
So far, little work has been conducted on the perennial
growth strategies of the Orchidoidae. The most comprehensive
study in this field was }ps{/done in 1938 by B. C. Sharman
who studied the development of the sinker in Orchis aascula
(Orchidaceae). He found that perennation arises through the
formation of axillary buds found in the axils of scale
leaves in the aerial component of the plant. The base of the
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bud tuberizes and the whole structure is extended away from

the parent plant through elongation of the base of the bud.
Similar mechanisms have been described sonéwhat briefly by
Pate and Dixon (1982) for Pterostylis vittata and by
Dressler (19815/ Calvo (1999) conducted a four year étudy on
growth and rep Bduction of Cyclopogon cranichoides E
(Orchidaceae). In this study the development of the plants
was monitored in terms of vegetative and reproductive growth
and fruit set related to the next year’'s reproductive
success. Calvo (1998) found that some plants “disappeared”
for a period of one or more years and then reappeared with
renewed reproductive vigour. He concluded that smaller
plants ére likely to skip above ground growth until such
time as they have accumulated enough reserves to reproduce

‘successfully.

Calvo (1980) mentions that a few terrestrial orchids have a.
subterranean juvenile stage that is associated with
mycorrhiza (Stqutamiggwlgzgifﬂellg_1981 from Calvo 19908).
Salmia (1989) found that mycorrhizal infection in the
cortical cells of the root sssisted green and chlorophyll-
free individuals of the orchid Epipactis helleborine in
receiving nourishment. Further, he also found that the
mycorrhiza may be digested by the plant and converted to
starch for subsequent use. On the other hand, the fungus may
attack the plant should it not be sufficiently resistant to
infection (Salmia 1988).

The root-stem tuberoid
An interesting'case is the so-called root stem "tuberoid”
fgggg‘ggggggggig; in the subfamily Orchidoideae (Dressler
1981). Dressler (1981) defines the root-stem tuberoid of the
Orchidoidae as largely storage roots, but with the basal
portion having a sheath of root structure around a core of
stem structure with an apical bud. This is the structure

that survives the dormant season and in the growing season



the bud grows into a new shoot, with one of the axillary
buds for;ing a new tuberoid, which will be_the next resting
phase (Dressler 1981). In the Orchidae and the Diuridae, the
tuber01d has several vascular cylinders and so are
polystellc, "ag though several roots were grown together in
one skin," (Dressler 1981:28). However, the anatomy of the
tuberoid is only knowh from a few genera in the Orchidae
(Rasmussen 1885).

| The Disinae
The subfamily, Orchidoidae, are generally accepted as a
monophyletic group: including all terrestrial orchids which
perennate by root- stem tuberoids and which have basally
attached anthers (Rasmussen 1885; Linder 1986). The root-
‘stem tuberoid is therefore an important character. In their
chapter on orchid anatomy, however, Withner et al. (1874) do

not mention the anatomy of the root-stem tuberoid.

Within the Orchidoideae, there are two tribes, the Orchidae.
and the Diseae (Linder 1888). Within the Diseae there are
three subtribes, the Satyriinae, the Disinae and the
Coryciinae (Linder 1888). The classification of these
subribes is based largely upon floral characters, ths
position of the anther being the most notable character.
This project concentrates on the tuberoids of the Disesae, in

particular those of the Disinae represented by Disa

uniflora.

Disa vniflora occurs on Tabie Mountain on the Cape Peninsulsa

and gégén inland, on the mountain ranges that run north from

the Hottentot s Holland mountains, through Franschoek and C“”fi%
the Ceres mountains to the Cedarberg (Schelpe 1888). Unlike (é//ﬁw
most of the geophytes of the south-western Cape which grow hey
during the wet winter, flower in spring, and lie dormant

during the dr& summer and early autumn, Disa uniflora has no
dormant phase (Schelpe 1960). In fact, Disa uniflora has its

pesak reprgductive phase in summer from January to March. The
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fact that Disa uniflora does not need a dormant or resting
phase as in Cyclopogon cranichoides (Calvo 189@) in order to
recuperate and accumulate reserves is intefesting. A
herbarium specimen (Pillans 2712, BOL) showed remains of two

old flowering stems, propf that it had flowered for three

consecutive seasons. l}

Using Disa uniflora as an example, the aim of this project
is to understand its perennation mechanism, in the light of
general patterns of perennation in monocotyledons, and to

1
examine the variation in tuberoid anatomy within the Diseae.

Research quesfioﬁs
In order to understand perennatioﬁ in Disa uniflora, several
questions are addressed in this project. Firstly, what is
the vegetative morphology of Disa uniflora like/? Secondly,
what strategy does D. uniflora adopt to form the next
season’'s growth and which structures are involved in this
strategy? Thirdly, how do the annual and perennial,
structures differ? If the Orchidoidae display sympodial
growth as do all the orchids (Holttum 1855), one would
predict that the antomies of the annual and perennial
components differ. Further, it can be predicted that the
tuberoid should have the anatomy of the parent tuberocid.
Egurthly, the question, where are the mycorrhiza housed and
wh££"§;‘EEEE;_§EEB€EBn in perennation? is asked. Finally,
where and what is the variation in tﬁberoid anatomy within

the Disesne?

MATERIALS AND METHODS
Disa uniflora was collected in late summer from the Cywes’

nursery as well as from wild populations in Nursery Ravine

on Table Mountain.

Plants in various stages of development were fixed in FAA

for at least 24 hours. For analysis of vascular arrangement



the tissue was dehydrated in a Sakura tissue processor. The

dehydration run was as follows:

1. 2 x 70% Ethyl alcohol (EtOH) 8 hours each
(this is necessary to wash out FAA)

2. 2 % 10@% EtOH 8 hours each
(to dehydrategthoroughly)

3. 2 X n-propanol 8 hours each
4. 2 * n-butanol 8 hours each
5. 1 % paraplast_ | 12 hours

(to clear the n-butanol)

6. 1 x paraplast | 48 hours.

(to make sure that the n-butanol has been cleared and more
importantly to ensure that the wax impregnates the

specimen. )

The sections were then embedded in paraplagE)gThe tissue was

sectioned at 10um(£§?‘ﬁ€§f‘tissue analyses>in a Leitz rotary

microtome. I

Tuberoids of Disa uniflora were prepared differently for
analysis since their large and soft-walled cells prevented
the above procedure from being effective. The tuberoids were
fixed in FAA for at least 24 hours and were then sectioned
at:40um—lﬁﬂum with a Leitz freeze microtome using Stephen’'s
gum as a mountant. The tuberoids of Corycium orobanchoides,
Disperis villosa, Schizochiles cocilii and Satyrium humile
were examined from hand sections which were stained with

either iodine or Sudan 1IV.

.The sections were expanded using 1% formalin and adhered
onto slides using Haupt‘s adhesive. They were then stained
with safranin and fast green for vasculature, meristem and
‘tissue layers. The staining procedure was executed as
follows: ‘ |

1. Xylene x 2 S5 min each

(this step ensurss that the wax is removed off the slide)



‘2.‘He£hy1 cellosolve 2 nin esach
(partial dehydration) |

3. 98% EtOH * 2 2 min each
(dehydrates the specimen)

4. Safranin | c 30 min (or longer)

(safranin stains the specimen for lignified tissue and

nuclei.)

5. distilled water brief rinse
(to wash off the excess stain)

8. Methylcellosolve 1-2 min
(clears the specimen and dehydrates)

7. Fast green 1 min (at most)
(stains for cell walls (cellulose))

8. 96% EtOH brief rinse
(dehydrates partially)

8. n-butanol * 2 1-2 min each
(dehydrates completely)

18. Xylene x 2 S min each

(clears, cleans and dehydrates the specimen for mounting.)
The specimens were mounted in DPX. In order to stain for

myccorhiza, a Trypan Blue stain was used.

Micrographs were obtained using a Zeiss axioskop. The film’
used_was FP4. Differential interference contrast optics were
used in order to snalyse vascular anatomy in the sections.
Sections that could not be photographed owing to their

thickness (eg. tuberoids) or size were drawn using a Camera

Lucida.

OBSERVATIONS
The ﬁorphology of Disa uniflora
Disa vniflora consists of a perennial and snnual component.
The tuberoid, the roots and the underground and above
ground perennial stems comprise the perennial component
(fig. 1). The tuberoid may be described as ovoid or spheroid

in shape. The parent tuberoid, once most of the energy
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.reserves have been translocated into the renewal shoot, is
flaccid and dark while the new tuberoid is firm and lighter
in colour than its parent. The upright perénnial sten has
about 8 to 10 nodes. The underground stem arises from the

first node of the upright perennial stem above the tuberoid

and gives rise to a neq direction of development. Typical of
sympodial growth, axillary buds develop in the scale leaves
of the second, fourth and sixth nodes above the tuberoid
(fig. 5a). A leaf forms at each nodﬂ and two to three
unbranched adventitious roots, which are about ©0.2cm in

thickness, at each internode. |

An apical bud gives rise to the inflorescence stem in spring
(fig 1 and fig 2). Flowering coﬁmencés in January and ends
sometimes as late as March (Schelpe 1860). The inflorescence
stem dies back at the end of the flowering season in late
summer. This then is the annual component of the plant. The
annual stem is also noded, having between 6 to 10 nodeé.

Leaves arise from the base of the nodes and they vary in

length from 5@cm to 12@cnm.

Renewal shoot strategies

The development of the renewal shoot occurs in three

different ways:

(i) Numerous tuberoidless small plants may coppice off from
the second, fourth and sixth node of the rhizome sbove the
parent tuberoid to form a cluster (fig 3). This only occurs
if the tuberoid is large enough to sustain seversal

generations of renewal shoots. Three generations of renewal

shoots may be supported by one tuberoid.

(ii) An uderground stem, or rhizome, may develop from the
first node of the parent rhizome to give rise to a renewal

aerial shoot (fig. 4a,b). These rhizome branches give rise

to a new direction of developmeﬁt.
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Figure 2. Longitudinal section through a rensewal shoot of
Disa uniflora. The apical bud, (AP), gives rise to the
inflorescence stem in spring.









(iii) The third renewal shoot strategy is the more
recognised and effective one. Axillary buds develop in the
axils of the second, fourth and sixth scale leaves (fig. 5a)
Here the buds can be seen to possess foliar structures. Only
the fourth bud develops, however, to give rise to the
renewal shoot (fig. 5b). The base.of the bud tuberizes and

*elongates to extend the bud away from the parent plant. This

is why the dropper attaching the daughter and parent plant
appears split along its axis (fig. 5b). Once the new shoot

is established, an inflorescence stem develops from an

apical bud.

The anatomy of the annual and perennial structures of Disa
uniflora.

The anatomy of the root '
The roots of Disa uniflora show a classical root anatomy
apart from the fact that no root hairs have been foun?{The
cells of the epidermis are dome shaped in transverse section
and are either cutinized or suberized (fig 6a). Below that
there is a parenchymatous cortex of large undifferentiated
cells (fig B8a). The intercellular spaces between the cells
of the of the cortex are conspicuous (fig 6a). No
sclerenchymatous tissue is evident in the foot although it
is meant to be common in the roots of monocotyledons (Cutter
1871). The outermost layer of the cortex is differentiated
into an exodermis (fig. 8a). The innermost layer of the
cortex is differentiated into the endodermis which is very
visible as a single layer of cells in Disa uniflora (fig
Bb). These c¢ells contain suberin in their radial and
tangential walls which is typical of roots which do not

undergo secondary thickening (Cutter 1971).
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Figure 5(b). Development of the fourth axillary
bud. The new shoot (NS) is suspended from the
old shoot (0S) by means of a dropper (D) which
appears split along its axis. '
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Figure 5(a). The positions of the axillary
buds on the above ground stem of D. uniflora:
Axillary buds develop within the scale leaves
of the second (2N), fourth (4N) and sixth
(not shown) nodes. The first (1N) and third (3N)
nodes remain budless. R, roots; T, tuberoid.
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The pericycle lies just beneath the endodermis and is a
single layer of cells (fig. 8b). The vascular tissues
consist of three to four triangular rays of thick-walled
lignified tracheary elements, alternating with archs of
thin-walled phloem. In the root of D. uniflora (cf. stem),
the xylem and phloem do not lie on the same radius. This is
typical of all root anatomy (Cutter 1871). The xylem forms a
solid central core unlike the roots of many other monocots
(Cutter 1871). The larger metaxylem elements can be sesn in
the center of the vascular bundle while the smaller
protoxylem elements can be seen at the periphery of the
vascular bundle. Differentiation therefore occurs
centripetally gron the7periphery to give an exarch vascular

bundle.

Mycorrhiza are found exclusively in the roots of Disa
uniflora (fig 7). The hyphase form dense tangled masses
within the cells of the cortex of the root and seem to
occupy entire cells. Interestingly, they do not ocecur in
every cell within the root, but infect isolated cells nearer
the proximal end of the root. The presence of the mycorrhiza
causes nuclear hypertrophy (enlargement of the nucleus).
Partly digested hyphae could were evident in a few cells

near the rhizomal end of the root.

The perennial stem
The perennial upright stem (rhizome) shows a polystelic
structure since there are numerous vascular bundles
scattered throughout the cortex (fig. 8). The tracheary
elements are large, angular, well lignified and spirally
thickened. The phloem c¢ells are much smsller than that of
the xylem and are irregularly-shaped. The phloem elements
occur towards the peripheral end of the transverse section,

forming a cap, while the xylem elements occur towards the






Figure 8. The vascular anatomy of the above ground perennial
stem. X, xylem; Ph, phloem; R, root; T, root vascular trace;
C, cortical cells. .
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iﬁside. There seems to be no distinct pericycle although it
is possible that a pericycle does gxist. There is also no
evidence of sclerencﬁyma tissue'associated with the
vascular bundles. Unfortunately, no data of the epidermis
could be obtained since the branching of roots 6ff the

rhizome obscured its surface.

Lateral buds are found in the scale leaves of the second,
fourt? and sixth nodes of the perennial stem as mentioned
above (fig. 5a). An apical bud is also evident in young
shooté (fig. 2). However, this is discussed above with

relevance to renewal shoot growth.

Oil bodies seem to be ubiquitous in the cortical cells of
young shoots and in theé daughter tuberoid (fig 8a), but no
evidence of them can be found in the older shoots. Crystals
called styloids also occur in the cortical cells of the
young stem shoots (fig 9b). Styloids are rod-like crystals
which, in Disa uniflora, form conglomerates to create the

appearance of fairly large crystals.

Infection of the erect perennial stem by mycorrhizal hyphsas

is non-existent.

The underéround perennial stem

10

The underground perennial stem differs little in its anatomy

from that of the erect perennial stem (fig. 10a). The
vascular tissue is markedly similar to that of'the erect
stem in that it is polystelic, the discrete vascular bundles
lying in a ring about the ground tissue (fig. 1@a). The
tracheary elements appear as angular lignified cells which,
once again, occur on the inner side of the bundles while the
the phloem cells form a cap on the peripheral side of the

bundles. No sclereﬁchyma sheath is evident nor a
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clearly defined pericycle. Further, unlike the erect stem,
the oil or starch bodies do not occur in the cortex of the
underground stem. The epidermis consists of one layer of
elongated cells in transverse section which are not

suberized.

The tip of the underground rhizome is a highly meristematic
region, as is the tip of the erect rhizome (fig. 18b). Three
buds, one of which will give rise to the new shoot, can be
seen in the section of the tip of the underground rhizome.

Further, the axillary bud iniation can also be seen in

figure 106c.

The dropper
The dropper shares many features in common with the
perennial stems (fig. 11a). Once again, the center of the
vascular bundle does not consist of a solid core of vascular
tracheary elements but rather has its vascular bundles
arranged in a circle around the periphery of the stele with
the small phloem cells towards the periphery and the xylem
elements towards the inner edge. It does, however share one
feature in common with the root. The cells of the epidermis

are dome-shaped in transverse section as in the root (fig.

11b).

The annual stenm

The annual stem shows the most differentiation of all. The
epidermis consists of one layer of cells bearing papillae on
their tangential walls (fig 12a). Stomata and guard cells
are situated in the epidermis (fig 12b). The stem cortex
consists of thin-walled parenchyma tissue. Several vascular
bundles can be found in this region close to the epidermis.
Below this region there is a layer of elongated cells which
seem to form a pericycle. The central steles are surrounded
by a single sclerenchyma ring which can be seen as stained

green or red (fig 12b and 12c¢). There are two alternating















rings of vascular bundles with spirally tickened walls
within the sclerenchyma ring again surrounding a core of
soft-walled cells (fig 12d). The xylem elements form the
classical Y-shape typical of stem anatomy, with the

metaxylem forming the stem sand the protoxylem forming the

arms. [,/ cd2lcedneu .

The tuberoid anatomy of the orchidoids
1. The subtribe Disinae
The epidermis of the tuberoid of Disa uniflora consists of
three layers of cells which are slightly elongated in
transverse section (fig. 13). The tangential walls are
suberised and give rise to smsall epidermal hairs (not
evident in figure 13 owing to scaie). The tuberoid also has
a curiously undifferentiasted vascular system. It seems to be
monostelic. There is one central vascualar cylinder where
the xylem elements which are spirally thickened and weakly
lignified, almost seem to form a ring although a few
elements aré distinctly apart from the rest. The xylem ring
is bounded by a phloem ring of smaller cells. The two layers
of cellé'surrounding the stele may constitute a pericycle or

larger phloem cells and contain no oil or starch bodies or

glucomannans.

Bounded by the vascular tissues is a parenchymatous core of
large isodiametric cells. These cells are similar to the
cells of the cortex lying just outside the stele. This
ground tissue houses many small oil bodies as well as
crystals called glucomannans. Glucomannans occur in the
large vacuolated regions of the tuberoid cortex but are
absent from the two or three layers of epidermis. They

appear as granular networks and have a papillate surface in

12



phloem;

Figure 13. The anatomy of the tuberoid. X, xylem; P,

CX, cortical cells; S, storage bodies; C, glucomannan

crystals; Ep, suberised epidermal cells.
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Disa unflora. These crystals do not occupy the cortieal
cells. Rather, they form between cells within the
intercellular spaces. The 0il bodies on the other hand, are
housed within the cells themselvss. o

N {
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Interestingly, there is no mycorrhizal infection in the

tuberoid of Disa uniflora.

|

|

2. The subtribe Coryciinse

The tuberoid of Corycium orobanchoides is monostelic,
possessing a stele very similar to that of Disa uniflora
although the phloem cells are indiscrete owiné tolexténsive
crystalisation. The most notable festure of C. orobanchoides
is that the cells of the cortex are densely packed with
starch or o0il bodies. Many styloids are located within and
near the epidermis. The epidermal cells give rise to very

thin-walled and long epidermal hairs.

Disperis villosa shows weak polystely. It has one large
stele and two to three smaller steles, all quite centrsal
within the tuberoid. The xylem elements are much larger than
those of Disa uniflora and Corycium orobanchoides, almost
forming a ring within the vascular bundle. The core of the
large stele is filled with ground tissue which houses o0il or
".starch bodies. The glucomannans occur towards the periphery
of the cortex. The cortical cells near the three steles are
also densely packed with the o0il or starch storage bodies. A

few styloids are evident in the tuberoid.

3. The subtribe Satyriinsae , )
Satyrium humile is strongly polystelic. The small vascular
bundles are evenly distributed in the ground tissue. The

xylem elements are small, lignified and spirally thickened.

The phloem is not very distinguishable. Glucomannans are
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ubiquitous in Satyrium humile, occurring throughout the
cortex. The starch or o0il storing bodies are much smaller
than those found in the rest of the orchidoids mentioned in

this project. Styloids occur in the epidermis.

4. The Orchidae (subtribe Orchidinae)

Schizochiles 5221111 shows a remarkable degree of polystely,
strongly resembling the perennial stem of Disa uniflora. The
vasculFr bundles are arranged in a circle towards the
periphery of the cortex with the xylem on the inside and the
phloem‘forming a cap on the ocuter edge of the bundle. The
distribution of crystals and o0il is even throughout the
cqftexland the epidermis is once agsin an area where many

styloids can be found.

In all the subtribes mentioned above, no evidence of
mycorrhiza was found in one of them. Table 1. below
summarises the distribution of types of tuberoid steles

within the Orchidoidae.



Table 1. The distribution of polystely and monostely within

a few members of

the Orchidoidae

Tribe Subtribe Speciss Type of stely
Orchidae Orchidinsae Schigochiles stqongly
<
ﬁfcilii polystelic
Diseae Disinsae Disa uniflora monostelic
Coryciinae Corycium monostelic
orobanchoides
Disperis weakly
villosa polystelic
Satyriinae Satyrium strongly
humile polystelic
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DISCUSSION

Perennial growth in Disa uniflora

Growth in Disa uniflora is sympodial since successive growth
is made possible by lateral buds on the rhizome. The ways in
which renewal growth is brought about, are variations of a
general pattern of sympodial growth. In orchid stems, the
sympodial habit is ancestral and the monopodial habit is
derived (Holttum 1855). The sympodial habit is primitively
characterised Fy successive growths, each originating from
the base of the preceding one (Holtumm 1855). The initial
portion of the'new growth,‘with its shortened internodes may
form a rhizome or corm at the base of the new growth, or it
may develop difectly into an upright shoot with leaves 'and
determinafe grbwth (Withner et al 1874). This pattern is
simple but has led to some misconceptions which can be seen
in Rasmussen’s (18985) treatment of the tuberoid. Rasmussen
(1885) mentions that the tuberoid has an apical bud which in
the next season will grow into a new shoot, with one of the
axillary buds forming a new tuberoid. In simple terms, this
would mean that the tuberoid itself is a modification of the
rhizome, having indeterminate growth. From the findings of
this study and of that of Sharman (1838), this allegation is
untrue. The true rhizomes, which are both aefial and
underground, are clearly noded and both possess axillary
buds. It is in fact the perennial stem of Disa uniflora, not
the tuberoid as has been suggested by Dressler (18981), which
possesses the apical bud to give rise to the annual sten.
The tuberoid forms after the axillary bud elongates off the
aerial rhizome - it is merely an extension of the rhizome.
The differences between the annual and perennial stem are

clear, although both have a stem anatomy.

The annugl stem differs from the rhizomatous stem in a
number of ways. Firstly, the epidermis is interrupted by
stomata and guard cells which is not found in the rhizomse

anatomy. Secondly, the annual stem has 8 sclersnchyma ring
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which surrounds the stele. The aerial rhizome has neither
sclerenchyma ring nor a pericycle surrounding the steles.
The vascular bundles are mahy as in the annual stem but are
less differentiated, not having the classical Y-shaped xylem
formation of the annual stem.

}
The fact that mycorrhiza are absent from the all other
organs except the root, implies that the roots are the only
organs involved in the uptake of nutrients. This would
suggest that the tuberoid has the sole function of Storage.
Glucomannans seem to be an important carbohydrate storage
product. The smaller storage bodies always referred to must
therefore be 0il and not starch. The presence of the '
styloids in the epidermis of Disa uniflora, Corycium
orobanchoides, Satyrium humile and Disperis villosa might be
important in defensse against fungal atttack. Salmia (1889)
mentions that mycorrhiza may become detrimental to the
plant. Styloids are also evident in the new rhizome. It
would seem that the roots are the only organs in which

infection is allowed.

Why does Disa uniflora not have a resting period? The reason
why storage organs and perennation evolved, was to survive
the dry season in temperate environments (Holttum 1955).
Disa uniflora occurs within a temperate environment but is
restricted moist hﬁbitats, such as on rock faces next to
waterfalls or in high altitude areas which receive mist in
summer (Schelpe 198@8). It can therefore afford to flower in
the driest seasons of the year without any severe cost.
However, if Disa uniflora does not need a resting period,
why does it perennate? Firstly, sympodial growth in orchids
is a structural constraint. Sympodial growth is in fact an
ancestral feature in orchids and monopodial growth derived
(Withner et al. 1974). Withner et al. (1874) suggest that a
simple underground rhizome which gives rise directly to new

"shoots is probably the most primitive Vegetative habit. If
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this is true then Disa uniflora carries an ancestral trait -

an example of éhnalization. The underground rhizome buds off
from the base of the aerial rhizome and gives rise directly

to a new shoot without a tuberoid.

Perennationﬂin Disa uniflora may also be an ecological
aptation. The moss and detritus substrate in which Disa
uniflora gi::ds, is known to become leached (Schelpe 198@).
Perennation is thereforelhelpful in exploring new
substrates. Perhaps this is why it is possible for some
tuberoids to sustain at feast three generations of renewal
shoots to form a dense cluster. Once a highly favourable
unleached site has been réached, perhaps sufficient reserves
(oil or starch) are éccuﬁulated within the tuberoid for
extensive renewal growth. In such a case it is affordable to
allow all the lateral buds of the second, fourth and sixth
nodes to develop, instead of only one from the fourth node.

This expiains why one ramet of Disa uniflora may from such a

dense cluster.

The affinity of the root-stem tuberoid
The name and definition of the root-stem tuberoid are,
according to the findings of this study, incorrect. The
confusion here probably arose from the fact that the process
of perennation in orchids with tuberoids was poorly

understood as is highlighted sbove.

The tuberoid is clearly made up of rhizomatous stem tissue.
This is supported by the fact that in the tuberoid of D.
uniflora the vascular bundles do not form a core within the
tuberoid ss in the root, but are arranged in a ring around
the stele, as are the more discrete bundles of the two types
of rhizomes and thq dropper. The tuberoid has what might be
a pericycle surrounding the stele. According to Withner. et
al (1974), pericycles are not uncommon in rhizomatous
tissue. The only evidence to suggest that there may be any

Yo
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root tissue in the tuberoid is the fact that the epidermal
cells give rise to epidermal hairs which could possibly be
root haigg. However, the actual roots of D. uniflora do not
have epidrmal hairs and therefore the hairs cannot be

inferred as an homology with the root.

Any departure of the tuberoid from typical rhizome anatomy
can probably be explained by the variation in tuberoid

anatomy within the three subtribes of the Diseae.

Variation in tuberoid anatomy within the Orchidoidecc
The source of variation in the tuberoid anatomy within the
orchidoids stems mainly from the types of steles. Linder
(1986) gives a cladogram showing the poséible phylogeny of
the subtribes of the Orchidoidae using floral characters.
The results of this study show that tuberocid anatomy is &an

important character within this subfamily.

It is difficult to draw conclusions about the distribution
of types of steles from so few representatives from each
subtribe, but some speculation can be made. If the subtribe
Orchidinae is taken as an outgroup for thg Diseae, then
polystely'in tuberoids is an ancestral character and
monostely is derived. The Satyriinae show strong polystely
as in the Orchidinae and therefore were the first subtribe
within the Diseae to evolve. The Coryciinae show both weak
polystely and monostely and must therefore have been next to

evolve. Last to branch off were the Disinae which have only

monostelic tuberoids.

The reason for this trend away from polystely may be because
the tuberoid is not a branching structure since it is only
an extension of stem tissue. For this reason, vascular
tissue is not needed on the periphery of the tuberoid in
order to give rise to traces. Further, the tuberoid evolved

as a storsge structure and therefore polystely may have



disappeared within the Diseae to conserve and maximise
storage space. Within the Coryciinse, the_monostelic
Corycium orobanchoides has its cortical ceils densely packed
with storage bodies and crystalization is extensive. The
polystelic Disperis §i1losa also has its cortical cells
densely packed with ?torage bodies but glucomannans only

occur towards the periphery of the cortex.

That polystely may be ancestral i? the tuberoids of the
Orchidoidae further supports the fact that the tuberoid is
comprised of stem tissue since poiystely is typical of the
stem structure. The tuberoid anatomy of Schizochiles éZcilii
is remarkably similar to the annual stem of Disa wpniflora.
Any peculiarities of the more derived taxa, the%%bre can be
attributed to modification of the basic stem structure in

order to carry out the function of storsage.

CONCLUSION
The confusion abdut the root-stem tuberoid arose because the
perennial mechanism was poorly understood. Because of this,
there was a lack of distinction between the perennial and
‘aerial stems. It was therefore not realised that the
perennial stem is in fact a modification of the ancestral
rhizome, having several axillary buds and one apical bud.
This confusion alsoc led to a misconception sbout the root-
stem tuberoid which was alleged to have apical &nd axillary
buds (Dressler 1881). What this study has elearly shown is
that perennial growth in Disa uniflora fits in with the
general pattern of sympodial growth typical of
monocotyledonous plants - that the tuberoid is not a mixture
of root and stem tissue, but rather a further modified
extension of the rhizome. A stem tuber would therefore be a

better term for this structure since tubers are stem storage

structures (Dressler 13881)
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Disa uniflora does not have a resting stage as do so many
other monocotyledonouslplants of tempersate regions. The
] resting period has become defunct in Disa uniflora since it

only occupies habitats which are moist throughout the year.

Perennation is still advantagseous, however, since it enables

the ramet to explore new fertile soil.

This study also suggests that the tuberoid is an importsant
character in elucidating the phylogeny of the Diseae. This
is based on the fact that the stem tuberoid is ancestrally
polystelic in the Orchidinae, a trait which tends towards

b monostely within the Diseas.

] ACKNOWLEDGEMENTS
I wonld like to thank Dr. Peter Linder for thorough

’ supervision in this project and the Cywes  for the loan of

material.

' )
1 \ REFERENCES

//CALVO, R.N. 1880. Four-year growth and reproduction of
Cyclopogon cranichoides (Orchidaceae) in South Florida. Am.
J. Bot., 77(8):738-741. '

! V/ CUTTER, E.G. 1871. Plant anatomy: experiment and
’ interpretation, part 2 Organs.In Barrington, E.W.J. and
Willis, A.J. (eds), Contemporary Biology Series. Edward

Arnold, London.

v/ DRESSLER, R.L. 1981. The orchids: natural history and

classification. Harvard University Press, Masachusetts.

/’HOLTTUM, R. E. 1855. Growth-habits of monocotyledons -
1 - variations on a theme. Phytomorphology 5(4): 398-412.

21



22

/" LINDER, H.P. 1886. Notes in the phylogeny of the
Orchidoideae, with particular reference to the Diseae.

</ Lindleyana 1}13:51—84.
(D > o

, PATE J. S. and KINGSLEY W. D. 1882. Tuberous, Cormous and
Bulbous Plants: biology of an adaptive strategy in western

Australia. University of western Australia Press. Singapore.

/ RASMUSSEN, F. N. 1985. Orchids. In: Dahl%ren, R. M. T.,
Clifford, H.T. and Yeo, P. F. (eds). The families of the

|
monocotyledons: structure, evolution and taxonomy. Springer-

Verlag. Berlin.

SALMIA, A. 1889. Features of endomyccorhizal infection of
v chlorophyll-free and green forms of Epipactis helleborine

(Orchidacese). Ann .Bot Fennici 28:15-28.

//SCHELPE, E.A. 196@8. Disa uniflora. The report of the third

world orchid conference.

-~ SHARMAN, B. C. The development of the sinksesr of Orchis
mascula Linn. 19339, Bot. J. Linn.‘Soc (52) 145-158.

. VEYRET, Y. 1974. Development of the embryo and the young
boon
‘. seedling stages of orchids. In: Withner, C. L. (ed), The

{5
r "
t ¢ orchids: scientific studies. Wiley and Sons.

//HITHNER, C.L., NELSON, P.K. and WEJKSNORA, P.J. 1974. The
anatomy of orchids. In: Withner, C.L. (ed), The orchids:

scientific studies. John Wiley and Sons, New York.





