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Branching pattern and inflorescence bud displacement in 
Flickingeria (Orchidaceae) 

Hanne Rasmussen 

Rasmussen, H. 1982. Branching pattern and inflorescence bud displacement in Flic- 
kingeria (Orchidaceae). - Nord. .I. Bot. 2: 235-248. Copenhagen. ISSN 0107-055X. 

The vegetative architecture of Flickingeria is modular, consisting of three kinds of 
shoots of determinate growth. Species differ with respect to extent of branching and 
length of shoots, but branching is normally restricted to a few particular buds, the 
potential of which depends on their position. 
All inflorescences are axillary, although some appear to be terminal. Inflorescences 
subtended by foliage leaves are displaced into a cavity in the stem, emerging on the 
abaxial side of the leaf base. The peripheral layers of the stem covering the inflores- 
cence bud may be conspicuously extended and dry up so as to resemble a bract. 
The arrangement of the inflorescences is a distinctive specific character within the 
genus. A hypothesis for the evolution of character states is established. The growth 
and flowering strategy is discussed. 

H .  Rasmussen, Inst. of Plant Anatomy and Cytology, Sdvgade 83, Univ. of 
Copenhagen, DK-I307 Copenhagen K, Denmark. 

Introduction 

The exceptional vegetative features of the orchid genus 
Flickingeria Hawkes (= Ephemerantha Hunt & Sum- 
merhayes) were first pointed out by the celebrated 
Dutch orchidologist Blume (1825: 329), and resulted in 
its exclusion from Dendrobium (as Desmotrichum Bl., 
see Seidenfaden 1980 for the nomenclatural history). 
The genus is characterized by the erect, sympodial 
stems, a condition rarely found in orchids (Rasmussen 
& Rasmussen 1979, Dressler 1981). The inflorescences 
are either seemingly terminal or appear non-axillary 
below the foliage leaf on its abaxial side, in some cases 
covered by a bract-like structure. It has long been 
known that there are specific differences within the 
genus with respect to the position and number of in- 
florescences (Dalzell 1852). In the newly published 
taxonomic revision of the Mainland Asian species 
(Seidenfaden 1980) vegetative characters as well as in- 
florescence characters were used extensively for iden - 
tification of the species. Three conditions with respect 
to inflorescences were distinguished: (1) the inflores- 

cences appear only at the top of the stem on the adaxial 
side of the foliage leaf (“adaxial inflorescence”), (2) the 
inflorescences appear on the abaxial side of the foliage 
leaf only (“abaxial inflorescence”), or (3) inflorescences 
are found in both positions (Seidenfaden 1980: 10, Figs 

However, no explanation of the peculiar position of 
the apparently abaxial inflorescence has hitherto been 
offered, except for Schlechter’s (191 1-14) suggestion 
that a twisting of the stem could account for this posi- 
tion. 

The emphasis in taxonomic works on tropical orchid 
genera is frequently entirely on floral characters. How- 
ever, Holttum (1964) mentioned Dendrobiinae (in- 
cluding Flickingeria) as an example of an orchid group 
where floral morphology is rather uniform and where 
studies of the diverse growth-habits may prove particu- 
larly rewarding. 

The morphological-anatomical study of branching 
pattern and inflorescence position which is presented 
here has helped to solve some of the taxonomic prob- 
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lems in Flickingeria (Seidenfaden 1980). It has clarified 
how inflorescences have become displaced so as to ap- 
pear on the abaxial side of the foliage leaf. The most 
likely course of evolution of the character is de- 
monstrated by specific differences in the extent of dis- 
placement. The descriptive term “adaxial” inflores- 
cence introduced as a practical tool in Seidenfaden 
(1980) is here shown to be somewhat misleading, as this 
inflorescence, although axillary, has no relation to the 
foliage leaf. The description in this paper is also correc- 
tive to the one used in Seidenfaden (1980) concerning 
the “bract” covering the “abaxial” inflorescence. 

“Abaxial” and other odd positions of axillary buds 
can be observed in other orchid genera (e.g. Pholidora) 
and in other monocotyledons: Palmae (Fisher 1973, 
Fisher & Dransfield 1979), Musaceae (Fisher 1978), 
and Liliaceae (Samson & Karstens 1971). 

It appears that the results of this investigation 
exemplify a widespread monocotyledon phenomenon. 

Materials and methods 

The genus Flickingeria Hawkes is estimated to contain 
about 65-70 species in tropical Asia ranging from India 
to the Pacific Islands (Seidenfaden 1980). 14 of the 16 
species reported from Thailand are studied here. The 
investigated species represent two of the three sections 
recognized by Seidenfaden, i.e. sect. Plicatiles and sect. 
Bilo bulatae. 

34 living specimens representing 14 species of Flic- 
kingeria were available in the Thai orchid greenhouse in 
the Botanical Garden of Copenhagen (Tab. 1). The 
living specimens are transplants from the field, and the 
main part have been in cultivation for several years. It 
was possible to study the morphological variation within 
the individuals and follow the growth of the plants for a 
longer period under the uniform although not specified 
conditions of the greenhouse. When compared with 
herbarium specimens of the same species collected in 
nature, the cultivated plants showed no change of 
growth-habit due to hothouse conditions. 

A number of herbarium specimens representing other 
Asian species were also examined. The types of growth- 
habit exhibited in the living Thai material appeared 
representative of the whole genus. An exception is a 
kind of growth-habit of some species in sect. Flic- 
kingeria, which is not represented in the Thai flora. 
Species with this habit will be the only non-Thai species 
treated in some detail here. 

Tab. 1. Living specimens investigated, vouchers in spirit col- 
lection at C. 

Flickingeria sect. Plicatiles Seidenf. 
F. fimbriata (BI.) Hawkes: Ths 388, Ths 389, Cu 1217, GT 
6466. -F. parishii Seidenf.: GT4184, GT 8296, GT 8387. -F. 
compressa Seidenf.: GT 7404. - F. insularis Seidenf.: GT 
6481. - F. pardalina (Rchb.f.) Seidenf.: GT 5515, GT 6349, 
GT 7455. - F. pallens (Rid].) Hawkes: GT 6276, GT 6327, GT 
6430. GT 6461. GT 6465. - F. fumx fRchb.f.) Seidenf.: GT 
7385; GT 7818, GT 7862.- k ilbo&rpurea Seidenf.: Cu 
1359, GT 7170. 

Flickingeria sect. Bilobulatae Seidenf. 
F. convexa (B1.) Hawkes: GT 6507a. - F. unibulbis Seidenf.: 
GT 7509. - F. xantholeuca (Rchb.f.) Hawkes: GT 7586. - F. 
angusfifoliu (BI.) Hawkes: GT 6290. - F. ritaeana (K. & P.) 
Hawkes: GT 3728, GT 7361. -F. bancana (J. J. Sm.) Hawkes: 
GT 7508, GT 751 1, GT 7528, GT 7530, GT 7543, GT 755 la.  

Whole young pseudobulbs were cleaved longitudi- 
nally and cleared in lactic acid (Simpson 1929). The 
upper part of young pseudobulbs with inflorescence 
buds was fixed in FAA and embedded in paraffin to 
obtain transverse serial sections which were stained in 
Toluidine Blue 0. 

Photographs of the fresh and cleared material were 
taken with a Wild M 400 Macroscope. 

Observations 

General architecture 

The species of Flickingeria are perennial, rhizomatous, 
epiphytic herbs. The main shoots consist of a basal, 
rhizomatous part rather abruptly turning into a leafy, 
erect part. A new main shoot sprouts from the bud 
subtended by the apical scale leaf of the rhizomatous 
part so that a sympodial rhizome is formed. Branching 
of the rhizome normally occurs only from the node right 
below that of the renewal bud (Fig. 1A). The rhizome is 
plagiotropic, creeping upon the substrate, rooting on 
the side facing the substrate. The sheathing, membran- 
ous, soon fibrous, scale leaves are distichously arranged 
with a horizontal plane of distichy. 

The erect, but still plagiotropic part of the main shoot 
is usually more slender and with longer internodes than 
the rhizome and is not rooting. It carries distichous, 
membranous sheathing scale leaves and is terminated 
by a swollen internode, i.e. a pseudobulb, above which a 
single foliage leaf is inserted. The pseudobulb is oval in 

Fig. 1. Habits of F.Flickingeria. - A: F. albopurpurea, sympodial renewal of the rhizome (e.g. b, is renewed by b, and further on by 
b,) and branching of same (e.g. c, is a branch of bl). b, itself originated by branching of a , .  Erect stems (one fully depicted) with 
ordinary branching. - B: F. convexa, creeping rhizome and short, erect unbranched stems. - C: F. ritaeana, swollen rhizome with 
short segments. Erect stem with ordinary branching. - D: F. pardalina, ordinary and extraordinary branching. Extraordinary 
branches somewhat rhizomatous at the base, rooting. - E: F. comata, pseudobulbs not distinctly delimited. Flowering at upper 
nodes of the stem, also in the position of ordinary branching in other species. - A: GT 7170, B: GT 6705, C: GT 3728, D: GT 
55 15, E: Dissing 2900. A-D drawn from young shoots which have not flowered yet, E from soaked herbarium specimen in flower, 
leaf reconstructed in drawing. Scale = 10 cm. 
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Fig. 2. Schematic 
representation of 
architecture in Flickingeria. 
The ‘three kinds of buds are 
shaded according to their 
potentiality, which is 
indicated to the right. (1)  
main shoots, (2) branches, 
(3) inflorescences. 

transection, being more extended in the direction of the 
plane of distichy. 

While the membranous leaves of the rhizome and 
erect stem are sheathing and without lamina, the foliage 
leaf is non-sheathing, consisting entirely of a condupli- 
cate, linear to ovate lamina. The foliage leaves may be 
shed at a joint at their base but at least under 
greenhouse conditions they persist for many years. 

Branching of the stems occurs ordinarily at the node 
right below the pseudobulb (Fig. lA,  C, D). Branches 
from lower nodes (“extra-ordinary’’ branches) occur 
only when ordinary branching on the stem in question 
has taken place, and only in certain species (Fig. 1D). 
Branches are like the main shoots in every respect ex- 
cept that they usually have no basal rhizomatous part. 
The branching process may be repeated many times, 
4-5 times is not unusual, so that long erect sympodia 
are formed. 

In some species the pseudobulb is seemingly termi- 
nated by a bud which develops into an inflorescence. 
The inflorescence is actually pseudoterminal, placed in 
the axil of a leathery bract inserted on the stem right 
above the foliage leaf in distichous succession. Figure 
3A-B shows a transverse section through the base of 
the axillary inflorescence bud. A third leaf in the suc- 

cession, also a bract but less leathery than the first one, 
may be found above and in line with the foliage leaf, 
and may also subtend an inflorescence. Figure 3E-F 
shows the two bracts with their axillary buds, b, and b,. 

In some species, inflorescences are subtended by the 
foliage leaf. These inflorescences emerge on the abaxial 
side of the leaf from a cavity in the pseudobulb (Figs 
4-6, to be described further below). The arrangement 
of inflorescences is a specific character which is treated 
in more detail under the sections. 

The inflorescences are few-flowered racemes, pro- 
ducing many membranous bracts, most of which are 
sterile. The inflorescences are long-lived and may pro- 
duce flowers in several seasons, but usually only one at a 
time. The flowers, on the other hand, are fugacious, 
lasting only a few hours. Sterile shoots with bracts may 
develop in place of flowers (Fig. 3E-F, b; and b i‘). 
There is, however, no indication that the bracts of these 
side shoots ever subtend flowers, thus forming a com- 
pound inflorescence. 

Hence, the modular architecture exhibited in this 
genus consists of three kinds of shoots (Fig. 2): 

(1) Shoots with a basal rhizomatous part, turning into 
an erect stem (main shoots). 
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( 2 )  Shoots without a basal rhizomatous part only con- 

(3) Inflorescences. 
stituting an aerial stem (branches). 

Shoots of type (1) arise from buds of the rhizome, and 
are subtended by scale leaves. Shoots of type (2) arise 
from buds on erect stems below the pseudobulb, and are 
subtended by scale leaves. Inflorescences (3) arise from 
buds on erect stems near the apical end of the 
pseudobulb, and are subtended by foliage leaves andlor 
bracts. 

Deviation from this pattern is seen only in a few 
species, where branches tend to be rooting, occasionally 
somewhat rhizomatous of appearance in their basal part 
(e.g., F. pardalina, Fig. lD),  hence representing a con- 
dition between type (1) and type ( 2 ) .  These exceptional 
branches are mainly found as extraordinary, lower 
branches of the species in question. A single species has 
inflorescences also at the node below that of the foliage 
leaf (Fig. 1E). 

In both horizontal and vertical parts of the axes, the 
most apical of the axillary buds seems to dominate. In 
the rhizomatous part, the bud closest to the erect part 
invariably is the renewal bud, and the bud immediately 
below this represents the only possibility of branching of 
the rhizome. No other buds on the rhizome have been 
seen sprouting except after damage of the rhizome. 

Likewise, in the part of the erect stem below the 
pseudobulb only the bud immediately below the 
pseudobulb sprouts, and buds at lower internodes may 
only be developed if the dominant bud has already de- 
veloped into a branch. In some species such extraordi- 
nary branching never occurs, Flowering in the part of 
the stem above the pseudobulb is not a necessary con- 
dition for vegetative branching below. 

Above the pseudobulb, any of the possible inflores- 
cences (as enumerated above) may be the one to de- 
velop or dominate - also the lowest one subtended by 
the foliage leaf - dependent on the species. 

Section Flickingeria 

Of this section which is estimated to comprise 5-7 
species (Seidenfaden 1980) I have seen herbarium mat- 
erial of three, of which only the external morphology 
was investigated. 

In F. angulata, the rhizome has about 7 long, thick 
internodes in each segment. Erect stems branch 
ordinarily and frequently extraordinarily. Smith (1 905) 
described the pseudobulbous part of the stem as con- 
sisting of several internodes of gradually increasing suc- 
culence when approaching the foliage leaf. This could 
not be distinctly seen on the herbarium specimens 
studied, where the pseudobulbs appeared to consist of 
one internode only. Inflorescences are leaf-subtended 
as well as bract-subtended (see Seidenfaden 1980: 
Fig. 3). 

F. comata has an architecture like that of F. angulata, 

but inflorescences emerge also at nodes on the erect 
stems below that of the foliage leaf. The extent of the 
pseudobulbous part of the stem is not distinctly deli- 
mited (Fig. 1E). The architecture of F. scopa is similar 
to that of F. comutu, but they are possibly conspecific 
(Seidenfaden, pers. comm.). 

Section Plicatiles 

Of this section with presumably about 30 species, 8 Thai 
species have been investigated: F. fimbriata, F. parishii, 
F. compressa, F. insularis, F. pardalina, F. pallens, F. 
fugax, and F. albopurpurea. Serial sections of the top of 
the pseudobulbs were studied in all species except F. 
compressa and F. pallens. 

Various habits are represented in this section. F. fim- 
briata and F. parishii are large plants with long rhizome 
segments of several internodes (cf. Seidenfaden 1980: 
Figs 4, 7). Their inflorescences are subtended by bracts 
only. Figure 3 shows the inflorescence bud in the axil of 
the first leathery bract above the foliage leaf in F. 
parishii, and two inflorescence buds in the axils of two 
bracts above each other in F. fimbriata. In addition. F. 
parishii has a dormant inflorescence bud below the 
foliage leaf (not seen in Fig. 3) like F. pardalina, see 
below. 

F. compressa, F. fugax and F. albopurpurea (Fig. 1A) 
are smaller plants with rhizome segments shorter than 
in the two species mentioned above. Inflorescences are 
positioned in the axil of the bract above the foliage leaf 
in F. compressa. In F. fugax and F. albopurpurea they 
are subtended by bracts as well as by the foliage leaf. In 
F. albopurpurea the inflorescence bud subtended by the 
foliage leaf is formed in a cavity in the pseudobulb (Fig. 
4A) below the point where the vascular strands to the 
leaf are recognizable. Above the bud (Fig. 4B), the 
cavity widens to a slit which further up separates the leaf 
from the pseudobulb (Fig. 4C). The leaf strands take a 
peripheral position, filling up the outer wall of the bud 
cavity. Hence the bud cavity opens to the adaxial side of 
the leaf. However, the inflorescence does not grow out 
on this side of the leaf, but eventually penetrates the 
surface of the pseudobulb to the abaxial side of the leaf 
(Fig. 5A, the bud “0’). In F. fugax (Fig. 4F-J) the 
leaf-subtended inflorescence bud is formed similarly but 
situated more peripherally compared to the leaf, so that 
the leaf strands where they become recognizable are in 
a position proximal to the bud cavity (Fig. 4G-H). The 
outer wall of this bud cavity has little vascular supply 
which may facilitate the penetration of the inflorescence 
bud. The bract-subtended inflorescences develop in F. 
albopurpurea (Fig. 4D-E) and in F. fugax (Fig. 45) like 
those of F. parishii and F. fimbriata described above 
(Fig. 3). 

F. pardalina (Fig. 1D) has short rhizome segments 
each 2-5 internodes long and slightly swollen. Branch- 
ing of the stems is frequently extraordinary, and the 
extraordinary branches are somewhat rhizome-like at 
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Fig. 3.  Ts of top of pseudobulb, sect. Plicariles. - A-D: Flic- 
kingeria parishii. A-B: Foliage leaf (non-sheathing) and a 
sheathing bract (arrow) surround the top of the stem (s). Bud 
(b) in the axil of the bract. C-D: Section above A-B. The 
axillary bud is separated from the apical part of the main stem 
(s). The bud, a future inflorescence, produces scale leaves, 
some of which will subtend flowers (not yet developed). - E-F: 
F. fimbriafa. Foliage leaf and several bracts have been formed 
on the stem (s) (the first bracts above the foliage leaf with 
numbered arrows 1-3). Bract ( I )  and (2) subtend buds. The 
bud (b,) in the axil of ( I )  has produced three scale leaves, the 
third of which subtends an axillary bud (bi). The fourth scale 
leaf is cut at its base in section E, also subtending a bud (bi'). 
Of the bud (b2) in the axil of (2) two scale leaves are cut in 
section E. Above E, in section F, seven scale leaves are seen, 
the sixth one subtending a flower. Note the prophyll (p) and 
the contour of the ovary (0). Section F is above the apices of 
the main stem (s) and of b,. - A-D: GT 8387, E-F: Cu 12 17. 
Scales = 3 mm, 5 mm. 

E 5 mm 
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Fig. 4. Ts of top of pseudobulb, at increasing levels, semischematic, sect. Plicariles. - A-E: F. albopurpurea. A: A bud is formed in 
a cavity in the stem. B-C: Above this, the strands to the leaf pass out into the peripheral wall of the cavity. D-E: Bracts above the 
foliage leaf (numbered as in Fig. 3) subtend buds. These have produced some scale leaves, but are resting like the one in the stem 
at the time of fixation. - F-J: F. fugax. F: inflorescence bud formed similarly in a stem cavity. G-H: Strands to the foliage leaf 
gather from the two sides to meet proximally to the bud. I-J: The bract above the foliage leaf with an axillary bud hardly 
differentiated at the time of fixation. - A-E: GT 7 170, F-J: GT 7818. Scale = 5 mm. 

the base and rooting. Inflorescences are bract-sub- 
tended, but F. pardalina, like F. parishii, is peculiar in 
having also a leaf-subtended bud that does not penet- 
rate to the surface (Fig. 5B). This rudimentary bud was 
observed in three specimens of this species but inflores- 
cences never occurred in the leaf-subtended position. 
The main axis normally produces only one bract above 
the foliage leaf, and ends immediately above this bract. 

The two species F. pallens and F. insularis are very 
similar in architecture. They are comparatively small 
species with bushy appearance. The rhizome segments 
are short, consisting of few, swollen internodes. 
Branching is frequent, also extraordinary. In F. pallens, 
the branches are not rooting, while in F. insularis espe- 
cially the lower branches are often slightly swollen at 
the base and rooting. The inflorescence buds are bract- 

subtended, and more than one may develop on a 
pseudobulb (Fig. 5C), although one inflorescence is 
more common. 

Section Bilobulatae 

Of this section estimated to include 25 species, material 
of 6 of the 8 Thai species was available, F. angustifolia, 
F. bancana, F. convexa, F. ritaeana, F. unibulbis and F. 
xantholeuca. Serial sections of the top of the 
pseudobulbs were studied from F. bancana, F. ritaeana, 
and F. xantholeuca. 

One of the species, F. convexa (Fig. 1B) differs mar- 
kedly from the others in this section by having long, 
slender rhizome segments. This is a very small species, 
with unbranched erect stems only a few internodes long. 

I6 Nord. J .  Bot. 2 (3) 1982 24 1 



Fig. 5. Top of pseudobulb with basal part of the foliage leaf, sect. Plicatiles. Cleaved along the median line of the leaves, cleared. 
Foliage leaf showing half of the lamina with median line (m) to the right. -A: Flickingeriu albopurpurea, one bud (0) in the axil of 
(below) the foliage leaf, and one (1) in the axil of a bract above the foliage leaf. - B: F. purdalina. The leaf-subtended 
inflorescence bud (0) rudimentary. Inflorescence from axillary bud (1) of the bract above. - C: F. insufaris. Leaf-subtended 
inflorescence bud absent. Flowering from axillary buds of the bracts above (1 and 2). -A: GT 7170, B:  GT 5515, C: GT 6481. 
Scales = 4 mm, 2 mm, and 2 mm. 

F. unibulbis has, like F. convexa, unbranched stems, 
but the rhizome segments are short (Seidenfaden 1980: 
Fig. 21). 

The other species are bushy and richly branched 
plants. With 4-5 internodes in each, the rhizome seg- 
ments in F. angustifolia are the longest in this group. 
The rest of the species have shorter rhizome segments, 
more or less swollen (Fig. lC, F. ritaeana). Extraordi- 
nary branching is frequent - an exception is F. xantho- 
leuca with only ordinary, often rooting branches (Seiden- 
faden 1980: Fig. 23). 

All species in sect. Bilobulatae have leaf-subtended 
inflorescences only. This condition is associated with the 
more or less complete lack of bracts above the foliage 
leaf and with an extension of the outer layer of the 
pseudobulb around the bud, reminiscent of a bract. 
(This extension also occurs in the species of sect. 
Plicatiles with leaf-subtended inflorescence, only less 
pronounced). The three species F. xantholeuca, F. 
ritaeana, and F. bancana represent a progressing series 
with respect to the degree of inflorescence displacement 
compared to the subtending leaf, and to the degree to 
which the apical part of the stem is reduced (Fig. 6). The 
vascular connection to the bud is placed much below 
that to the leaf (Figs 6B, D, F; 7A-C). In F. xantholeuca 
it takes an upward turn before entering the basis of the 
bud (Fig. 6B). F. xanthofeuca has a rudimentary bract 
above the foliage leaf (Fig. 7F) but the apical dome only 
just extends above the insertion of this (Fig. 7E). In F. 

ritaeana and F. bancana, the apical part of the stem 
aborts immediately above the foliage leaf. 

The strands running in the outer layer of the stem 
distally to the bud connect with the leaf on the proximal 
side of the bud (Fig. 7D-G) as they do in F. fugax (sect. 
Plicatiles, Fig. 4F-J) but the bud cavity does not open 
out to the adaxial side of the leaf as in that species. This 
is further discussed below. For some distance the in- 
florescence bud is placed in a tubular extension of stem 
origin, adhering to the abaxial side of the leaf (Fig. 7G). 

Notes on growth and flowering 

The plants grow intermittently throughout the year, at 
least under hothouse conditions, but most new shoots 
appear in spring and in autumn. Any vegetative shoot 
has a period of maturing and rest before it branches (the 
branching is proleptic). 

The length of new rhizome segments and the number 
of internodes found in each segment tend to increase, as 
a plant grows older. Also the number of internodes of 
the erect stems tends to increase, as does the number of 
segments in the erect sympodia. The tracing of a sym- 
podium of F. pallens and of F. fugax backwards into the 
very centre of the tuft (branching of the rhizome disre- 
garded) will illustrate the case (Fig. 8). This change of 
habit according to the age of the shoot system occurs 
within a specific range. In the sympodium of F. fugax 
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Fig. 6. Top of pseudobulb with basal part of foliage leaf, sect. Bilobulatae. A, C, and E: Exterior view, and B, D, and F: cleaved 
along the median line of the leaves, cleared and oriented as in Fig. 5. - A-B: Flickingeria xantholeuca. Inflorescence bud 
subtended by the foliage leaf and situated right behind it. Vascular strands take an upward turn before entering the bud (heavy 
arrow). The bud is covered by a hood (the top of which is indicated by arrowhead) formed by the outer extended layer of the 
pseudobulb. Strand passing behind the bud in this layer is seen (small arrow) below its connection with the leaf base (cf. Fig. 
7D-F). - C-D: F. riraeana and E-F: F. bancana. The leaf-subtended inflorescence bud is displaced further down the stem in these 
species. The hood covering thc hud strikingly resembles a bract. - A-B: GT 7586, C-D: GT 3728, E-F: GT 751 1. Scales = 2 
mm. 

(Fig. 8B) the erect stems have probably reached their 
optimal height under the actual conditions, while in the 
sympodium of F. pallens (Fig. 8A) each new erect stem 
seems prepared to overtop the preceding ones both by 
means of longer segments and by increment of the 
number of segments. 

As mentioned above, inflorescences may function for 
several growing seasons. It is not unusual to see flowers 
in old inflorescences 3-4 axes removed from the top of 
the erect sympodia. A previous flowering is indicated by 
the presence of persisting membranous bracts that are 
left from flowering to flowering. Inflorescences that 
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Fig. 7. F. xantholeuca, Ts of pseudobulb and base of foliage 
leaf at increasing levels. - A: Atactostele with en equal dis- 
tribution of strands. - B: A concentration of vascular strands in 
the right side of the section (arrow) and in a peripheral ring- 
shaped zone (brace). - C: The concentration of strands con- 
nects with the bud (large arrow). Major strands to leaf are lined 
up in two straight lines (small arrows). - D: The bud with two 
leaves in its cavity. The two lines of leaf strands more distinct. 
Two small strands in the peripheral part of the stem, distal to 
the bud (arrows). - E: Section through leaf at its insertion. - F: 
Base of leaf. Stem produces a rudimentary bract above the 
foliage leaf (1). The section is above the apex of the stem. The 
extension of the pseudobulb covering the bud is connected 
with the abaxial side of the leaf. The strands in this covering 
approach the leaf (short arrow) and form part of the leaf vas- 
culature in level G, where the covering of the bud is beginning 
to disconnect from the leaf (arrow). - GT 7586. Scale = 1 mm. 
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Fig. 8. Schematic representation of shoot systems of F. pallens (A) and F. fugax (B). Segments all drawn according to their actual 
length (the pseudobulbous internodes not included); figures indicate number of internodes in each segment. Successive shoot 
generations alternately black and white. Branching of the rhizome is disregarded, and rhizome segments are spaced to facilitate 
interpretation. Mark in (B) indicates a damaged rhizome segment, this and the accompanying erect sympodium are left out. The 
position of extraordinary branches in (A) is indicated by short horizontal lines. Flowering and former flowering on a pseudobulb is 
indicated by an asterisk, in (B) the one on top of the stem segment refers to the bract-subtended inflorescence, the lower one to 
the leaf-subtended. -A:  GT 6461, B: GT 7818. Scale = 10 cm. 

have flowered and may still be functional are indicated 
by asterisks in Fig. 8. In the oldest end of the sympodia 
(Fig. 8) some sterile pseudobulbs in succession are 
found, hence demonstrating that plants do not flower 
for quite a number of growing seasons during juvenile 
stage. In the case of the sympodium of F. pallens (Fig. 
8A), flowering has not occurred for at least the first 4 
growing seasons, and in that of F. fugax (Fig. 8B) for at 
least 3 growing seasons during establishment. 

By counting the number of segments distal to a flow- 
ering axis an estimate of the age of this segment can be 
obtained. In some species, a pseudobulb flowers for the 
first time at the end of its first growing season or at the 
beginning of its second, i.e. before or while a branching 
occurs below the pseudobulb in question. This applies 
to F. fimbriata, F. pallens (Fig. 8A) and F. pardalina 
that all have bract-subtended inflorescences only (sect. 
Plicatiles) and to F. xantholeuca with leaf-subtended in- 
florescence (sect. Bilobulatae). 

It is, however, far more common that pseudobulbs 
are at least one shoot generation older before the first 
flowering takes place. F. fugax (Fig. 8B) and F. al- 
bopurpurea (sect. Plicatiles) with both leaf- and bract- 
subtended inflorescences flower mainly from 
pseudobulbs 2-3 growth seasons old. Either of the two 
inflorescences may be the first to emerge and flower on 
a particular pseudobulb. F. insularis and F. parishii in 
sect. Plicatiles (bract-subtended inflorescence only), 
and F. angustijolia, F. bancana, F. ritaeana, and F. uni- 
bulbis in sect. Bilobulatae (leaf-subtended inflorescence 
only) also represent this condition. 

Discussion and conclusions 

The architecture of the species of Flickingeria is mod- 
ular consisting of three kinds of shoots of limited 
growth. These modules occur in different proportions 
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Fig. 9. Schematic representation of inflorescence position in some species of Dendrobium (A-B) and in FIickingeriu (C-E). - A: 
Pseudobulb consists of several internodes, leaves alike, sheathing, subtending inflorescences which break through the sheaths. - 
B: As A, but apical leaves short, inflorescences not breaking through sheaths. - C: Apical internodes of pseudobulb shon, 
pseudobulb consisting mainly of one internode. Foliage leaf without sheath, axillary bud emerging below its basis. Other inflore- 
scences in the axils of bracts above foliage leaf. - D: As C, but inflorescence subtended by foliage leaf reduced. - E: As C, but the 
apical part of the stem with its appendices much reduced, only one rudimentary bract (as in Fig. 7F) is seen, inflorescence 
subtended by foliage leaf only. 

characteristic of the species. Shoots of type (2 ) ,  i.e. 
aerial stems without a rhizomatous basis, may be mis- 
sing, as in the unbranched species F. convexa and F. 
unibulbis. The shoots can be divided into two vegetative 
parts, the rhizomatous and the erect part, the buds of 
which have different potential. The fixed branching 
pattern can be ascribed to the dominance of the most 
apically placed axillary bud in the two respective parts. 

There are specific differences in Flickingeria with re- 
spect to the length of the rhizome segments, the length 
and extent of branching of the erect stems and the posi- 
tion of the inflorescences. In the juvenile stage, the 
plants have unbranched stems and do not flower. Two 
of the investigated species, F. convexa and F. unibulbis, 
maintain the juvenile growth pattern throughout life. 

The number of internodes in each rhizome segment 
increases up to a certain limit during adolescence. Not 
even in fully grown plants is the number of internodes 
exactly determined (Fig. 8). As the scale leaves are dis- 
tichous, the renewal of the rhizome may occur either to 
alternating sides, the rhizome growing in a zig-zag pat- 
tern, or repeatedly to the same side so that the rhizome 
follows a curved course (e.g. Fig. 1C). A precise 

organization of the renewal and branching of the rhi- 
zome as described for other monocotyledons (Bell & 
Tomlinsom 1980) does not occur in Flickingeria. The 
advantage of such a regular pattern may be an effective 
covering of a uniform substrate as stated by these au- 
thors. The epiphytic life-form, on the other hand, may 
favour a more flexible mode of growth. 

The pseudobulbous internode defines the border 
between the vegetative and the floral branching. It is 
notable, that in F. cornata (Fig. lE), a more irregular 
inflorescence position is associated with a pseudobulb 
not distinctly limited to a single internode. 

Abrupt leaf succession from scale leaves below the 
pseudobulb to foliage leaf and bracts above the 
pseudobulb is associated with a similarly abrupt trans- 
ition from stem internode to pseudobulbous internode, 
and further to rudimentary internodes above the 
pseudobulb. The pseudobulb confined to one internode, 
the non-gradual leaf sequence, and the fixed branching 
pattern all appear to be interrelated character states. 

Dressler & Dodson (1960) considered a pseudobulb 
consisting of several internodes more primitive than one 
consisting mainly of a single internode. An overall suc- 
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A B C 
Fig. 10. Schematic representation of foliage leaf-subtended inflorescence in three species of Flickingeria. - A: F. albopurpurea. 
The cavity in which the inflorescence bud is situated is open towards the adaxial side of the leaf base. -B: F. fugax. The bud cavity 
is closer to the surface of the stem, the outer wall is thin and little vascularized. - C: F. xantholeuca. The bud cavity is closed. The 
outer wall of the cavity is extended and adnate to the abaxial side of the leaf. In all three species, the bud eventually grows out 
through the surface of the stem. Horizontal lines refer to transections Figs 4A-B; 4F, H; 7D-E. 

culence of the stem would seem easier to establish than 
a precisely localized swelling of a single internode. Fol- 
lowing the considerations above, the pseudobulb con- 
sisting of several internodes would be likely to carry 
uniform leaves and axillary buds with uniform potential. 
In Dendrobiurn, which for reasons of floral morphology 
is generally supposed to be closely related to Flic- 
kingeria (Seidenfaden 1980), conditions like Fig. 9A 
and B are found (cf., e.g., the treatment of the New 
Caledonian species in Hall6 1977). Pseudobulbs, when 
present, consist of several internodes, and several 
foliage leaves are found on each pseudobulbous stem. 
Inflorescences may be subtended by foliage leaves, 
breaking through the bases of the sheaths (Fig. 9A), or 
be gathered at the top of the stem subtended by bracts 
(Fig. 9B). In one species cited by Halle (1977), D .  
gracilicaule F. Muell., both conditions occur. 

An evolution towards the single pseudobulbous in- 
ternode exhibited in Flickingeria has involved a shor- 
tening of the apical internodes and a reduction of the 
apical leaves into bracts. The loss of the foliage leaf 
sheath may be a consequence of the close packing of the 
leaves. This condition (Fig. 9C) is found in Flickingeria 
(sect. Flickingeria and part of sect. Plicatiles), e.g., in F. 
fugax and F. albopurpurea. It is reasonable to assume 
that this state with all apical appendices present is the 
ancestral one in Flickingeria. Two evolutionary trends 
within the genus may be imagined. One leading to a 
reduction of the leaf-subtended inflorescence (as exhi- 
bited in the rest of sect. Plicatiles, Fig. 9D) and one 
leading to further shortening of the apical part of the 
stem, so that bracts above the foliage leaf are no longer 
present (as seen in sect. Bilobulatae, Fig. 9E). 

The interpretation of the “abaxial” inflorescence as 
being foliage leaf-subtended is substantiated by the fact 
that no bud is ever seen in the regular position in the 
axil of the foliage leaf. It is further supported by the 
connection sometimes found between the cavity in 

which the inflorescence bud is placed and the adaxial 
side of the leaf. A trend may be seen in the differences 
between species with “abaxial” inflorescences (Fig. lo). 
In F. albopurpurea (Fig. 10A) the bud is situated in a 
cavity connected by a slit with the adaxial side of the 
leaf (cf. also transsections, Fig. 4A-C). The outer wall 
of the bud cavity is vascularized and some of the vascu- 
lar strands to the leaf pass through this area. In F. fugax 
(Fig. 10B) the bud cavity is more peripheral. The outer 
wall of the bud cavity is thin and little vascularized. 
Hence no median strand enters the leaf at the base (cf. 
Fig. 4G-H). F. xantholeuca (Fig. 1OC) together with 
other species of sect. Bilobulatae represent a further 
elaboration. The bud cavity here is closed, and the ex- 
tension of its outer wall is pronounced. The inner part of 
this extension is adnate to the abaxial side of the leaf (cf. 
Fig. 7C-F). 

There is no indication of any torsion of the stem as 
suggested by Schlechter (191 1-14). Because of the long 
pseudobulbous internode the bud cannot be related to 
any other foliar organ than the foliage leaf, nor can it be 
interpreted as a terminal bud in a sympodial shoot sys- 
tem. The position is hence clarified as a downwards 
displacement of the axillary bud of the foliage leaf. In all 
species, the base of the foliage leaf lamina is demarcated 
by an abscission line which is clearly visible at the top of 
the pseudobulb (e.g. Fig. 6A, C, E). The surface texture 
and colour change abruptly across this line and the basal 
leaf meristem is situated in a zone right above (Ras- 
mussen, unpubl. obs.). Hence, it is reasonable to assume 
the abscission line to represent the true leaf base, so that 
the foliage leaf is non-sheathing, and interpret the bud 
cavity as arising within the stem. The position of the bud 
must be a result of displacement early in the develop- 
ment - the bud is formed within the cavity of the stem 
below the basis of the leaf before any swelling of the 
stem has taken place. 

The inflorescences, being lateral, would be expected 
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to flower for the first time one growth season after de- 
velopment of the carrying stem. However, flowering 
often lags more than one growth season behind. This is 
especially pronounced for the leaf-subtended ones that 
are to break through the outer layers of the stem. 

A pseudobulb normally produces only one or two 
inflorescences and each inflorescence carries only one 
flower at a time. However, the flowering capacity is very 
great due to the fact that all pseudobulbs except the 
very youngest may flower when conditions are optimal. 
The flowers last only a few hours. 

Simultaneous, extensive flowering occurring several 
times a year is a flowering pattern known from a 
number of orchid genera (Smith 1926, Coster 1926), 
and commonly combined with ephemeral flowers. 
Smith (1926) observed this kind of flowering, desig- 
nated as a “multiple bang” flowering pattern (Gentry 
1974), in several species of Flickingeria growing 
naturalized under tropical conditions. It was noted that 
flowering occurred a specified number of days after a 
certain change of weather. A similar, sudden bloom of 
F. fimbriata was observed by Seidenfaden (pers. comm.) 
in Thailand. While this probably is the usual flowering 
pattern for most species, Smith (1926) characterized 
one of the species grown by him as flowering without 
seasonality, “steady state” flowering pattern (Gentry 
1974). 

The architecture of Flickingeria with numerous stem 
segments all capable of flowering, and with long-lived 
and few-flowered inflorescences renders a perfect 
adaptation to both kinds of flowering pattern. The many 
few-flowered inflorescences can respond simultane- 
ously to an external stimulus thus creating an effective 
“bang”. In racemes with more flowers developing, the 
lower ones would necessarily be somewhat more ad- 
vanced than the upper ones. On the other hand, if the 
plant for some reason does not receive a stimulus to 
simultaneous flowering, the numerous inflorescences 
may flower independently of each other, so that the 
“steady state” pattern is established. It is notable that 
the growth pattern hence provides suitable conditions 
for two different flowering strategies. 
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