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Figures 2.10-2.18. Embryogenesis in Epidendroideae. fig. 2.10 Zygote of Cyrtorchis 

arcuata (Bar = 10 )lm), Zy = Zygote with dense cytoplasm; fig. 2.11 two-celled stage in 

Tridactyle jurcistipes (Bar = 10 )lm), cb = basal cell, ca = apical cell; fig. 2.12 three­

celled proembryo ci = basal daughter cell of cb, m = daughter tennina1 cell of cb, ca == 

tenninal cell; fig. 2.13 proembryo in Cyrtorchis arcuata (Bar = 10 )lm); fig. 2.14 four­

celled proembryo, m = micropyle fonned by inner integuments, s = two-celled suspensor 

fonned by cb (note vertical division of cb into separate cells), e == embryo; fig. 2.15 

mature embryo and suspensor in Rangaeris amaniensis (Bar = 10 )lm), s == suspensor, e = 

embryo; fig. 2.16 mature embryo and suspensor in Diaphananthe rutila (Bar == 10 )lm), s 

== suspensor, e = embryo; fig. 2.17 Zygote in Polystachya dendrobiiflora (Bar = 10 )lm), 

zy == zygote, pen = primary endospenn nucleus; fig. 2.18 Two-celled proembryo in 

Aerangis ugandensis (Bar = 10 )lm), cb == basal cell, ca = apical cell. 
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Figures 2.19-2.27. Embryogenesis in Epidendroideae. fig. 2.19 three-celled proembryo 

in Polystachya odorata (Bar = 10 11m), ca = apical cell, m = middle cell (derived from 

cb), ci = basal daughter cell of cb, i.i = inner integument, o.i = outer integument; fig. 2.20 

four-celled stage proembryo in Polystachya odorata (Bar = 10 11m), ci = daughter basal 

cell of cb, m = daughter terminal cell of cb, cd = daughter basal cell of ca, cc = daughter 

terminal cell of ca; fig. 2.21 aborted embryo of Microcoelia exilis (Bar = 10 11m), ae = 

arboted embyo, four persistent nucellar cells; fig. 2.22 mature embryo in Aerangis 

brachycaJpa (Bar = 10 11m), e = embryo, s = suspensor; fig. 2.23 mature embryo in 

Polystachya odorata (Bar = 10 11m), e = embryo, s = suspensor; fig. 2.34 mature embryo 

of Liparis bowkeri (Bar = 10 11m), e = embryo, s = suspensor; fig. 2.25 Zygote in 

Bulbophyllum cochleatum (Bar = 10 11m), zy = zygote, fig. 2.26 dividing zygote in 

Bulbophyllum cochleatum (Bar = 10 11m), dzy = Zygote, pn = two persistent nucellar 

cells, m = micropyle formed by the inner integuments. 

Figure 2.26. Two-celled proembryo of Bulbophyllum intertexcum (Bar = 10 flm), ca = 

apical cell, cb = basal cell, i.i = inner integument, o.i = outer integument, fig. 2.27 two­

celled proembryo of B. intertextum. 
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Species R Habitat nf ac pnc es Emg pe s 

Chamaeangis odoratissima XII open wooded 7 elongate 3 - Diaphananthe absent type g 

(Reichb. f. ) Schltr. bushland type 

C. sarcophylla Schltr. VIII montane dense 7 elongate 3 - Diaphananthe absent type g 
forest type 

C. vesicata (Lind\.) Schltr. IV dense forest 7 elongate 3 - Diaphananthe absent type g 
type 

Cribbia brachyceras XIII open wooded 7 rounded 3 - Bulbophyllum absent type b 

(Summerh.) Senghas bushland type 

Cyrtorchis arcuata (Lind\.) XIII montane open 9 elongate 3 - Bulbophyllum absent type e 
Schltr. bushland type 

C. preatermissa Summerh. IV open woodland 9 elongate 3 - Bulbophyllum absent type e 
forest type 

Diaphananthe rutila (Reichb. f.) VIII montane dense 7 elongate 3 - Diaphananthe absent type c 
Summerh. forest type 

D. lori/olia Summerh. XIII open wooded 7 elongate 3 - Diaphananthe absent type c 
bushland type 

D. subsimplex Summerh. IV dense forest 7 elongate 3 - Diaphananthe absent type c 

I 

type 

D. tenuicalcar Summerh. IV montane open 7 elongate 3 - Diaphananthe absent type c 
forest type 

D. xanthopollinia (Reichb. f.) IV open forest 7 elongate 3 - Diaphananthe absent type c 
Summerh. type 

-
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Species R Habitat nf ac pnc es Emg pe s 

Microcoelia exilis Lind!. XIII open bushed 7 rounded 3 - Diaphananthe absent type g 
woodland type 

M. koehleri (Schltr.) IV open forest 7 rounded 3 - Diaphananthe absent type g 

Summerh. type 

M. moreauae L. Jonsson IV open bushland 7 rounded 3 - Diaphananthe absent type g 
type 

M. smithii (Schltr.) Summerh. IV open wooded 7 rounded 3 - Diaphananthe absent type g 
bushland type 

M stolzii (Schltr. ) Summerh. IV open woodland 7 rounded 3 - Diaphananthe absent type b 
type 

Rangaeris amaniensis IV open woodland 7 elongate 3 - Diaphananthe absent type e 

(Kraenz\.) Summerh. type 

R. muscicola (Reichb. f.) IV dense forest 7 elongate 3 - Diaphananthe absent type e I 

Summerh. 

Tridactyle bicaudata (Lind!.) XII dense forest 7 rounded 3 - Diaphananthe absent type g 

Schltr. type 

T scotellii (Rend!.) Schltr. XII open forest 7 rounded 3 - Diaphananthe absent type g 
type 

Ypsilopus longifolius IV bushed 9 rounded 3 - - absent -

(Kraenz!.) Summerh. 
woodland 

Subtribe Aeridinae 
..... ,.... 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n



University of Cape Town

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

65 



University of Cape Town

66 

Species R Habitat nf ac pnc es Emg pe s 

woodland type 

Tribe Dendrobieae Endlicher 

Subtribe Bulbophyliinae 

Schlechter 

Bulbophylum cochleatum Lind\. XII open forest 7 elongate 3 6 Bulbophyllum absent type a 
type 

B. encephalodes Summerh. VII open forest 7 elongate 3 6 Bulbophyllum absent type a 
type 

B. intertextum Lind\. XII dense forest 7 elongate 3 6 Bulbophyllum absent type a 
type 

B. maximum (Lind\.) Reichb. f. XII open forest 7 elongate 3 6 Bulbophyllum absent type a 
type 

I 

Tribe Arethusae Lind\. 

Subtribe Bletiinae Bentham 

Calanthe sylvatica (Thou.) XII dense forest 7 elongate 3 - Bulbophyllum absent type b 
Lindl. type 

Tribe Vanilleae Blume 

Subtribe Vanillinae Lindl. 

Vanilla polylepis Summerh. IV open forest 13 elongate 3 - - absent -

Subfamily Orcbidoideae 
i 

Tribe Diseae Dressler I 

-
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covered by a single epidennis. Future embryological work focusing on this character 

might yield more variation in the number of filamentous cells in many other taxa. 

The present work indicates that Orchidaceae are unique in the Angiospenns as there may 

not be the fonnation of an archesporial cell in the family. According to Swamy (1949a) 

the archesporial cell functions directly as megaspore mother cell. Since there is no 

evidence of a sporogenous cell (tenninal nucellar cell) undergoing meiosis in the orchid 

megasporophyte to fonn the archesporial cell, there is doubt as to the fonnation of 

archesporial cell; instead the cell functions directly as megaspore mother cell. Perhaps 

what Swamy (1949a) regards as archesporial cell is according to the present study a 

tenninal nucellar cell, which apparently enlarges and functions as a megaspore mother 

cell. The other difference is that Swamy noticed elongation of "archesporial cell" long 

before meiosis and the present investigation reveals that at both very early and 

subsequent stages the tenninal nucellar cells can be either round or elongate depending 

on the genus. This finding is amplified by the surprising observation made by Afzelius 

(1916) for Oncidium praetextum, in which one of the cells of the nucellar epidennis 

functions as archesporial cell/megaspore mother cell. 

The bitegmic integuments are organized by epidennal cells below the archesporial 

cell/megaspore mother cell and only the inner integument seems to fonn the micropyle. 

Although for Orchidaceae integumentary studies have been considered in some detail 

(Hofmeister, 1848; Wanning 1878 [cited in Bouman 1974]) the present work is only the 

second which establishes the dennal derivation of the inner integuments and the 

development of the outer integuments from daughter cells of the filament (hence 

subdennal) is fundamental for the subfamily. The inner integument does not fonn a part 

of the mature testa since it becomes highly stretched and resorbed as the seed matures. 

But histochemical changes have been reported for the inner integumentary tissues soon 
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after fertilization for Epidendrum ibaguense (Yeung and Law, 1988). At that time cells 

of the inner integument become more cytoplasmic giving a strong protein reaction and 

hence playing a nutritive role for the developing embryo. There is perhaps influence of 

orchid habitat in organization of the outer integument in mature seed, which remains thin 

in the terrestrial species but which becomes highly thickened in epiphytes. Without 

biochemical analysis no obvious explanation can be found for the integument thickening 

in epiphytes, except speculations that integumentary cells become sclerotic and 

impregnated with a dark material (Swamy, 1947, 1949a). 

2.4.2 Megagametogenesis 

In the material studied eight-nucleate embryo sacs were commonly observed except in 

the genus Bulbophyllum with 6-nucleate embryo sacs. This observation for the Kenyan 

species contradicts the publication by Swamy (1949b) regarding a six-nucleate embryo 

sac in Eulophia epidendrea. 

Even though materials for studies in megagametogenesis were not adequate for an 

exhaustive research in the subfamily, there is a very substantial literature, all of which 

consistently indicates that an 8-nucleate embryo sac is more common in the Orchidaceae 

than a 6-nucleate embryo sac (Swamy, 1949a; Sood and Rao, 1986, 1987, 1988). This 

aspect of the embryo sac has been the most studied in orchids and has been documented 

for a diverse group of orchids in different countries and locations globally. Much of this 

success in embryo sac studies is due to easy accessibility to greenhouse orchids, for 

which materials can be collected at close intervals, as megagametogenesis is invariably a 

very quick process (Catling, 1981). However, all these publications confirm that the 

eight-nucleate embryo sac is the more common than the six-nucleate embryo sac 

(Swamy, 1942, 1943, 1945, 1947, 1949; Sharp, 1912, 1937; Brown and Sharp, 1911, 
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Baranov, 191 1918; Swamy, 1945; "",.".,,\.4"', 1916; Carlson, 1 1 

1918; 1 1930; 1916; Yasugi~ 1 Rao and Rao, 

Vij at ai, 1982) 

2.4.3 Embryogenenesis 

evolution zones 

embryonic mass. pathways evolution of these zones might be indicative 

the phylogenetic affinities of the species. Orchid embryogenesis so diverse that it has 

not been possible to develop a single ...... ""Tnr"., of classification 

contributing IS the embryos are tiny, 

studying them; an additional problem is to establish the 

blastomeres (Treub, 1879; Swamy, 1949b; Johansen, 1950; 

From the point of embryo onl:0glene:SlS the species 

embryos. The 

of aU the embryo 

1974). 

can be "'-, V"'",,",y 

five types about of ontogenetic 

pathways exhibited by zygote. embryonic pathways are determined by the four 

embryogenic laws as Soueges (1936-1939)[cited in Veyret, 1974] them: laws of 

origin, of number, disposition or of destinies four cellular 

"'VIJU'''U' of the destinies cannot determined 

orchid since the embryo the time of IS, III morphologically 

undifferentiated. 

megarchetypes, 

and basal 

the Soueges classification, the embryos are grouped into 

defined by the sum of constructive of the apical 

the segmentation 

first application of embryogenic laws in an attempted classification orchids by 

Swamy (1949b) 

epiphytic orchids. 

consistency in 

present study, like 

embryo types in terrestrial and 

of Swamy ( 1949a, b), with both 
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example, the types conform to B because a 

However, although the Diaphananthe-type of up to the 

pro embryo resembles Onagrad-type embryogenesis of Swamy (l949b), 

Bulbophyllum-, Polystachya-, Eulophia- Epidendrum-types are neither Asterad 

nor Onagrad and cannot be precisely defined as Cymbidium-type. in the 

only names are used to the newly 

embryo type. 

The most ""t'''' .. o,~h ... variation noted in study is construction of the 

proper by the terminal cell (ca), or in some cases terminal cell middle cell (m), or 

others both ca and variation in embryogenesis resultant tetrads 

as nresenltect here "'''1""1''11"'\<''-''''' well with the A2, C 1, and embryo types proposed 

Veyret (1974) using 

Veyret,1974]. 

of embryonomy propossed by Soueges (l 1939)[ cited in 

observations show that cell divisions the generation are uniform in studied 

species, followed by a high of variation beyond the two-celled pro embryo as the 

cells enter the construction embryo suspensor. Therefore, 

inconsistency of and planes division subsequent to first two 

result. The 

was observed the epiphytic 

misinterpretations of course of 

second difficulty in divisions of mature 

genus Epidendrum, in which suspensor is multicellular, obscuring the details of the 

embryo even at the very young stages. 

This study embryogenesis has therefore emphasised first two 

most mature embryos. the of this study suggest, it is 

generations 

to employ 

of four or discussions of taxonomy, as demonstrated 

Swamy (1 Swamy rightly argues about the observational and interpretative 
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inadequacies that can from embryo ontogeny beyond the tetrad such as 

failure to determine longitudinal planes of division. 

that transverse are also necessary order to determine relative 

quantum of working sphere the terminal tier that becomes involved 

organisation of the cotyledon and epicotyl. Similar problems had much 

by Wirth Withner (1959) who pointed out the "[relmen(l(}US in the 

pattern of division in tiers beyond the tetrad stage and their position in different 

planes leads to inconsistency and is the reason why interpretation embryo 

--""---J in Orchidaceae is problematical. 

It is now known that in the majority of development of the embryo to 

differentiation of cotyledon epicotyl not take and ontogeny becomes 

at some step or the other during the phases (Veyret, 1957a, b). 

I'IP1~Pl",(\1"P the consistency of early ontogeny in the embryogenesis recorded this 

investigation a very contribution to the field of orchid taxonomy. Worse 

as reCOgIlls<:::d In study, mature embryo is aUlLA,",'" featureless with only an 

undifferentiated mass of cells. Thus the Orchidaceae provide examples an 

being at time of dispersal (Swamy, 1979). The taxa studied 

belong to category and because this limitation it is difficult to follow up the loci 

initiation of the cotyledon and 

filamentous suspensors with haustorial extensions found the present study are 

consistent with reported earlier publications regarding embryology 

Epidendroid nrr'I'n" .. (Swamy, 1 Jonsson, 1981). results that "' .... "'IJ"' •• ..,Vl'" 

of all the develop the same in that originates with basal cell, 

but wide variation is exhibited different "'""V'''Ui:>. The variation in structure and 

suspensors fits '-'r..,-' 1 into types, most of which were also on,~pT"1.,pn by 



Univ
ers

ity
 of

 C
ap

e T
ow

n

75 

Swamy (1 949b ); The suspensor associated with Diaphananthe type embryo is the 

first on record is rather complicated, with four juxtaposed eight-celled embryonic 

tubes which be short or tremendously long, but are coiled the seed. 

their is thought to be actively assisting in OT,,',uTI1 and development the embryo 

proper (Yeung 

almost all 

Meinke, 1993), suspensors are known to vary in their morphology in 

possibly to suit this (Yeung Meinke, 1993). 

Suspensor formation does seem to be a phenomenon in Orchidaceae; although 

suspensorless species also occur in the family. Treub in 1879 described forms which 

the filamentous grows out and develops to enormous proportions. Similar 

have published Swamy (l Cymbidium bleolor. The structure 

the susoeUlsor is so consistent in that Swamy (1949b) labelled it an admirable 

tool classification of orchid embryos. the classification of orchid embryos by 

Johansen (1950) is on suspensor, as he identified 13 of 

development on the of the or of Swamy (l949b) 

Ul'3J'Ul"",",U the of suspensor haustoria and Johansen (1950) introduced the 

embryonic tubes to aenlote haustoria-like features. The present 

evidence the haustorial nature the suspensor as it is ...... "' .. "'"" in mature embryos, 

penetrating the placenta, does not or die. condition is 

common many orchids (Rao and Sood, 1979). 

present embryo development our understanding about 

elaUOIlsnlPS within the Epidendroideae, example strange clustering of Cribbia 

with Oeeeoclades Bulbophyllum, Aerangis clustering with Polystaehya, 

Mieroeoelia Calanthe, Eulophia separates 

Oeeeoclades. Therefore reCOginItllOn of Oeeeoclades might supported. 
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2.4.4 Polyembryony and <111'\1"\""" 

shown in Table 2.3 (section polyembryony through cleavage 

was made by Swamy (1942) in Cymbidium bieolor, where the resulting seeds contained 

two embryos. Similar results were by (1977) in Spathoglottis plieata 

Geodorum densiflorum. In Cymbidium the 

oblique or vertical; in either case the ~"""'''<L','''jO, 

separate embryos. .In the present study production 

apomictic nucellar embryos was "'",.u ... ""'" ",,",vn • .,. 

Eulophia. Of the three species only E. anJ?OI,enSIS .."UU.J"", 

embryony in the same seed whereas 

embryos. That occurrence of 

previously published 

1985) 

1949a; 

the zygote may be 

and develop into 

as well as 

"np,~,p" of 

adventive 

develop cleavage 

"'IJ', ...... ,'" is uncommon is 

and Rao, 1978; Stort 

production of multiple embryos is rare (Webber, 1940; Stebbins, 1941; 

1942a, 1943b, 1946b, 1949b; Gustafsson, 1946, 1947; JotJlan~>en. 1950; Wirth 

Withner, 1959) but it has been documented in as Cymbidium, 

Eulophia, Habenaria, (Swamy, 1942, 1943, 1946, 1949), Cephalanthera, 

Platanthera, Epipaetis (Hagerup, 1945, 1947), Spiranthes (Maheshwari 

Narayanaswami, 1953) and Vanda (Rao, 1964). In Spiranthes and """a..,.,,,,,c:;. aIIJVAUU •• U", 

embryos develop from the nucellus and integuments 

1959). Cleavage polyembryony has 

(Chua and Rao, 1978), 

aurea 

present work Eulophia embryos did not exceed two in the seeds although a 

two to nine, have been recorded in Epidendrum noeturnum 

Pavanellii, Veyret, 1996), The occurrence of two embryos is common 
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Spathoglottis (Chua and Rao, 1978). Apomictic embryos were observed in 

study one soel:les Eulophia. Apomictic polyembryony, being reported in 

of Orchidaceae, consequently less for consideration 

taxonomic 

Endosperm 

Reports on enCLOSl,enn fonnation in uo.,",\;;o.\;; as published many have 

been contradictory. (1960) Veyret (1 do not fonnation 

to their findings such had been reported as m endospenn. 

Cypripedium S/J€~ClQ'DW!e parviflorum (Pace, 1907), guttatum (Prosina, 1930), 

Paphiopedilum Chaemorchis alpina 1916), Vanilla planifolia 

in populations three (Swamy,l The present have led to speculation 

specIes different habitats in which primary endospenn nucleus was observed 

double fertilization takes It is probable that for some reason the PEN not 

develop to fonn enCLOS),enm and it seems to disintegrate m onl:og,ene:SlS For 

species where it is also speculated that double fertilization 

possibly but early, first of the 

zygote. is strong evidence for double fertilization from the present work, contrary 

to suggestions that fertilization might be for of endospenn 

fonnation et, 1 Albert, 1990). Double seems to be the 

only mode of fonnation and Savina, 1978; 1990, 1991; 

et al., 1988) but this possibly followed by a '"'u .... v ..... , .. of PEN 

and Rao, Shanna Shekhar, 1982). Previous 

.. ",n,"\rt" about endospenn fonnation confinn that tissue, if nrp'",P11t at all, does not 

develop beyond 

Arditti, 

16-nuclear (Swamy 1 1949b; and Clifford, 1982; 



Univ
ers

ity
 of

 C
ap

e T
ow

n

78 

work may explain the factors to the ....... JAA" of PEN to """",'1">"'" to mature 

endosperm. the aphyllous epiphyte Microcoelia it was (Jonsson, 1) that, 

even though endosperm does not form, the embryo is richly provided with fatty acids as 

nutritive Fatty slightly more than double energy content 

starch Lerullngler, 1975), thus to some balance of energy by 

reduction of starch-containing encloslperm Rao and Sood (1979) noticed that cells 

the mature embryo of Herminium angustifolium contain abundant starch. Furthermore, it 

shown that cells contain substantial reserves lipid and 

In 

estimations 

Disperis and Huttonaea and 1987). 

quantification methods (Knudson, 1929) cnr\u]~'" that that in Cymbidium 

food reserves in embryo cells ,",VA""",H 32 % lipid 1 % sugar, but no starch. 
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Cbapter SEED COAT MORPHOLOGY 

and mel[llOC]S 
1 Species sources 

Microscopy 
3.2.3 Morphometry 
3.2.4 Qualitative data 
3.2.5 Photographic '''U'o''''o 

Analyses of data 
3.2.6.1 
3.2.6.2 

1 components analysis 
3.2.6.2.2 multidimensional "'''' ..... 'cu.;:;;, analysis 
3.2.6.2.3 Principal co-ordinates analysis 

1 Seed variation 
3.3.1.1 Seed 
3.3.1.2 
3.3.1 
3.3.1.4 

variation 
3.3.2.1 Cell structure 
3.3.2.2 Cell shape 
3.3.2.3 Cell end walls 
3.3.2.4 Cell ~"""'"a''' 
3.3.2.5 Anticlinal 
3.3.2.6 Periclinal 
3.3 .2. 7 Epicuticular secreti10ns 
H~'"~''''' analysis 

Ordinations 
3.3.4.1 Principal Components Analysis 
3.3.4.2 Multidimensional scaling 

Principal analysis 
Seed groups 

INTRODUCTION 

Seed morphological characters were investigated in 

characters shape and the microomamentation on 

Interesting " ... " ... " ... '..., ..... seeds reported 

79 

to various 

surface of 

subfamily are that 

they are U. ...... lULv size, and surface SCUlpturing, testal extensions 
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and wax deposits of various shapes. The seed coat layer consists of radially stretched, 

tangentially elongated cells fonned from the epidennal layer of the outer integument. 

Cells of the inner integument do not participate in construction of the seed coat since 

they are crushed and resorbed early in the ontogeny of seeds. 

Several investigations of the variation present in the seed coat of orchids have provided 

systematically meaningful morphological data of both qualitative and quantitative nature. 

Such studies have become more numerous with the advent of the technique of scanning 

electron microscopy (SEM), with which seeds are observed with considerable depth of 

field. Some of these studies have revealed a wide variety of seed morphological features 

(Arditti et et., 1979, 1980; Healey et at., 1980; Barthlott and Ziegler, 1980, 1981; Raub 

et at., 1975; Tohda, 1983, 1985, 1986). Examples of detailed SEM studies of seeds from 

Epidendroideae include those of members of the Epidendreae and Neottieae (Clifford 

and Smith, 1969), Catasetinae (Chase and Pippen, 1990), Oncidiinae and related 

sub tribes (Chase and Pippen, 1988), Chiloschista tunifera (Barthlott and Ziegler, 1980), 

Microcoelia (Jonsson, 1981), Nervilia (Petterson, 1991) and Vanilla (Cameron and 

Chase, 1998). 

The most comprehensive study of seed coats in Orchidaceae is the doctoral dissertation 

by Ziegler (1981) on the subfamily Orchidoideae, of which a very small section of the 

results have been published (Barthlott and Ziegler, 1981). Ziegler recognised 20 seed 

types based on overall morphology, and these have been employed in subsequent studies 

of orchid phylogeny and classification by Petterson (1991), Dressler (1993) and M01vray 

and Kores (1995). 

Many systematic studies have given varied suggestions regarding the taxonomic rank at 

which seed coat characters can be infonnative. Barthlott (1976, 1984a, b) was the first to 

express the opinion that the taxonomic-phylogenetic significance of orchid seed 
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morphological data is rather limited species level but could be useful at subtribal 

and tribal Increased and examination variation species that exhibit 

a particular type, e.g., the Maxillaria type of Oncidiinae (Chase and Pippen, 1990), 

have shown that utility of seed morphology as a distinguishing t-",.,1'''''''' not 

usually below the taxonomic level tribe 1S only rarely valuable 

studies. Contrary to these findings, however, and Chase (1998) 

have recently reported that seed morphology clearly distinguishes of vanilloid 

orchids. only where morphology was useful in delimiting o;:np'~IPO;: is that 

of Wildhaber (1 where distinction between the .;,.",...,,,,,:> the Orchis was 

made by means oftheir coat characters. 

the functional point of the morphology of the coat is to have 

properties affecting eroovrlamncs and wettability et aI., 1975; 

Barthloth, 1 Murren and .L.Ju ... ,,,,,... 1998) or mycotrophy Leake, 

1994). little is known about ecological aspects of seed morphology 

Orchidaceae. Certain unique seed coat characters, for example, hooked seeds (Chase and 

1988), were but these as a 

influence through. adaptation IS not established. Research work has 

concentrated on the evolutionary the coat 

ecology, which functional morphology of the seeds. 

The Kenyan ""U,",'''''''' of the subfamily .cplUenUlro which are the subject of 

study, are morphologically heterogeneous and found in habitats that range across 

country's elevation, being found both in lowland and montane 

Although studies coats in a small number tropical with close 

in Kenya have been COIlUUlCle:u loeselii (Burgeff, 1936), Bulbophyllum 

elisae, Calanthe veratrifolia,(= triplicata) Epidendrum (hybrid), Liparis reflexa, 
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Oberonia iridifolia (Clifford and Smith, 1969); Eulophia guineensis, Vanilla sp., 

Epidendrum nocturnum, Cyrtorchis Diaphananthe (Barthlott, 1976), Eulophia 

alta and ",",,,,,,,,'rt'rt (Chase and 1990), Microcoelia spp. (Jonsson, 1981a, b), 

and Vanilla (Cameron '-'11(+,31.", 1998), it is considered that data obtained the 

present study will be a significant contribution towards a comparative study of 

with those studied. Several questions posed: 

example, how the varied ecology orchids affect seed development or role 

does common ancestry have the evolution seed coat characters? Another important 

area which has considered present study is the possibility using the 

variation in coat morphology to discuss the relationships to ecology and 

aIm of the present study is to utilise both quantitative and descriptive SEM 

characters of the Kenyan Epidendroid orchids 1993) to examine at "'IJ"""''''''' 

whether variation of 

phylogeny of the species. 

coat morphology is determined by shared habitats or 

3.2 MATERIALS AND METHODS 

3.2.1 Species studied and seed sources 

IJ"'''''''''' were "' ...... UJH.' ..... to reflect the full range habitats in (from coastal .-"' ... ,'".-" 

to montane forest, from arid shrublandlscrubland to mesic grassland, from cotton 

soil to sandy soil substrate). In addition, an attempt was to obtain from the 

subtribes of the Epidendroideae in Kenya. This would allow the of the hypothesis 

that ecology or phylogeny seed coat morphology. 

Fifty 20 and four of Kenyan were studied. 

possible, 

variation. 

collections species were included, to assess intraspecific 
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were collected mature capsules of living plants the field: vouchers and 

localities are summarised in 3.1. Fully developed 

natural conditions in the 

were isolated from mature 

capsules that dried were .. "'l" .... A"prI from 

capsules by the "'jJ"".L.",., fully with aid of a "'''''UjJ'~L collecting the 

glass tubes. Seed seeds on white papers, from which they were transferred into 

was determined SUbjectively. All seeds were stored in specially .... """"jO,L."" .... 

small manila "'LV'"''''''' placed over calcium (CaCh) a 

m a at 10°C for handling i.e. 

microscopy. These storage conditions were found suitable for irp"'· .... 'n 

so that no physiological or morphological _"_~'/:)"Y occurred in them. 

container, and 

electron 

seeds 
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Table 3.1: Collection data orchid used Scanning Electron Microscopy 

(SEM). The specimens are listed order each subtribe the 

classification 

Subtribe Aerangidinae 
Aerangis brachycarpa 
(A.Rich.) 
Th. & '-'''.HUL. 

con/usa J. 
coriacea Summerh. 

""VUH/U (Kraenzl.) 

A. thomsonii Schltr. 
A. ugandensis Summerh. 

(Rolfe) -':nn'tnP1"h 

Chamaeangis 
(Reichb.f.) Schltr. 

sarcophylla Schltr. 
vesicata (Lindl.) Schltr. 

Cyrtorchis praetermissa 

Diaphananthe l"v",,,11/1 

Summerh. 

(Schltr.) 
Summerh 

collection no. 

B. Bytebier 0018 
J. M. Dchora 

1. M. Dchora 26 
Bytebier 0038 
Bytebier 

J. Dchora 

Bytebier 0072 
J. M. Dchora 
J. M. Dchora 

Langata forest 
Dlchore Dnyore (0045'S.,35°22'E.) 

Mathews ... " ........ F,v 

(1 °07 .5'S.,36° 40'E.) 
(l°14'S.,34°48'E.) 

Tigoni (1 °07 .5'S.,36° 40'E.) 
Kakamega forest (0016'N.,34°55'E.) 

(0° 

Mt. Kenya (0019'S.,37°31 
Langata forest (1°22'S.,36°43'E.) 
Mara Sanctuary 

K'uTpnll"1" 0095 Saiwa N. 

J. Dchora 
B. Bytebier 0015 
J. M. Dehora 44 

Foresti 109B. 

"'''UU''',", (0006'S.,36°28 'E.) 
(4°1 33.5 

Kuja valley (0047'S.,34°60,E) 

Rangaeris amaniensis Bytebier 0117 Mount Kulal (2°48'N.,37°05'E.) 
Summerh. 

Solenangis aphylla (Thou.) B. 0008 Taro (3°46'S.,39°07'E) 

S. wakefieldii (Rolfe) Cribb 
1. 

Tridactyle bicaudata 
(Lindl.) Schltr. 

Subtribe Aeridinae 
Cribbia brachyceras 

Bytebier 0009 

J. Dehora '-nni,."..",.n of Nairobi (1 

1. M. Dchora 43 
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Sub tribe Angraecinae 
Angraecum 

A. erectum Summerh. 
Subtribe Eulopbiinae 

Bolusiella iridifolia 
(Rolfe) Seh1tr. 
Eulophia angolensis 
(Lindl.) J."""cvUI.,'.J. 

horsfallii (Batem.) 

petersii Reiehb.f. 

speciosa (Lindl.) Bolus 
E. streptopetala Lind. var. 
stenophylla (Summerh.) 
Cribb 

streptopetala Lindl. var. 
streptopetala 

(Reiehb.f.) Garay & Taylor 
Tribe Cymbideae 

Sub tribe Cyrtopodinae 
Ansellia africana Lindl. 
Tribe Malaxideae 

Subtribe Liparidinae 
bowkeri 

deisteli 
Oberonia distich a Lindl. 

Epidendreae 
Sub tribe Coeliinae 

Epidendrum cinnabarinum 
Salzmann 

E. ibaguense 
Subtribe Polystachyinae 

Polystachya adansoniae 
Reiehb.f. 

P. bella Summerh. 
bennettiana Reiehb.f. 

campyloglossa 
confusa Rolfe 

cultriformis (Thou) 
Sprengel 

P. dendrobiiflora Reichb.f. 
eurychila ;:;UI1nIllc;:rn. 

Bytebier 12 

Bytebier 0068 

J. M. Oehora 

B. 0039 
J. M. Oehora 
J. M. Oehora 21 
A. Foresti 103 
J. M. Ochora 
J. M. Oehora 30 
J. M. Oehora 11 

Bytebier 0064 

B. Bytebier 00S7 
J. M. Ochora 71 

722 

J. Ochora 5 
J. Oehora4 
D. Patel 

J. M. Oehora 14 

J. Oehora 70 

J. M. Oehora 29 

Newton 
Bytebier 

85 

Gazi (4°2S'S.,39°30'E.) 
falls (1°10'S.,37°13E.) 

Aberdares Park (0018'S.,36°07'E.) 

Milimaini swamp (1004'S.,36°S1 'E.) 

curo.n-tn (0029'S.,3S004'E) 
(0022N.,39°28'E.) 

hills (1 °24 'S.,36°31 
Embu (0027'S.,37°30'E.) 
Kilima (1°33'S.,37°24'E.) 
Kilima (1 °3 3 

Mwache 

(1°1O'N.,35°0S 

(4 ° 00'S.,39° 32'E.) 
(0016'N.,34°55 'E.) 

GateN. 
(00S4'S.,36°21 'E.) 

Saiwa swamp (1°1O'S.,35°0S'E.) 
Saiwa (1°1O'S.,3S005'E.) 
University of Nairobi (1°19'S.,36°48'E.) 

Lanet (0024'S.,36°08'E.) 

Langata (1°24'S.,36°43'E.) 

Kuja valley (0047'S.,34°60,E) 

Kerieho (0024'S.,3S033'E.) 
hills (3°21'S.,38°24'E.) 

Saiwa swamp Park (1°1O'N.,3S00S'E.) 
Muahills 
Mount Kulal (2°48'N.,37°0S'E.) 

Rukinga hills (3°49'S.,38°41 
Saiwa Swamp N. Park (1°04'N.,3S006'E.) 
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P. fusiformis (Thou.) Lind!. 
P. spatella Reichb.f 

tessellata Lind!. 
P. transvaalensis Schltr. 

vaginata Summerh. 

1. Ochora 
J. M. Ochora 18 
1. M. Ochora 61 
A. 736 
A. 771 

86 

Manga (0033'S.,34°57'E.) 
Aberdares Range (0006'S.,36°28'E.) 
Kinango (4°19'S.,39°19'E.) 
Mau escarpment (l°02'S.,36°08'E.) 

(0049'S.,36°1 
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Microscopy 

to the small the seeds, all morphological observations were done by scanning 

electron microscope (SEM). Light (LM) simply does not provide a 

resolved detailed vvu. .... "' ..... v ...... image of coats. Details 

coat structure """''''VUJ,'''' more ~nr'~r~'n the SEM, fine details 

such as cell-wall lignification patterns and wax deposits, which are hardly discernible 

the light if seed colour was readily etermme:d by mere 

observation in the field or when seeds are to small tubes 

(Barthlott, I b), a dissecting microscope IS nelces:sar for additional 

HUl''''''''H of this significant character. 

instruments were to examine At the East Herbarium, 

a JSM-l sC3lnnmg electron crolsccme at an acc:elleraUnQ of 

kV was used, with a working distance of 48 mm. All electron micrographs were 

from the photographic cathode-ray tube with Ilford HP 5 roll Material for 

this analysis was mounted on double-sided aarleSlve and the sides the stubs were 

coated paste, to entlanc;e electron stubs gold vva .. ...,,,, a fine ion 

sputter 1 00 vacuum evaporator. At the Microscopy 

Cape Town, seeds were on aluminium stubs using carbon 

University of 

mixed with 

at a ratio of ca. 1: 1. stubs were C03ilea with gold and "''''', .... u .... '.... with a 

at a filament 

micrographs being taken 125 FP4 roll No differences 

were observed, and magnification of entire seeds varied 150 to 980 x. 

For the 

stubs. An 

analyses five to ten air-dried of specles were 

"'''''''VA'''''' were any mt]~asJ)ec1itic variation. 

10 kV, 

to voltage 

on the 
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Morphometry 

Measurements of coat attributes 3.2) were done from SEM HH"'O"'''' of 

usmg .wvv"",uu software on a LEO S400 computer-assisted measurement using 

the point to point In this procedure SEM images are transmitted to a 

stereoscan S440 computer for scanning. The images are focused on screen, 

measurement of the software are used. Measurements were performed 

on at least specimens on each stub. All the sizes were displayed on screen 

and recorded on the stereoscan in micrometers (IJm). 

The studied specimens were and on screen to establish any 

individuals the same species. included and 

lengths, breadths, and numbers. Cells were counted over the entire length and 

widest of testae in absolute units. were then measured in 

their 10Illge:st and axes micrometers. Only variables were 

rec:orclea and in further analyses. Standard Unl'UH" (SD) representmg variation 

the individual seeds a SDt~CH~S were calculated and these proved particularly useful 

in length and width measures. 

The outlines the seeds from micrographs on to transparent 

cartographic and shape were determined terms two· 

dimensional symmetry, using the terminology Steam (1992). Data were recorded 

from all the electron micrographs taking into account the differences in magnification. 

Qualitative data 

addition to raw measurement and count data, qualitative 

morphological variation of the were by examination of the 

coats (Table 3.2). Characters associated testa such as arrangement the 

cells, their UU' ......... Jlv lamella, secondary sculptures, epicuticular waxes on seed and 

general were conservative and informative from seed 

to a speCIes. 

Photographic imaging 

SEM micrographs were produced Adobe Photoshop 

version 4.0. The of seeds were scanned 

AF and digitized on a SAMPO/ALPHA scan 17 mx ......... H ... - ... 

software, 

scanner 

Photographic 

images were observed Photoshop using the option of the same and 
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printed using 

photographic 

Codonics image software on a NP-600 Codonics 

printer at a brightness of camma 1.5 and a contrast 30. 

3.2.6 Analysis of data 

In order to simplify discussion of the seed coats, it is to 

establish than classification coats into 

"types", or to use one or two striking coat it is better to use multivariate 

analysis which can all the variation into account. To this end both analysis 

and ordination were employed utilizing characters listed in Table Three 

complementary ordination algorithms were Principal Components (PCA), 

Multidimentional (MDS), and Principal ..... u ...... ""'" Analysis (PCO). 

Cluster 

Data were entered on to a computerised program (Microsoft 

version 5.0) for easy accessibility by other computer analytical programs. patterns 

of variation within the matrix were analysed both clustering techniques and 

ordinations. As no (evolutionary) was attached to 

characters, all were given an equal weighting of similarity h""t'\1lf"",:>n 

data matrix was developed and analysed 

phenetic for Windows 2.0 (Rohlf, 1,997). 

data were standardised (Sneath and Sokal, 1973) usin& the STAND 

(standardization) subroutine so that each character would 

a sample standard of unity. The 

relatlC:ms;hll)S of taxa in n"I,,'t.-.v were calculated by 

terms of This 

Vll'''''''''''v relationship or aum11:y Everitt, 1982). 

is less affected 

in the study (especially 

QU .. ''''''U to have the 

taxonomic units (OTD's) 

The sequential, hierarchical, 

a sample mean of zero 

matrices 

SIMINT (similarity lT1T"'T\'<4 

... "'"'''"' .. ,,,.., .. of the mrer-£axon 

"i" ...... ,,"" coefficients 

number of operational 

the number of OTD's is 

subroutine was to perform the unweighted 

clustering method 

group method with 

anthmetlc averages (UPGMA) pattern 

was to cluster OTD's, as it been shown to UUlln .. ,l1';:" .. , 

clustering 1970). The COPH 

to test goodness-of-fit distance implied in 

1973). 

of 

subroutine was 

matrices and the 
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original distance or correlation Cophenetic below may 

severe distortion dendrogram at lower linkages that the diagram is 

misleading. 

3.2.6.2 Ordination 

Principal Component 

was performed to determine which characters are most important in the 

relationships between the seeds in dimensions of multivariate analysis. 

assumes that the variation in each character is continuous. set analysed 

binary 

to 

meristic which do not this 

the patterns relationships Multidimensional 

Co-ordinates analyses were these derive co-ordinates 

standardized in hyperspace the distance matrix, not from the 

hence do not the assumption varies continuously. 

Multidimensional scaling (MDS) 

symmetrical (dis)similarity distance cm~IIlCl matrix data used in the ....... , ...... & 

analysis was subjected to a nonmetric multidimensional analysis, nonmetric-

(Kruskal, 1964; 1980). ordination technique was used to rp1"\,rpc:!pnr 

dissimilarity among objects (seeds) so interpoint 

dimensional 

the objects. 

correspond as as possible to observed distances 

ordination ranks similar objects close together and dissimilar 

objects far apart in selected aWaellISl<]lns. 

The stress, which 

measures the Lau,,,,,,,,,, 

distances 

....... '."'...,."' ... of "v,m~mce accounted for" the place of 

als[ancesmthecOllIl'~nUlc,n to mcmOlOIlle function of 

purpose of 

The is 2 in three U.11,<1"'11.::o1\.111.::o 

""""'''''''''11' study the measure that was used 

value shows how well the graphic 

distances fit the distance 

£'I'\,mn,,]1",,'11 to those in 

in the original data. The ranking achieved was then 

- •• 1::0 .... _. similarity matrix, (Tn, ... ". a measure of 

the go()anleSS"OI­ or the results 

which is 

data. 

is optimized 

are improved. 

iterations increasing iterations stress values 
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3.2.6.2.3 Principal co-ordinates (PCO) analysis 

symmetric (dis)similarity QlS1Can(~e CIDeIIlCJlents were to a product 

by using the double centre module this way it was possible to 

compute eigenvalues and eigenvectors (resulting in a principal co-ordinates analysis, 

Gower, 1 1967, 1969, 1 ) for quantitative data. 

The module was used to cOqlpute the transformed matrix. 

The vectors, principal axes, were in producing 

graphic representation of the objects the projection module. 

3.3 RESULTS 

3.3.1 variation 

3.3.1.1 Seed 

Trends in aInl1eIlSlCms were discerned in this study and that variation 

occurs even .,'1TnUl fruit. The are generally .... '''~.''', varying from ~ 174 to 

2818 IJm in length 1 IJm in width, with majority having length in 

the 440-800 IJm range. The largest seeds are found two speCIes the 

with an extraordinary length to 2818 IJm. 

width with E. cinnabarinum (width 287 

IJm) being broader than the of the species of Eulophia and Ansellia 

/nrl'rnY,,, are rather long in to 8961Jm, while seeds, <500 

IJm, are most commonly observed in epiphytic "'1-',",''''''''''' 

3.3.1.2 Seed shape 

the seeds show ttp'rpnI"PC! according to or ",,,, .. nt>t.1'YI,"''' "";'-',",,''''''. Ovoid 

spatella (Fig. 13), adansonii 3.23), 

(Fig. 3.27), Oberonia disticha (Fig. 3.44) and Cyrtorkis praetermissa (Fig. 

3.43). Oblong seeds are found in majority in the study group as exemplified 

3.5), Angraecopsis gracillima 3.7), Polystachya 

campyloglossa (Fig. (Fig. 11), erectum (Fig. 19), 

Rangaeris amaniensis (Fig. tessellata 3.25), muscicola 

3.41) and Chamaeangis odoratissima (Fig. 3.45). with narrowly oblong shapes, 

though occur in Microcoelia koehleri (Figs. 3.1), 

Microcoelia 3.3), Solenangis. with shapes all 
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others by tapering towards both as in Epidendrum cinnabarinum 3.29), E. 

IDa;~ense (Figs. 3.31), Oeceoclades sazmaerS'lar.ra and Ansellia The seeds of 

the are 

prominently demonstrated 

exhibited. 

3.3.1.3 Colour 

IS 

where both ovoid 

yellow, brown, 

a genus as IS 

shapes are 

The 

brown 

a variety of colours; 

yellow. Though '.UU"V~JLU in most O'P'f1ipr!l 

a ,..,_.,,_w. as observed, for "''''''..lHV 

dark 

to 

Eulophia and 

3.2). 

3.3.1.4 coat ornamentation 

General micro ornamentation of the fall into two categories, reticulate 

pattern (Figs. found in terrestrial and the wavy pattern of epiphytes 

(Figs. -3.46). Interesting additional features to of 

ornamentation 'epiphytes are the extensions transverse 

were first orchids (Chase 1988). 

These Cribbia brachyceras 3.5-3.6), and trichome-like .... ,. ......... "'" In 

species of (Figs. 3.1-3.4) and Solenangis. Similar extensions form of 

ridge-like are also found in the monotypic Ansellia africana. In Oberonia 

Polystachya spatella (Fig. 3.1 some populations of disticha (Fig. 

africana, and sm~CH~S 

twisted 

3.3.2 Cell variation 

3.3.2.1 Cell structure 

The seed coats consist 

seed coat is made up 

categories of 

narrow slender, 

portion 

of Chamaeangis 

cells with concave 

cells on the long axis and 

the large elongate 

of epiphytes. 

the ends. 

are cn,rraictelnSllca.ll 

The main part of 

on the short axis. 

species 

are found more 
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3.3.2.2 Cell shape 

of cell shapes ""~T_''''U in the median seeds is COfISl(l:era 

a shape is 

In DU,luuruu 

3.27-3.28), and 

elongate shapes 

distich a 3.9-3.14, 3.41 

3.7-3.8) and spatula-like "' ..... v"'o.> 

Cell end walls 

Oeceoclades SUf.,lnU,f::rSitU a 

(Figs. 3.35-3.36), hexagonal and 

of Eulophia (Figs. 3.33, 3.34, 3 .40), 

of Microcoelia, Cribbia brachyceras and 

a dumbbell shape Angraecopsis gracillima (Figs. 

prnl"lO'lti1 (Fig. 3.1 

The 

above 

walls are flat in Eulophia, Liparis Oeceoclades, arched 

seed surface in Polystachya and many of the or TT!>'""",pnop 

features, as and Solenangis, hook-like LV .......... '" 

or ridge-like C't ..... "h ... ""'" 

endings 

than being joined to the endings occur independently in the seed coat 

longitudinally neighbouring cell by a middle lamella, 1'I' ..... ' ... " .. ,.hn with those of 

cells or transversely lying by in the seed coat 

or four '"' ..... u"fo~.., are associated 

at junctions 

completely or partially 

with a "UlJl1\.""l line between 

3.7-3.8). 

middle lamella is 

walls, as in Eulophia 

14, 3.27-3.40). rare 

a common ............ v ..... n .. " ... 

wall-to-wall adhesion zone IS 

In in most species or 

Epidendrum. All C;:1"'IF'('U'C;: 

at the micropylar with variable diameter depending on the 6""'"'''' 

3.3.2.5 Anticlinal walls 

un'd""'''''''' anticlinal 

Other have seed 

in Polystachya dendrobiiflora). 

cells 

that consist almost 

species are 

of anticlinal walls (notably 

longitudinal walls are straight in most or 

T<>Tl"""'T"'" anticlinal walls of epiphytes are arched 

above 

are 

where 

surface except dendrobiiflora 

specIes 

incomplete, a groove, In 

V1rtnro''IJlo bicaudata 

LUi,U/JjrHU, Oeceoclades, J!.,TJ,!aeiflal'Um 

a concavity, at comers 

cells meet. Their transversal walls are appearing raised only u ..... ' .. u.;.'" 
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the outer ''-'UI ..... walls are In Ansellia nT~"l"r' .. anticlinal 

nature is 

are completely 

and "i"\"A .. ~.rI with a that 

anticlinal walls are fairly uniform thickness, 1.7-5.6 ~m. 

3.3.2.6 Periclinal walls 

Periclinal It''t<:lI''PC! are concave sunken to take a 

terrestrial but in Pt'nnn'fTPC! are almost completely "n"pr~'n 

from cell ends. They exhibit anticlinal walls are visible 

sculpturing, which reveals a distribution only in 

seeds of 

by the thick 

kinds of 

speCIes . 

Sculptures • Vl"S ................ striations occur exclusively in africana. 

L.I".v~"u, .. , u't;<;.eU(;lU,Ut;.'} and Liparis in 

thickness, and one another. widely C!n<:lI"PrI striations of 

Liparis and Oeceoclades join the anticlinal walls at angles, and the closely 

spaced striations of Eulophia, streptopetala, they vary angle of 

attachment to anticlinal walls. features are more or 

between ...... ~u.., are "Tnn",rn Ansellia and warty 

in an other The periclinal of the of epiphytes are warty, except 

those of Oberonia disticha and Cyrtorchis praetermissa, both of which smooth 

periclinal 

3.3.2.7 Epicuticular secretions 

Secretions, of waxy deposits, are observed in many epiphytic Verrucose 

wax deposits the entire of anticlinal walls are widespread in P. 

dendrobiiflora, transvaalensis, confusa and Verrucose waxes occur 

Bolusiella and Tridactyle bicaudata. in the caps, 

first referred to Ziegler (1981). are present in Microcoelia, Solenangis, Diaphanathe, 

tessellata, Ansellia africana. Ansellia secretions are observed 

along the longitudinal striations of periclinal walls. 
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Figures 3.1-3.8: Scanning Electron Micrographs (SEM) of mature seed coats (In all cases 

scale bar = 100 11m for entire seed and scale bar = 10 11m for details of seed surface). 

Figs. 3.1-3.4 Microcoelia. Figs. 3.1-3 .2: M. koehleri, entire seed; Fig. 3.2, details of seed 

surface. Figs. 3.3-3.4: M. exilis; Fig. 3.3, entire seed; Fig. 3.4, seed surface. Figs. 3.5-3.6: 

Cribbia brachyceras; Fig. 3.5: entire seed; Fig. 3.6: seed surface details. Figs. 3.7-3.8: 

Angraecopsis gracillima; Fig. 3.7: entire seed; Fig. 3.8: seed surface details. 
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Figures 3.9-3.16: Scanning Electron Micrographs (SEM) of mature seed coats (in all 

cases scale bar = 100 )lm for entire seed and scale bar = 10 )lm for details of seed 

surface). Figs. 3.9-3.11. Polystachya; Fig. 3.9: P. campyloglossa, entire seed; Fig. 3.10: 

seed surface details. Fig. 3.11: P. transvaalensis, entire seed; Fig. 3.12: seed surface 

details. Fig. 3.13: P. spatella, entire seed; Fig. 3.14. seed surface details. Figs. 3.15-3.16. 

Aerangis : Fig. 3.15, A. brachycarpa, entire seed; Fig 3.16: seed surface details. 
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Figures 3.17-3.24. Scanning Electron Micrographs (SEM) of mature seed coats (in all 

cases scale bar = 100 ).lm for entire seed and scale bar = 10 ).lm for details of seed 

surface). Figs. 3.17-3.18: A. ugandensis, entire seed (scale bar = 100 ).lm); Fig. 3.18: 

seed surface details (scale bar = 10 ).lm). Fig. 3.19-3.20 Angraecum erectum: Fig. 3.19: 

entire seed; Fig. 3.20: seed surface details. Figs. 3.21-3.22: Rangaeris amaniensis. Fig. 

3.21: entire seed; Fig. 3.22: seed surface details. Figs. 3.23-3.24: 3.23: P. adansoniae, 

entire seed; Fig. 3.24: seed surface details. 
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Figures 3.25-3.32. Scanning Electron Micrographs (SEM) of mature seed (in all cases 

scale bar = 100 )lm for entire seed and scale bar = 10 )lm for details of seed surface). Fig. 

3.25: P. tessel/ata, entire seed; Fig. 3.26. seed surface details. Figs. 3.27-3.28: Liparis 

bowkeri. Fig. 3.27: entire seed; Fig. 3.28: seed surface details. Figs. 3.29-3.32. 

Epidendrum. Figs. 3.29: E. ibaguense, entire seed; Fig. 3.30: seed surface details. Fig. 

3.31: E. cinnabarinum, entire seed; Fig. 3.32: seed surface details. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

99 

mature coats 

cases 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

100 

Figures 3.41-3.46. Scanning Electron Micrographs (SEM) of mature seed coats (in all 

cases scale bar = 100 )lm for entire seed and scale bar = 10 )lm for details of seed 

surface). Rangaeris muscicola. Fig. 3.41: entire seed; Fig. 3.42: seed surface details. Fig. 

3.43: Cyrtorchis praetermissa. Fig. 3.44: Oberonia disticha. Fig. 3.45. Chamaeangis 

odorattissima. 3.46. Polystachya fusiform is. 

J 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ta 

tal 
lal----...J..;.,;AlJ 

ml-- -.f-:."" 
l~ 

t~ 

. : . ' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

mature coats. 

101 

c. 

e. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

102 

ns 

at new = at 

coat. 



University of Cape Town

1 
2. 
3. 

4. 

5. 
6. 

7. 

8. 
9. 

7. 
8. D. telluicaicar 

odoratissima 

19. EuloDhia anp"Olensi.1 

21. ova lis 

22. E. 

26. Epidendrum 

brown 

dark brown 

dark brown 

white 
brown 

brown 

brown 

brown 

brown 

white 
white 
white 
white 

white 
white 
brown 

white 
white 

white 
white 

ns 

4 354.0 
3 386.9 
4 548.3 
4 366.6 
3 396.7 
4 465.3 
3 415.0 
3 380.2 
5 441.2 

4 326.7 
8 872.5 
3 289.3 
3 361 
6 396.1 
3 404.2 
3 216.26 

342.8 
3 459. 
6 685.5 
5 872.4 
6 690.2 
6 644.1 
6 853.4 
5 896.2 
6 849.6 
7 2818.0 
5 1598.0 

i.J,",,,,\,..S "T.LU"" SD 

55.41 50.5 
6.0 99.0 
26.3 55.8 
73.3 46.6 
8.0 78.1 
62.4 65.3 
10.8 44.2 
78.0 45.6 
32.4 74.2 
1.1 68.5 
53.1 217.9 
11.3 70.1 
44.4 60.5 
47.5 65.2 
18.0 75.0 
20.5 6l.0 
7.2 78.0 
14.9 84.0 
54.2 213.2 
115. 291.6 
203. 215.5 
78.3 201.5 
60.9 257.3 
46.2 218.3 
70.6 223.9 
0.6 287.0 
0.6 145.0 

15.5 
9.5 
2.7 
4.4 
4.9 
9.3 
12.5 
12.2 
10.1 

11.6 
29.8 
14.2 

3.4 
9.6 
23.3 
15.8 
1.9 
6.6 
40.1 

1.9 
82.5 
40.5 
41 

24.8 
29.5 
40.7 
30.2 

Ratio IJw nc1 new CeUs/mm Cell 

7.0 

3.9 
9.8 
7.9 
5.1 
7.l 
9.4 
8.4 
6.0 
4.8 
4.0 
4.1 
6.0 
6.1 
5.4 
3.6 
4.4 
5.5 

3.0 
3.2 
3.2 

3.3 
4.1 

3.8 
9.8 

1.0 

testa 

5 11 14.1 
5 10 12.9 
6 12 10.9 
6 14 16.4 
6 15.1 
6 12 12.9 
4 15 9.6 
4 1 10.2 
5 18 11.3 
5 16 15.3 
9 4 10.3 
5 14 17.3 
7 18 19.4 
6 19 15.2 
4 8 9.9 
3 13 13.9 
9 11 26.3 
10 12 21.8 
6 5 8.8 
7 4 8.1 
6 4 8.7 
6 4 9.3 
6 4 7.0 
6 4 6.7 
7 4 8.2 
65 15 23.1 
35 4 21.9 

101.7 
14.5 
20.7 

61.1 
04.1 
10.9 
82.5 

87.6 
59.1 
59.7 

75.5 
26.4 

92.4 
99.6 
87.5 
101.2 
97.6 
137.5 
135.2 
240.9 
125.1 
138.5 
268.6 
195.1 
180.3 
88.9 
80.3 

SD 

13. 
3.2 
30.5 
2 .9 

10.6 
24.1 
5.4 
62.8 
18.6 
9.3 
48.8 
17.7 
28.9 
14.4 
18.4 
19.9 

1.9 
27.0 
25.5 
55.5 
17.6 
39. 
77.4 
48.1 
50.4 
25.9 
3.0 

Cell SD 
width 

5.5 2.65 
0.03 

4.2 .8 
3.4 .9 
6.1 1.35 
4.8 3.11 
3.2 0.62 
2.6 1.01 
6.0 2.23 

1 0.46 
57.3 13.77 
5.8 2.15 
2.3 0.63 
1.6 0.24 
2.1 0.71 
4.1 2.10 

2.4 0.85 
2.3 0.83 
64.1 12.11 
127.0 64.08 
45.8 6.09 
61.8 20.36 
61.2 22.78 
98.8 85.68 
90.4 57.56 
23.4 5.2 
28.2 2.4 

103 

Ratio celllJw 

18.53 
99.98 
28.96 
17.77 

11 

23.28 
57.63 
33.4 
9.93 
33.04 
3.06 
22.0 
40.03 
64.16 
41.87 
24.88 
41.0 
60.57 
2.11 

.9 
2.73 
2.26 
4.39 

.98 
2.0 

3.8 
2.85 
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28. bowkeri 

29. L. desteliii 

30. Microcoelia exilis 

31. M stolzii 

32. M koehleri 

33. Oberonia disticha 

34.0eceoclades saunders ian a 
35. adansoniae 

36.P. bella 
37. P. bellneltiana 
38. P. rnmmHn 

39. P. 
40. P. 

41. P. 
42. P. 

43. P. spa/ella 

44. P. tessel/ala 
45. P transvaalensis 
46. P. lmainnln 

47. Srllenan 

48. 
49. 
50. 

white 
white 

orange 
orange 

orange 

white 

cream 

cream 

cream 

white 

5 278.4 
5 200. 
5 558.8 
3 543.0 
6 496.6 
3 174.0 

6 586.3 
4 258.8 
3 347.1 
3 376.9 
7 307.8 
3 426.9 
6 241 
3 469.1 
6 380.6 
6 268.0 
7 237.1 
6 370.0 
3 430.4 
4 225.8 
4 253.9 
6 321.4 
4 193.2 

52.2 68.6 
48.3 61.7 

1.4 51.6 
63.3 49.4 
7.5 50.8 
6.3 57.3 

51.9 
17.1 87.9 
33.5 94.6 
33.7 80.0 
48.9 67.2 
86.3 91.8 

33.2 77.8 
53.7 84.0 
28.5 91.9 
56.1 93.5 
20.6 72.4 
71.2 78.4 
19.9 83.5 
53.8 38.4 

8.8 34.1 
87.1 68.8 
10.3 72.0 

28.1 4.1 5 28.7 
20.4 3.3 7 35.0 
3.4 10.8 5 16 
6.0 11.0 5 18 9.2 
3.5 9.8 7 6 14.1 
59.0 3.1 3 16 7.3 
7.8 11.3 2 4 20.5 
9.5 3.0 6 2 23.2 
10.6 3.7 8 II 23. 
8.0 4.5 6 5 15.9 
18.2 4.6 5 6.2 
27.2 4.7 2 18 28. 
8.6 3.1 6 24.8 
8.0 5.6 5 9 
7.0 4.1 6 14 15.8 
10.8 2.9 3 18 11.2 
7.2 3.3 3 13 12.7 
5.4 4.7 7 1518.9 
7.7 5.2 3 12 7.0 
9.6 5.7 5 17 66.6 
8.7 7.5 6 47.3 
9.5 4.7 7 25 21.8 
9.2 2.7 3 12 15.5 

55.0 
65.7 
36.1 
30.6 
37.2 

09.4 
41.0 

44.0 
127.5 
35.1 
02.3 

91 I 
68.7 

07.5 
91.1 

90.5 
05.7 

97.1 
66.8 

71.4 
14.2 

51.1 
136.6 

12.6 
9.1 
7.4 
8.6 
20.3 
7.2 

13.3 
16.4 
38.9 
41.1 
26.2 
13.0 
0.2 
26.4 
21.4 
16.5 
16.4 
47.1 
18.4 
25.6 
14.4 
96.5 
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16.7 2.72 3.3 
19.3 1.048 3.41 
.2 0.01 3 .26 

1.2 0.02 26.6 
.2 0.0 I 32.1 

5.5 0.34 19.97 
5.8 1.5 7.08 

.6 0.2 87.7 
2.4 1.0 53.73 

.8 0.5 73.29 
2.3 0.8 45.5 
2.0 0.6 44.96 
6.5 0.3 10.53 

.6 0.2 68.92 
2.5 0.5 36.64 
4.3 1.37 20.9 
2.1 0.9 5 •. 
1.8 0.5 54.7 
2.9 0.2 57.9 
1.3 0.3 54.11 
1.7 0.6 66.25 
2.0 0.8 26.14 
6.9 1.2 19.81 
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3.3.3 Phenetic analysis 

The cophenetic correlation coefficient (res) value, using distance measures is res = 0.8068. 

Table 3.3: List of character and character states of the orchid seeds used for phenetic 

analysis. The metric units and number of individual measurements studied are shown in 

Table 3.2. 

1. Length of seeds (SLE) (11m). 
2. Width of seeds (SWI) (11m). 
3. Ratio of seed length to seed width (SRAT). 
4. Number of cells at longest axes of testae (NCLA). 
5. Number of cells at widest axes of testae (NCWA). 
6. Number of cells/mm length of testa (NMLT). 
7. Length of cells (CL) (11m). 
8. Width of cells (CW) (11m). 
9. Ratio of cell length to width of cells (CRAT). 
10. Nature of periclinal walls (NPW ALLS): 1 = smooth, 2 = warty. 
11. Anticlinal walls (A WALLS): 0 = completely fused, 1 = partially fused. 
12. Presence or absence of lamella perforations (LPERF): 0 = present, 1 = absent. 
13. Middle lamella (MLAM): 1 = raised, 2 = sunk in. 
14. Outer periclinal walls (OPWALLS): 1 = striated, 2 = not striated. 
15. Micoomamentation of testae (MICRO): 0 = reticulate, 1 = wavy. 
16. Nature of anticlinal walls (NA WALLS): 1 = flat, 2 = not flat. 
17. Transverse anticlinal walls (TAW ALLS): 0 = arched, 1 = not arched. 
18. Testal extensions (TEXT): 0 = present, 1 = absent. 
19. Light brown seed (LBSEED): 0 = present, 1 = absent. 
20. Dark brown seed (DBSEED): 0 = present, 1 = absent. 
21. White seed (WSEED): 0 = present, 1 = absent. 
22. Yellow seed (YSEED): 0 = present, 1 = absent. 
23. Shiny yellow seed (SYSEED): 0 = present, 1 = absent. 
24. Orange seed (OSEED): 0 = present, 1 = absent. 
25. Cream seed (CSEED): 0 = present, 1 = absent. 
26. Fusiform seed (FSEED): 0 = present, 1 = absent. 
27. Oblong seed (OBSEED): 0 = present, 1 = absent. 
28. Narrowly oblong seed (NOSEED): 0 = present, 1 = absent. 
29. Twisting of testae (TWIST): 0 = twisted, 1 = not twisted. 
30. Presence or absence of intercellular spaces (IS): 0 = present, 1 = absent. 
31. Dumbbell shaped cells (DCELL): 0 = present, 1 = absent. 
32. Rectangular cells (RCELL): 0 = present, 1 = absent. 
33. Rectangular and polygonal cells (RPCELL): 0 = present, 1 = absent. 
34. Irregularly elongate cells (IECELL): 0 = present, 1 = absent. 
35. Independent cell ends (IC): 0 = present, 1 = absent. 
36. Spatula-like cell ends (SCELL): 0 = present, 1 = absent. 
37. Connecting cell ends (CCELL): 0 = present, 1 = absent. 
38. Presence or absence of wax deposits (W AXD): 0 = present, 1 = absent. 
39. Seed type (ST): 1 = Group A, 2 = Group B, 3 = Group C, 4 = Group D, 5 = Group E. 
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G. 0 

for the orchid characters described in Table 3.3 based on 50 OTU's cluster 
is shown as the 

marked with an asterisk 
The clusters are labelled 

distance from matrices of 
abscissa. are names. The 
were derived from terrestrial habitats and those without from habitats. 

D and E. Ansellia cinnabarinum and E. are 
orchids. 
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Table 3.5: Stress coefficients using STRESS 2 computation 

Iteration 
o 
1 
2 
3 
4 
5 

Stress Srat 
0.778 0.800 
0.707 0.910 
0.596 0.842 
0.392 0.657 
0.148 0.378 
0.088 0.594 

SRatAV 
0.800 
0.835 
0.837 
0.772 
0.609 
0.604 

SfGr 
0.008 
0.092 
0.010 
0.015 
0.023 
0.013 

Step 
0.163 
0.242 
0.439 
0.486 
0.116 
0.024 
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-0.28 -0.04 0.21 0.45 0.70 
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3.3.5. Seed grou ps 

Based on the multivariate analyses five groups can be recognised. These are listed below 

with the species that make them up: 

Group A- Aerangis brachycarpa, A. luteoalba, A. confusa, A. coriacea, A. thomsonii, A. 

ugandensis, Polystachya adansoniae, P. cultriformis, P. bennettiana, P. fusiformis, P. 

dendrobiiflora, P. spatella, P. campyloglossa, P. tessellata, P. vaginata, Angraecum 

decipiens, A. dives, Angraecum erectum, Angraecopsis amaniensis, Rangaeris 

amaniensis, Cribbia brachyceras, Chamaeangis odoratissima, C. sarcophylla, 

Microcoelia exilis, M. stolzii, M. koehleri, Bolusiella iridifolia, Cyrtorchis praetermissa, 

Oberonia disticha, Tridactyle bicaudata. 

Group B- Diaphananthe lorifolia, D. tenuicalcar, Solenangis aphylla, S. wakefieldii, 

Polystachya bella and P. confusa. 

Grou p C- Epidendrum cinnabarinum, E. ibaguense, Oeceoclades saundersiana and 

Ansellia africana 

Group D- Eulophia angolensis, E. horsfallii, E. o valis, and E. petersii, E. speciosa, E. 

stenophylla, E. streptopetala. 

Group E- Liparis bowkeri and L. deisteli. 
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time (Rasmussen, 1995). Rhizanthella gardneri in Australia lives entirely underground 

(Dixon, 1991). 

Despite the paucity of information concerning the mycorrhizal dependence of orchids 

through their lifespan it has been shown that all orchids require mycorrhizal fungi for 

seed germination and seedling development (Bernard, 1899, 1909; Warcup, 1981a, b; 

Clements, 1982, 1988). Perhaps the induction of seed germination by fungi is the most 

important factor limiting conservation since this relationship is crucially important for 

the re-establishment of rare and endangered orchids by growing them from seed. 

Although much interest has been shown in recent years with regard to the general 

question of symbiosis between orchids and fungi, our understanding of the subject 

remains incomplete, particularly for orchid species from East Africa. 

Early research on symbiotic seed germination was conducted by Bernard (1889), using 

seeds of the hybrid Laeliocattleya and various fungal strains isolated from the orchid. 

One of these, a species of Rhizoctonia, caused germination, which led Bernard (1909) 

and also Burgeff (1909) to conclude that germination of orchids can be caused only by 

the aid of endophytic fungi belonging to the genus Rhizoctonia. Although major 

breakthroughs have been made in identifications of mycorrhizal fungi, not all of them are 

of common occurrence, and even those that have been utilised for symbiotic seed 

germination of some orchids do not work for other orchids (Warcup and Talbot, 1967). 

The problem is compounded by the fact that, although many strains of fungi are recorded 

in the literature, most of them are not of common occurrence globally. The present state 

of knowledge in relation to host-fungus specificity in germination is far from 

comprehensive (Hadley, 1970; Warcup, 1971, 1973; Clements, 1981, 1982; Perkins and 

McGee, 1995). 
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4.2.5 In vitro symbiotic germination tests 

Seeds stored at 4°C belonging to six species each of Eulophia and six Polystachya (Table 

4.1) were used in the symbiotic germination experiments. The seeds (150-200 per 

experiment) were pre-treated in 5% (m/v) Ca(OClh mixed with two drops of Tween 80 

(0.05% v/v) for 10-20 minutes (H. N. Rasmussen, 1995), rinsed five times in sterile 

distilled water, and sown on the surface of 2% oat agar medium in slants (Djick & Eck, 

1995). Each of the twelve fungal isolates (Table 4.5) of the ten orchids species (Table 

4.1) was applied to seeds of each of the 12 orchid species, and each inoculation was 

replicated three times. In doing so, small blocks of isolation medium in which the fungi 

were well established were aseptically cut and added to the petri plates and slants 

containing seeds. In addition, three replicates of uninoculated seed were used as 

controls. The preparations were sealed with parafilm to control contamination. 

The multiple cross-inoculation experiments as above were also performed using the 

germination medium, which has a higher concentration of sucrose (10 g.rl), in addition 

to glutamine and inostol which are not incorporated in the oats medium. 

Germination conditions were set at 16h light at 22°C, followed by 8h dark at 18°C. 

Humidity was 70% and light intensity of 130 )lmol.m-2.s-1
• Seeds were subcultured 

every 28 days. 

To monitor germination five to ten seeds from each of the cultures were mounted onto 

glass slides, stained with 0.05% trypan blue in lactophenol and covered with cover slips. 

These were observed under a microscope with low-power objective lenses to monitor 

germination. Swelling and differentiation of the embryos followed by seed coat rupture 

recognized germination. The entire process was graded as follows: - no germination, 0 

swelling of embryo and inversion of fungus, + embryo differentiation/germination, ++ 

seed coat rupture, +++ protocorm development. Observations were made using ordinary 
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Table 4.6: A list of endomycorrhizae isolated from epiphytic and terrestrial Kenyan 

orchid species. The fungi with question marks against them do not conform to the 

described species in the existing fungal taxonomy. E = fungal isolate from epiphytic 

orchids and T = fungal isolate from terrestrial orchids. 

Strain Endomycorrhiza EfT Source orchid 
El Cytosporella sp. T Eulophia angolensis 
E2 Basidiomycete sp. T E. streptopetala var streptopetala 
E3 Gilmaniella sp. T E. streptopetala var. streptopetala 
E4 Rhizoctonia stahlii T E. speciosa 
E5 Rhizoctonia sclerotica T E. petersii 
E6 Rhizoctonia sp. T E. streptopetala var. streptopetala 
E7 Mortierella sp. T E. streptopetala var. stenophylla 
E8 Imperfect fungus(?) E Polystachya steudneri 
E9 Imperfect fungus(?) E P. dendrobiiflora 
EIO Ceratobasidium sp. E P. campyloglossa 
Ell Ceratobasidium sp. E P. cultriformis 
El2 Imperfect fungus(?) E P. tenuissima 
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4.1-4.6: Mycelium symbionts isolated from the mycorrhizae mature 

Eulophia 

stenophylla; fh 

Figs. 1 Rhizoctonia sclerotica of Eulophia streptopetala var. 

"'''''1'>''' hypha, hb == hyphal branching, mc branched monilliod cells; 

: Mycelium of Rhizoctonia sp. of Eulophia streptopetala var. streptopetala; me = 

non-branched monillioid cells, ht == long extlenSlon of hypha 1 tip, fh = fungal hyphae. 

Figures 4.4-4.6. of symbiotic germination of 4.4: Formation of 

symbiosis between Polystachya fusiformis Rhizoctonia after 6 

days of s whole seeds showing fc = colonisation at 

micropylar pole, fh ;:: fungal hyphal extensions. 4.5: of Eulophia 

streptopetala var. stenophylla with pelotons formed in vitro with Rhizoctonia sclerotica 

after 14 days; s = whole seed, su = suspensor cells, mt accumulation of hyphae, 

fh = fungal hyphae. 4.6: Seedling of Polystachya fusiform is at 60. 

fl = first leaf, sc remains of .. " .... t" .. ,"'rI 

, germination, r roots. 

after 

seed coat 
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Table 4.8: Im~~-S(;ale for in vitro germination of Eulophia and Polystachya embryos. -

no embryo ttel·enltlatlloOi o ... AAHu" .... ,VH, + embryo differentiation/germination, ++ seed 

coat split, +++ protocorm development. 

0-6 days 7-9 days 14-28 days 50-60 days 60-90 days 120 days 

Eulophia - + + ++ +++ +++ 
, Polystachya - + ++ +++ +++ +++ 
Control 

Eulophia - . - - - -
Polystachya - - - - + +++ 
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4.4 DISCUSSION 

study mycorrhizae their role symbiotic germlltlatlon the Kenyan 

orchids has shown close relationship between orchid germination and its dependence 

on mycorrhizae in their habitats. Findings the study are consistent 

with of earlier urnr!:Pl"C ...,'JH...,,,,' the widespread formation mycorrhizae 

in natural habitats (Burgeff, 1936; 1969; Kollmann, Arditti, 

1979, 1984; Warcup, 1981; \ .. Aeme:ms. 1982). Host which is diversity 

plant in field conditions with which a fungus can form mycorrhizae (Molina et 

1992), was in this In fungal symbionts are host-restricted. For 

example, three popUlations of streptopetala Table in different 

IV,",,,UI,',"," each harbour a different fungus. Therefore, there is no evidence the 

species or In 

associated with a different fungus, 

fungi. 

The endomycorrhizae observed 

Ceratobasidium spp. from 

commonly present 

forms mycorrhizae with all of a 

locality populations an species are each 

the lack of support for specificity for 

Eulophia and Polystachya are comparable 

latter frequently occurs in 

Rhizoctonia and free-living soil imperfect 

fungi to the 

Eulophia 

Moniliales Sphaeropsidales are commonly the 

to the study. Interestingly 

Polystachya has fungal of Cera to basidium and classified as members of 

Tulasnellaceae, which are not and could be common occurrence 

Eulophia their RhizoClOllia-stages. The present observation the first of 

fungi forming rn",rn1rrn, with epiphytic Polystachya Vl\#,U\,J..:>. 
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Since only Eulophias possessed Rhizoctonia species as their it 

can be that these are well adapted for terrestrial habitats. 

Published research reports Rhizoctonia as the most widely fungi, from 

terrestrial 1936; Curtis, 1939; Downie, 1959; Alconero, 1969; Warcup, 

1981; Warcup and Talbot, 1 1971, 1980; Warcup et al., 1987). However, little 

attention has gIven Imperfecti that form mycorrhizae with orchids. 

Perhaps the contribution of the present study together with earlier (Currah et at. 

et 1995) is Fungi Iimperfecti could far more conunon in orchid 

mycorrhizae than was previously thought. 

Endomycorrhizal species belonging to genus Ceratobasidium identified in the 

present study are regular epiphytes( Warcup, 1981; Currah et al., 1987; 

Smerciu and Currah, Uetake, 1997). It is from 

that Ceratobasidium although initially recorded as a terrestrial saprophyte, 

both epiphytic habitats. 

present study 

well 

is scant information in published literature on fungal making it very 

difficult to identify the fungi to specific level without any ambiguity. In this study, 

problem was overcome by analysing the consistent diagnostic to the (YPT1.F"rtP 

or a higher taxon when the distinguishing characters failed to permit further 

identification. Coupled with this problem yet is question of whether 

new has been the present study. Confirmation will require a long 

and the knowledge of an expert mycologist to identify. While there have been 

controversies i.e. the question of ", ... ",.,..,-1-1 of mycorrhizal m orchids 

(Bernard, 1909; Knudson, 1925; Curtis, 1939; Hadley, 1970) data presented fail 

to confirm that in the field the Kenyan orchids are usually associated 

endophytes. 

specific 
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One the research was populations of an 

orchid collected different the same fungus. The findings of 

study show that each orchid population was associated with a endophytes not 

found in other populations of the same orchid species elsewhere. The fact that orchids 

did not same fungal either as a result of shared terrestrial or epiphytic 

habitat or common ancestry, means that the formation of mycorrhiza is not an ecological 

phenomenon. However, it is important 1 gain more evidence on topic by more 

sampling of orchid populations in shared sites within habitats. 

isolates of spp. were reported to be to the 

terrestrial habitat but were also found in epiphytic habitat according to the present study. 

This contention that mycorrhizal fungi are strictly habitat-specific. Curtis 

(1 first indicated that mycorrhizae could show habitat-specificity, and 

publications also verified that association of the wild is highly 

habitat-specific (Warcup, 1 ,1990; Jones 1988; Masuhara and Katsuya. 1992). The 

however, corroborate their findings probably lack 

enough sampling. 

The described for infection of Eulophia Polystachya seeds by mycorrhizal 

and subsequent germination of in vitro show that relationship between 

orchids associated fungi is A small of orchid 

species present study formed protocorms through in vitro symbiotic techniques. 

different combinations of orchid/fungus in 15"'J.uu,u .... Lvu. (see Table 4.7) "'AIJ""'U,~'" 

the that only compatible 

stimulated germination the 

orchids their natural habitats, as 

favourable germination. Fungi that 

are not necessarily the ones isolated from those 

in the E. streptopetala var. stenophylla and 
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The relationship fungi orchids in vitro is unclear although 

mentions that stimulate germination of It only 

appears penetration of the fungus seeds is necessary embryo 

differentiation and continued germination (Warcup, . 1; Zelmer Currah, 

Zettler and McInnis, 1 Despite reluctance by many authors (Masuhara and 

Katsuya, 1994; Rasmussen, Warcup, 1 1975, 1 b; u~ ..... · ..... and 

1 Perkins et al., 1995) to conclude fungi cause actual embryo differentiation, 

and hence the present findings that the fungi stimulate embryo 

differentiation within first two weeks inoculation in the ...... u...... investigated. 

However, in control treatments i.e. asymbiotic germination ","'LUU"LL'''' Polystachya 

fusiformis seeds took days to show germination/differentiation and seeds 

not germinate even after months of incubation and subculturing. Clements (1982) 

found that germination of symbiotically was times than 

asymbiotic germination. The of the he "'''' •. l;;:, ..... '''.... took months to 

... u .... "" symbiotically while the asymbiotic seeds 10-20 U"J ......... to germinate. 

The nutrient medium is important. media developed by Clements (1982) 

then modified by and Eck (1994) and Rasmussen (1995) supported germination of 

infected orchid seeds of Eulophia on slopes. did not readily 

germinate epiphytic "'''F'''''''''' of Polystachya w ... ,,,,,,,, additives raw banana homogenate 

as opposed to 1 0% w/v banana homogenate (Yam and Weatherhead, 1988) 

activated (Rasmussen, 1995), were available in the 

This QlIlterence is due to the fact that the oat me,mu:m was initially 

developed for Australian terrestrial orchid Caladenia with fungus Sebacina 

vermifera (Clements & Ellyard, This has supported symbiotic 

germination of many terrlpel~ate terrestrial orchids (Clements, 1982, ZeImer 
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so germinated in the oats medium is 

........ "" ... ..., Tulasnella 

However, in other publications where this medium has 

(Warcup, 1981). 

utilised as substratum 

appears that 

This is possibly the 

for symbiotic the medium is modified 

agar orchid seeds are a sense specific to 

reason why Davis type is needed in the original formulation of 

Clements (1982) oat medium. In our case purified agar by Sigma company 

as item EEC NO 1 was adequate the seeds 

Polystachya. 

from this study major implications the conservation 

programmes of the orchids. As the orchids in are rating high in 

the list of and vulnerable plants to destruction of general 

public, it possible through the symbiotic used in the study to develop 

seedlings 

and conservationists. 

germination trials 

compatible orchid 

mycorrhizae 

seed stored in 

them to botanic gardens, ('on,,,,, n, P .. ,,", , growers 

of symbiotic 

introduction of 

will require 

it should be that the ultimate 

the present study IS to make it possible 

into the of orchid since 

a soil mix or new habitats. Although germination trials of 

national seed bank at African 

been done through this techniques, there is a possibility that most of 

have not 

which are 

them now listed as rare 

protection in 

endangered will 

or return them to 

0 ............... ,,'-' and elolcaH~a to 

'Vu/., ....... habitats. study will focus 

on long-term n .. ,,·cP,"\, of seed useful m"COlrrm fungi together with using liquid 

nitrogen proposed by Pritchard (1984) for 
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it must be appreciated that there are problems with the vitro symbiotic 

.... , ...... " ..... method employed in the especially in to 

combinations where a small number form In the case 

rare orchid limited to a few small populations, goal of conserving 

the entire species may be possible through protection and ex situ preservation. 

potential for in vitro symbiotic germination is and 1-'".''''':'''11''0 as a conservation 

orchids ex producing "'''''''' .... UJ''O''' through these 

methods is short (90-120 It is encouraging conservation reasons to note from 

the data that mycorrhizal infection and 

COlrnpatllt>le seed/fungus This 

in vitro highly on 

with appropriate 1""'''''1''' and fungi, 

,.., ......... , ...... ,,.,.. is assured since seedling formation is faster, supplies of 

apt)ea:rs from the 1"'\1"p,~pnT study that the orchids are possible for conservationists. 

success ex situ conservation through symbiotic germination much on 

both compatible seed banks. Interestingly, as 

projected earlier work (Perkins et ai., 1995, Masuhara & Katsuya, 1994) that those 

fungi that form mycorrhizae with orchids in the laboratory are likely to """","'v ..... '" with the 

same the field, IS a likelihood for of those in the 

field. 
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CHAPTER 5: SYNTHESIS 

Contents 

5.1 General introduction 
5.2 Correlation between embryology, seed coat morphology, and symbiotic associations 
5.3 Phylogeny 
5.4 Ecology 
5.5 The linkage to germination controls 
5.6 Effects on conservation 

5.1 General introduction 

This chapter presents the synthesis of information described in the preceding four 

chapters in order to reflect the broader picture of seed development, symbiotic seed 

germination and conservation of the Kenyan orchids. Also highlighted in this chapter 

are limitations of the present study and possible areas for future research. 

The present study on embryology, seed coat and symbiotic associations of the Kenyan 

orchid species, as presented in the preceding chapters, has provided information useful 

for the classification and understanding the evolution of the diversity of embryological 

and seed coat features. A close association with endophytes is necessary for 

conservation ofthe orchids especially through in vitro symbiotic seed germination. 

5.2 Correlation between embryology, seed coat morphology and symbiotic 
associations 
There is a relationship between the embryology, seed coats and mycotrophy. The seed 

coats are formed by the outer integuments during embryogenesis, and are probably under 

selection to enhance mycotrophy during seed germination. Therefore, in order to have 

an insight of the morphology of seed coats e.g. integumentary initiation in the ovule, the 

number of integumentary cell layers forming the seed coat, as well as lack of endosperm 

in mature seed prompting adaptation to mycotrophy, a study of embryology is absolutely 

of necessity. In this connection, size and organisational structure of the two or three cell-

layer seed coats revealed by embryology, for example, indicate that the rough seed 
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with wavy reticulate microomamentation evolve in a way that it is an 

adaptation to mycotrophy epiphytic and terrestrial respectively. However, 

embryology does not provide adequate account of such structures of the coats viz. 

microomamentation, testal extensions, colour epicuticular secretions observed in 

some the present study. Formation these in Microcoelia might 

be a result of ecological adaptation by the orchids and especially mycotrophy and 

distance dispersal (Rasmussen, 1995). However, the aforementioned seed coat 

characters have a bearing to mycorrhizal associations during germination 

1935; 1956; Wirth Withner, 1959). Embryology in the ....... "'c"'n 

shows that the tiny of epidendroid (174-2818 x 34-291 !lm) also 

by Clifford Smith (1 might be due to these adaptational requirements. 

absence of 

during embryogenesis 

due to failure double 'LJ"',.VU to take 

1907; Prosina, Afelius, Swamy, 1947, 1949a) 

although of Primary endosperm nucleus in Ansellia, Eulophia and 

Polystachya was The the embryo 

1992), is not formed in any the species The, endosperm thought to 

be preCIse reason why the reqUIre mycorrhizal to enhance 

A .. U, ...... ,~ germination differentiation minute embryos and their 

nutrient ........ ' .... " ... (Clements, 1988). The n""'<''''''~1' 

In germination is to induce differentiation 

the role endophytes 

embryos and possibly nrll,UJl11P> 

with 1..,,,,,.,1<, derived nutrient "'."'...... in vitro 

(Zettler, 1996). It is thus possible that the fungal pelotons 

continued "",,,,uri-'" 

in the ........ '1'r"'n1"1,..... in 

vitro also can continue surviving with orchid natural conditions in the field or a 

mIX 1970) and 1'''' .... ''''+,''' .. ''' useful ex situ COIlsel:'V However, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

nutritional 

endosperm 

"'lQUVJ""'UJ.I-'''' between the PTTI;nnlfrl'" 

a "n'TI1,,'1' study. 

5.3 Phylogeny 

156 

mycorrhizae of 

Very little is 1.,..,.,1"'"" .... about the relationship between of the variation in embryology, seed 

morphology, phylogeny of the Epidendroideae (Clements, 1995). study 

demonstrated that ClPt1iPnl can be clustered or 

they possess or different omtol!emmc ... 'nt"' .... "" 

and embryogenesis. Within these patterns the 

sporogenesIs, garne'[oJl:enesls, 

of integuments, embryo 

gametophytes, and suspensors, for :>U!;!;O;;;:>~:> that the data are 

Bhojwani & Bhatnagar (1 

addition, variation in these CmlOI"'{Ol'Ol!llCal features are correlated 

taxonomic purposes, corroborating Johri (1963) 

comments. 

In and Such '"', ..... v ...... were 

already suggested by "',. .... ' .. n •. ' .. ''',u (l995). 

Data from the present study show that initial assumption that seeds collected from 

diverse habitats will not 

distinct clustering is not 

among 

morphological and embryological similarity to 

Considering that present study 

embryology, IS influenced by 

geographic proximity or altitude it is possible to use taxonomy as an indirect measure of 

phylogenetic relatedness. This is stark contrast to the of variation in seed coat 

morphology. For these the best correlations appear to with habitat types, 

than the taxonomy. in the present of embryological patterns 

the is an indicator 

a more complex embryological exist among and terrestrial 
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Epidendroideae has been regarded as the most difficult subfamily of the orchids to 

interpret phylogeneticaHy (Dressler, 1981, 1986, 1993; Rasmussen, 1986). Consistent 

with this, the present study of embryology, seed coat morphology and mycorrhizal 

associations indicate that the relationships in the presently circumscribed tribes viz. 

Vandeae, Epidendreae, Cymbideae, Malaxideae, Vanilleae, Arenthusae and Dendrobieae 

may not be correct. The variation of the aspects described for the different orchid 

species in the present study is largely as a result of common ancestry and to some extent 

ecology. Previous phylogenetic patterns (Burns-Balogh and Funk, 1986; Cameron et ai., 

1999) were determined using vegetative, floral, and molecular characters. It is apparent 

that these characters in the present study might give a rearrangement of species if 

incorporated into a cladistic analysis for the entire subfamily Epidendroideae. 

A strong conclusion cannot be made from the present study regarding the relationships of 

the Vanilloideae due to inadequate sampling. The tribe Vanilleae, by using seed coat 

morphology in addition to vegetative and molecular characters, has been elevated to a 

separate subfamily Vanilloideae (Cameron et ai., 1999). This is corroborated by the 

nucellus of Vanilla polyiepis, which has with a length of 13 cells is the longest among 

the orchids studied here. Unfortunately, due to lack of suitable material in the present 

study, no further examination of embryology was described for the vanilloids. 

Consequently, it cannot be established whether such large nucelli are typical of the 

whoel subfamily, or only a portion of it. However, the Vanilloid seeds (Cameron & 

Chase, 1998) are morphologically different from those of Epidendroideae. 

The remaining six tribes are rather uniform in their embryology and seed coat 

morphology, and should therefore be retained within the Epidendroideae as treated in 

Dressler (1990, 1993). 
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The abolition of the (Dressler, 1990), and inclusion of its 

members in the subfamily Epidendroideae, is supported by the findings of the present 

study, especially 

embryology and 

in"""'"",,lu. ... ,u'"', and 

embryo 

The 

Aerangis, are also found 

I have been able to show that the vandoid 

are similar to those of some species of 

UL;) .... ,,"-'..,. the nucellus, integuments, embryo sacs and 

link the vandoids to the hplLoeluorolO 

sacs n .... "pT"liTPrl the vandoids, especially Eulophia 

Epidendreae, 

Epidendrum. With .... "'? ......... to the Diaphananthe type 

vandoids, with some Cribbia brachyceras that !-IV,,>;)..,,)>;) 

Bulbophyllum type which links it to the Cymbidioids and Dendrobioids. 

Other vandoids, and Microcoelia, share the 

embryogenesis with Arethusae, Malaxideae, Epidendreae and Cymbideae. , 

The exceptions are and Epidendrum, which have a distinct type 

embryogenesis. of seed coats of 50 species show that 

of 41 epiphytic i.e. seed groups A and are closely 

strengthening link. 

floral 

the 

III the 

characters. 

IS to 

a cladistic study together with 

.... "'."" ...... "' ... , may provide a clearer 

However, 

..... vu.,.,l""'"'- if the embryological and 

included in a cladistic analysis with 
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present study 

(listed in 

to 

Epidendrum with 

and microsculptural 

phylogenetic 

mainly an ecological 

are important in 

coat morphology 

I) than with 

such similarity as 

Eulophia and 

of seed 

(Barthlott, I 984b ), 

their 

development of sec:onaaT 

159 

a stronger correlation with habitat 

hence nec::essit,ltirlg further 

one of the epiphytic and 

Despite the that structural 

reflect important generic and 

nrp,~pnt study ......... "'" .. "'.. that there is 

results show that factors 

structures of the coats. The 

characteristic these surface cells are result of differential tnIc:Ke:mrlg in their 

walls, only embryological seeds 

similar do not show in embryology, as ...... ..." ...... ' .... by 

epiphytic seed groups B, and C from genera (Chapter 3). in each of 

the categories u,",,,,,,,,,,,,,,,,,,, are similar in 

of integuments, 

diversity of morphological Ch,1f3Jcters 

with habitat and "'1-'''''-''''' information 

mostly habitat driven. Not surprising the 

coat details but different in the 

embryogenesis 

1) and shows that 

suspensors. 

linked 

morphology is 

variable morphometric variation occurs 

among groups "'IJ ...... ",."'''' which belong to the same habitat, and coats of epiphytes 

groups ""."' ..... ". 

little variation 

terrestrial ones. the terrestrial 

Nevertheless, as ""'''' ... u'"''''' somewhat 

groups 

O'Pt~Pt'I(", level. 

Polystachya where variation is noted occasionally even at population the structure 

seed coat 

u.,... •• _.u (Barthlott 

is possible that 

confirms the fact that it 

Voit, 1979). 

.U .. .,1lL .... 1 organization 

be the rich source phylogenetic 

surface microstructure was studied it 

coats ael:enmrlea by cornmon 
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(Manning, 1991 ), which 

""""OJ''''','''''','''''' using SEM at the ovule 

a further 

.... "'.u ..... '" information at 

arn:l1nc corIVelmeltlt1~ recognised as A, 

thl.:ke:mrlg that have been observed in 

taxonomic levels. The five .. u",u ... ",. 

D, and E, on variation 

habitats 

are 

J:;.PHle:ml1rOllleale studied, ...... ,,"''''''''''' 

genera tend to be uniformly 

diversity is also important in indicating that 

are of systematic 

epiphytic or terrestrial. 

seeds from epiphytic 

a different seed format from those 

with the dust-seeds of Orchidaceae, which 

conditions for germination e.g. sanlrotlho.,1i 

It is worthwhile noting that the seed j<,'V"'V" 

except for the lithophytic !".,", .. ", ... , 

a of of 

habitats. This is not 

aetlenlO on extremely specific 

et 

habitats 

Epidendrom that 

,L",.'.u.!". only in possession of .ViA,!". .. ' ........... . 

IS I-'V">::lHH,"" as sug;ges:tea from the present study, that the 

and 

."' .. u .... striations. It 

have evolved in 

to 1-'''''''''''11>::1''''"'' habitat on trees for epiphytes and on terrestrial 

Although >11 .. ",."'1::.1 .... '<1.1 adaptation of seeds to the epiphytic or 

evident, other possible ecological correlates have not been 

functional point other than mycotrophy of the seeds, 

study may important in seed dispersal assisting the 

over to spaces between the "' ....... , ..... "'"'V 

(Zlege:nsl,ec,k, 1935; Carlson, 1940) and rough sculpturing 

et al., 1975). However, the aerodynamic properties 

IS 
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responsible for dispersal and discriminate landing mechanisms of 

on trees seeds on need 

The linkage to germination controls 

nrpc~pnt study umlenscores the fact that orchid species, which occur epiphytic and 

habitats, on mycotrophy are infected. their 

sparsely branched roots. The pvt'rprnp'" ""llllll'- roots (Brundrett 

1988) that are fleshy (Niewieczerzalowna, 1933) are heavily colonised by 

Kendrick, 

probably 

from protocorm cortex of seedling nU/P""" infection of mycorrhizae on 

new has been SUJl:ges,ted to be from the seedling (Hadley, Since 

the roots an orchid present study are by only one ..... u.J;:,g. specIes 

within a habitat it confirms the suggestion that mycorrhizae are habitat-related. 

Although one Cera to basidium previously from terrestrial environment, was 

epiphytic 

mycorrhizae with t"'1"1""'''j· ... 

in this study, 

orchids, and vice versa. 

do fungi of 

results a basis for 

a detailed survey and classification of fungi and establishment of the host-range and 

nmit-spe(;mlclt'y in mycorrhizal symbioses of Kenyan orc:mo:s. 

As in the the linking 

orchid embryos with diverse are is crucial 

undifferentiated and rely on in order to germinate. Since the tiny embryos lack 

endosperm, hence reflecting a ""'Tl1'U of reserve nutritional resources made available 

geIIDlnaltlOltl, external sources nutrients by way of compatible fungi are ess.en'tlal 

ecological pnl;;mC)mlimC)ll indicates that coats, which are well 

penetration of to translocate the nutrients into the suspensors is 

important orchid management. 
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study established coats play an important role in establishment of 

symbioses by way provision of the micropylar pores formed solely by 

coat cells for penetration fungi. This adaptation of the outer integument 

by .lU.l,.Ull,.", ll,U""VIJ 

the mature 

pores seems 

deposition 

the seeds, 

..... U1HH.-U".'" substances on 

Pippen, 1990), seem lose the micropyle the outer integument. 

micropyle seems to be lost to extreme narrowing as a result of over-stretching 

maturation followed by deposition tannins hence 

of the outer .... '''5"'' ...... ' ... completely. according to the of 

prf;:sel1t study the penetrate <tll'''"''.'' the H .. ' ..... "" 

to mycotrophic tissues with the cells of the In species of Polystachya 

Euiophia, the only studied in detail with respect to 

concentration of fungal hyphae in the suspensor cells 

an oftransfer from the 

for 

embryo differentiation may 

to orchid. 

and 

undifferentiated embryos the general absence 

from 

endosperm in 

However, the Polystachya embryos are selective 

banana nOlTIo:geIllate and other additives. 

additives for germination, it 

habitats selective 

requirement in the wild. 

Effects on conservation 

to pressures of "' ..... I"."." ..... u1!". agricultural land 

habitats of "'."' .. n .. ". 

lemons of perpetuating 

conservation 

species for ex 

terms of nutrient requirements, 

Eulophia type 

that orchid 

have 

did not 

from 

nutritional 

Kenya leading to destruction of 

should be Thus 

are so the 
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orchids can on hilltops or JO\l'ennnl;;:m orcltectea areas. is the 

only opportunity to and preserve the genetic diversity Kenyan orchids. 

Accordingly, most of the orchids are threatened in the are special 

interest to 

International Union 

and horticulturists (World 

Conservation of Nature and Natural 

Institute (WID), 

KeStDUrces (ruCN) and 

United Nations Environmental Program (UNEP) , 1 considerable 

conservation be directed to these plants. Many .;)1.)",,-,1\,.;) that are of 

targeted for v .... , .. "'.,'vu and distributed to 

interested information coat morphology 

and symbiotic .....,"V'-'A ............ " the present study gives the best maerstanamlg of the use of 

in vitro symbiotic propagation of orchids for ex-situ COI!1serv~m 

Although between symbiotic fungi and of orchid seeds were 

examined for only Eulophia Lindl. and Polystachya and epiphytic 

to other orchids of an habitats it is possible to extend the 

However, it should 

on 2% oat 

be that cultures were easily 

medium, alone, or 

AU,",'"A ... ,'" Sl1DOlenlen.tea with 10 girl banana and 0.2 girt " ... T,.,.,r.,..., 

conservation implications are formulated in the nTI"\:Pl"1t 

study could sufficient for germinating PTYlI!'\'I"\fl"\\: different taxonomic groups and 

seed might be orchids that are ""v1",·""T1"I media specific hence requiring 

ttp?'pnt formulations. These warrant further """""''''':'''''1'1 and fact-finding using a broad 

spectrum Epidendroid orchids and different formulation of media. 

germination of the present study be(~OnleS 

orchids, it 1"1'1", .. ""1',,,, .. ,,, be(~onleS possible to develop 

germplasm of rare orchids for 10DIZ-(I;;:nn 
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are 

However, 

the field and 

fully matured 
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studies it appears that stage at 

conditions are crucial preference 

Preservation orchid seed 

and subsequent propagation by means of symbiotic 

should be given to 

germplasm in seed 

germination has been ugj~esteo previously 1982, 1986). knowledge of 

and seedling 

uU'\rIrP'rc (Zettler et aI., 1 

that reason, the n"~'cP'''T 

established in the nr~'c!Plnt study together with that of earlier 

is essential COltlSe:rvlulC)fl of orchids is For 

mlltlallOn methods emphasizes the use of symbiotic seed 

the seeds take a chi ... ..,. .... time to reach stage (60 days). nUJP"f'r SInce 

germination of fungal endophytes these also need to isolated and 

maintained. Particularly fungi are effective symbionts such as 

Ceratobasidium ."'v ........ '''' an epiphytic germinated a orchid, 

likewise the t~..,~ .. C't" Rhizoctonia, which gel1111nalteO an epiphytic orchid, should be 

major focus. Hopefully in the future only a single compatible or a few 

range of of source may be required in order to germinate a 

VL "'...... seeds. unsuitability of 

mycorrhizal fungi dependent on sub-culture, which rather 

laborious. However, spontaneous mutation 

investigation. 

and viability storage needs 

conclusion, the in this provided .. u'v .. " .... ." ...... for a 

clearer understanding the ontogenesis seeds and germination. 

data on embryology, seed coat and in vitro symbiotic germination are useful for the 

classification of 

"' .. ' ..... "IS""''"''' Kenyan 

in general and for the conservation programme of rare and 

particular. 
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A. gracillima (Rolfe) Summerh. Kuja valley (OO45'S.,34°52'E.) J.M.Ochora 43 1650 epiphyte in open wooded 
bushland near Kuja River 

Bolusiella iridifolia (Rolfe) Aberdares N. Park (Oo47'S.,36°07'E.) B.Bytebier 0068 2300 epiphyte in montane dense forest 

Schltr. 

Chamaeangis odoratissima Kuja valley (OO45'S.,34°52'E.) J.M.Ochora 29 1650 open wooded bushland 

(Reichb. f.) Schltr. 

C. sarcophyla Schltr. Mt. Kenya (OO19'S.,37°31'E) B.Bytebier 0072 2135 epiphyte in montane forest 

C. vesicata (LindL) Schltr. Langata forest (1°22'S.,36°43'E.) J.M.Ochora 72 1400 epiphyte in dense forest near 
nver 

Cribbia brachyceras Kuja valley (OO45'S.,34°52'E.) J.M.Ochora 43 1650 epiphyte in open wooded 

(Summerh.) Senghas bushland 

Cyrtorchis arcuata (Lindl.) Schltr. Manga range (OO33'S.,34°5TE.) J.M.Ochora 5 2135 low level trunk epiphyte in 
montane shrubs 

C. preatermissa Summerh. Mau National Sanctuary J.M.Ochora 58 1500 open woodland forest 

(1°12'S.,35°29'E.) 

Diaphananthe rutila (Reichb. f.) Saiwa swamp N. Park A.Foresti 799 1900 epiphyte in montane dense forest 
Summerh. (1 °1 O'S.,35°05'E) 

D. lolifolia Summerh. Chemosoren (0036'S.,35°1TE.) B.Bytebier 0095 1930 epiphyte in open wooded 

bushland 

D. subsimplex Summerh. Bahati forest (0015'S.,36°15'E.) J.M.Ochora 31 1900 epiphyte in a dense forest 

D. tenuicalcar Summerh. Aberdare range (0006'S.,36°28'E.) J.MOchora 5 2200 epiphyte in montane open forest 
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D. xanthopollinia 

Summerh. 

(Rolfe) Cribb J: Tarn 
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J.M.Ochora 44 1650 epiphyte 
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Tribe Dendrobieae Endlicher 

Subtribe Bulbophyliinae 

Schlechter 

Bulbophylum cochleotum Lindl. Kakamega forest (Shidenya side) J.M.Ochora 15 2300 epiphyte in open forest 

(0° 16'N.,34°55 'E.) 

B. encephalodes Summerh. Kakamega forest (Shidenya side) B.Bytebier 588 2300 epiphyte in open forest 

(0016'N.,34°55'E.) 

B. intertexcum Lindl. Mbororo forest J.M.Ochora 81 300 epiphyte in dense forest 

B. maximum (Lindl.) Reichb. f. Chania gorge (l °1O'S.,37°03 'E.) J.M.Ochora 39 2000 epiphyte in open forest near a 
Chania River 

I 

Tribe Arethusae Lindl. 

Subtribe Bletiinae Bentham 

Calanthe sylvatica (Thou.) Lindl. Saiwa National Park J.M.Ochora 55 1800 terrestrial in dense forest 

(l°1O'S.,35°5'E.) 

Tribe VaniHeae Blume 

Subtribe Vanillinae Lindl. 

Vanilla polylepis Summerh. Chania gorge (1010'S.,37°03'E.) J.M.Ochora 39 2000 climber on trees by the riverside 

Subfamily Orchidoideae 

Tribe Diseae Dressler 

Subtribe Satyriinae Schlechter 



University of Cape Town

207 

s. 




