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Abstract 

 

Streptocarpus (Gesneriaceae) is a genus of herbaceous plants within which a range of unique 

vegetative morphologies are found. Underlying the developmental morphology is an 

unorthodox suite of meristems very different to the conventional shoot apical meristem of 

dicots. Unravelling the mechanisms responsible for this morphological variation had been of 

interest to the study of evolutionary developmental biology for decades. 

 

Recent phylogenetic classification of the African Streptocarpus has identified sect. 

Protostreptocarpus as an important transitionary group containing from caulescent to 

acaulescent growth habits, and could potentially inform a better understanding of how these 

unique growth habits evolved.  

 

Comparative morphological observations of the meristems and shoot development were 

undertaken of three sect. Protostreptocarpus, S. schliebenii, S. bullatus and S. montanus and 

two outgroup species, one caulescent, S. pallidiflorus, subg. Streptocarpella, and the 

acaulescent S. rexii subg. Streptocarpus. The aim being to identify possible transitional 

developmental characteristics from caulescence to acaulescence.  

 

This study provides the first detailed investigation into the meristem development of sect. 

Protostreptocarpus and has resulted in identifying aspects of developmental morphology 

worthy of further investigation into this intriguing and complex genus.  
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1   Introduction 

 

Streptocarpus Lindl. (Gesneriaceae), is a genus of > 170 species (Nishii et al., 2015), of 

herbaceous perennials (some woody), distributed in south east Africa, Madagascar and the 

Comores. 

 

Streptocarpus or ‘Cape Primrose’ and Saintpaulia otherwise known as ‘African Violet’ are 

popular house plants with a long history of hybridization providing cultivars in the 

horticultural trade.  

Streptocarpus have unique vegetative characteristics including the capacity to develop a 

single leaf (unifoliate) flowering plant. The mechanisms that underlie this unique architecture 

make the ontogeny of shoot development in Streptocarpus of great interest in the field of 

evolutionary developmental biology. 

 

The vegetative morphology of acaulescent (no above ground shoots) Streptocarpus species 

deviates from orthodox growth seen in model plants such as the dicots Arabidopsis thaliana 

(L.) Heynh. and Antirrhinum majus L. In Arabidopsis and Antirrhinum, the above ground 

structures i.e. shoots and leaves are produced from layered shoot apical meristems (SAMs). 

The meristem has indeterminate growth, with the SAM active during the whole life span of 

the plant (Reinhardt and Kuhlemeier, 2002), producing lateral vegetative shoots followed by 

flowering shoots. The morphology of Streptocarpus is of interest as within this genus are 

found caulescent (with above ground shoots) SAM producing species and unorthodox 

meristems responsible for the development of species with an acaulescent habit. 

 

A recent phylogenetic classification of Afro-Malagasy Gesneriaceae, has provided a new 

infrageneric division of Streptocarpus, (Nishii et al., 2015). Phylogenetic analysis enabled 

the identification of two main clades, one comprising herbaceous caulescent Streptocarpus 

and Saintpaulia, and the second clade comprising the woody caulescents and acaulescent 

Streptocarpus, Colpogyne and Linnaeopsis (Nishii et al., 2015). This new classification of 

Streptocarpus retained the two subgenera, Streptocarpus (acaulescent) and Streptocarpella 

(caulescent). The phylogenetic analysis identified 12 well-supported subclades, each with 

distinct morphological characteristics within the two subgenera, these were then divided into 

five and seven sections respectively (Nishii et al., 2015).  
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This new classification designated Streptocarpus sect. Protostreptocarpus Mich.Möller & 

Bellstedt, as sister to section Streptocarpus. Within this group are found species displaying a 

variety of vegetative forms and as such can be regarded as a transition from caulescents to 

acaulescents (Nishii et al., 2015). As a consequence, this section provides the opportunity to 

investigate potentially informative morphological characters in the transition between the two 

growth forms. This may identify steps in the evolutionary development of these unique 

growth forms and targets for future research. One such target is the comparative analysis of 

meristem and phyllomorph development and as such forms the basis for this study. 

 

The format of this thesis is as follows: Section 2 provides the essential background to the 

study including a brief review of the important aspects of Streptocarpus and sect. 

Protostreptocarpus. It concludes with a detailed description of the objectives of this research. 

The materials and methods are outlined in Section 3. Results of the morphological 

investigation are reported in Section 4 while Discussion and Conclusions follow in Sections 5 

and 6. 
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2   Background and Objectives 

 

The genus Streptocarpus derives its name from the distinctive character of its spirally twisted 

fruit capsules. The twisting occurs after pollination as the seed capsule matures, allowing the 

seeds to be released gradually over time. Streptocarpus is divided in into two subgenera, with 

caulescent plants bearing opposite leaves and determinate growth in subgenus 

Streptocarpella, to acaulescent plants with a basal meristem and with spirally arranged 

rosette forming plants in the subgenus Streptocarpus. 

 

 
Figure 1. Major growth forms (A–E), found among the Afro-Malagasy Gesneriaceae. 
A & C, modified from Humbert (1971: figs. XIII4, X8, © Publications Scientifiques du Muséum national 
d’Histoire naturelle, Paris); B, from Weigend (2000: fig. 2:5, © Elsevier Ltd. Oxford); D–E, from 
Hilliard & Burtt (1971: figs. 2, 5, © University of Natal Press, Pietermaritzburg); (Nishii et al., 2015) 

 

The morphology of Streptocarpus has been investigated widely due to its unusual ontogeny 

and diversity of unique growth forms exhibited in both the juvenile and mature plants. The 

seedling development in Streptocarpus has a distinctive morphology, post germination the 

two equally sized cotyledons develop unevenly with one cotyledon increasing in size and 

growing like a foliage leaf, while the growth of the smaller cotyledon (microcotyledon) is 

inhibited,  and eventually withers and dies. (Tsukaya, 1997; Mantegazza et al., 2007). In 

subgenus Streptocarpus unconventional vegetative development is also shown with in mature 
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plants, including plants devoid of any leaf or shoot development that consist entirely of one 

foliar organ, a macrocotyledon Figure 1. This single macrocotyledon persists from the 

seedling stage to a single leaf  up to one metre long, and producing inflorescences from the 

base of the lamina (Hilliard and Burtt, 1971). This one leaf (unifoliate) growth habit is but is 

also found other Gesneriaceae genera, Monophyllaea R.Br., and Acanthonema Hook.f. 

 

 
Figure 2. Diagrammatic representation of phyllomorphic organization in Streptocarpus.  
Modified from (Jong and Burtt, B, 1975, cited in Mantegazza et al., 2007): (a) Cotyledonary 
phyllomorph. (b) Longitudinal section through a petiolode. ar - adventitious root, bm - basal meristem, 
gm - groove meristem, l - lamina, m - midrib, pc - procambium, pd - petiolode, ph - secondary 
phyllomorphs, pm - petiolode meristem, vs - vasculature. 

 

The unconventional morphology of Streptocarpus was studied in depth by Jong, (1970) and 

(Jong and Burtt, B, 1975). This research defined the term ‘phyllomorph’ for the unusual 

leaves of Streptocarpus to describe a structure combining the function of petiole and stem. 

They also identified the presence three meristems, the basal meristem, the petiolode 

meristem, and the groove meristem as the source of this unorthodox development of the 

phyllomorph,  Figure 2. The basal meristem is responsible for the growth of lamina The 

petiolode meristem is an intercalary ‘rib’ meristem, located between the lamina-petiolode 

junction, and is responsible for the extension of the petiolode and mid rib. The groove 

meristem is located on a groove on the adaxial side of the petiolode at the base of the lamina, 

and forms the inflorescence primordia(Jong and Burtt, B, 1975). 
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Figure 3. Summary of phylogenetic relationships among sections of Streptocarpus.  
Summary of phylogenetic relationships among sections of Streptocarpus based on BI, ML, and MP 
analyses with branch support (BI / ML / MP) indicated for branches supporting sections and higher-
level taxa, for the Str226 analysis. * indicates branches receiving values less than 0.5 (BI) or 50% (ML, 
MP); °, with minor exceptions. Lowercase letters a–l identify sections (names in bold italics). First 
column, geographic origin (geography): Af., Africa; Mg; Madagascar and Comores. Second column, 
seed ornamentation (seed): ret, reticulate; ver, verruculose. Third column, growth form (habit): cau, 
caulescent; rhz, creeping rhizomatous; ros, rosulate; shr, shrubby; sp, Saintpaulia-like rosette; uni, 
unifoliate. Fourth column, floral type: pouch, small pouch; lab., labellanthus-type; mix, mixed 
subclades; open t., open tube; pers., personate; sp, Saintpaulia-type. Fifth column, fruit development: 
str, not twisted; tw, twisted. Modified from (Nishii et al., 2015). Clade I = subgenus Streptocarpella, 
Clade II = subgenus Streptocarpus, with the three sections represented in this study highlighted. 

 

The division of the genus Streptocarpus into the caulescent subgenera Streptocarpella, and 

the caulescent subgenus Streptocarpus was reinforced with the identification of a cytological 

difference, with subgenus Streptocarpella having x =15 and subgenus Streptocarpus x=16 

chromosomes (Lawrence 1940, cited in Möller and Cronk, 2007). The division of the two 

subgenera is not clearly defined shown by caulescent species such as Streptocarpus 

schliebenii showing a phyllomorph stage in the seedlings and a chromosome number of x=16 

(Milne, 1975, Möller and Cronk, 2007).  
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Recent phylogenetic classification of the African Streptocarpus, Figure 3., has identified sect. 

Protostreptocarpus as an important transitionary group containing caulescent to acaulescent 

growth habits (Nishii et al., 2015), including S. schliebenii. Shoot development varies in 

species in sect. Protostreptocarpus, from the caulescents S. parensis and S. schliebenii, to 

acaulescents S. montanus and S. rexii, with the intermediate creeping rhizomatous S. bullatus 

somewhere between Figure 2. The investigation of the meristem and shoot development of 

these species has the potential to provide insights into the development of the caulescent and 

unifoliate habit in subg. Streptocarpus.  
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2.1   Objectives of this study 

 

The aim of this study is to focus on the transition in vegetative shoot development between 

African caulescent and acaulescent Streptocarpus species in subgenus Streptocarpus, by 

comparing species from sect. Protostreptocarpus. The section is sister to the African 

acaulescent clade and its members show a range of morphologies. The caulescent 

Streptocarpus pallidiflorus from subg. Streptocarpella and the acaulescent Streptocarpus 

rexii from subg. Streptocarpus section Streptocarpus are used as typical caulescent and 

acaulescent species as comparison. The project aims to investigate their shoot structure, the 

position of meristems, leaf initiation and development to assess the developmental steps in 

the evolution of acaulescence, which includes shifts in the location and development of 

vegetative meristems.  

 

This is the first opportunity for comparative investigation into the developmental morphology 

of these species from sect. Protostreptocarpus, and the results will hopefully open new 

directions to investigation. Further investigations would be required, to confirm some of 

provisional findings before the biological mechanisms can be interpreted in relation to the 

evolution of acaulescence and monophyly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 8 

3   Materials and Methods 

 

3.1   Species Descriptions 

 

A description of the five species studied in this work follows below, and they are 

illustrated in Figure 5. (a – e). 

 

Streptocarpus pallidiflorus C.B. Clarke. Fl. Trop. Afr. [Oliver et al.] 4(2.3): 508. 1906 [Jun 

1906]. 

Syn: Streptocarpus caulescens var. pallescens 

Perennial herb 15-50 (-75) cm high. Stems fleshy, usually swollen at the base, clad, very 

densely on the young parts with spreading eglandular hairs, somewhat swollen at the node. 

Leaves with pilose petioles 15-25 mm; lamina fleshy, narrowly to broadly elliptic, more 

rarely ovate, 25-65 x 15-30mm, acute or rounded at apex, more of less rounded or abruptly 

narrowed at the base, rather densely pilose-pubescent on both surfaces, entire on the margins; 

lateral nerves c. 8-10 on each side, ascending, inconspicuous above, prominent below. 

Inflorescences arising in the axils of the upper leaves and overtopping the terminal vegetative 

bud, 6-12 flowered, often branching unilaterally; peduncles 50-150 mm, with longish 

spreading hairs in the lower part usually becoming glabrous upwards but sometimes with 

scattered glandular hairs towards the top. Corolla violet or white striped with violet lines, 15-

20 mm; with scattered glandular hairs outside and papillose in the throat, (Hilliard and Burtt, 

1971). 

Distribution: Kenya; Tanzania 

Habitat & Ecology: Grows in rock crevices or on banks in forest or unshaded areas, rarely 

epiphytic. The species has a wide elevational range occurring from 750 up to 2,100 m. 

Conservation: IUCN threat status: Least Concern (LC), (IUCN, 2000d). 

 

Streptocarpus schliebenii Mansf., Notizbl. Bot. Gart. Berlin-Dahlem 12: 95. 1934. 

 

Herbaceous perennial. Shoots decumbent 0.3-1m high, glandular pilose, internodes 50-120 

mm. Leaves opposite-decussate with glandular pilose petioles, lamina 70-110 x 20-35mm, 

ovate-elliptic or oblong-elliptic shortly acuminate, narrowed at the base, often oblique, 

margins coarsely crenate, densely pilose pubescent on both surfaces, lateral nerves ~ 12. 

Inflorescences axillary initially developing at the top axis, later on lower axillary shoots, 
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many flowered on glandular pilose peduncle to 50mm.  Corolla white, 12mm long, 

infundibuliform-campanulate, finely pubescent outside and pilose within, (Hilliard and Burtt, 

1971).  

Distribution: Tanzania. This species is endemic to northern Tanzania and recorded in about 

nine locations.  

Conservation: IUCN threat status: Vulnerable (V)(IUCN, 2000f).  

Habitat: A terrestrial herb which grows in deep shade in montane or sub-montane forest, 

occasionally lithophytic on shaded rocks. Occurs between 1,500 and 2,300 m a.s.l. 
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Streptocarpus bullatus Mansf., Notizbl. Bot. Gart. Berlin-Dahlem 12: 96. 1934.  

 

Rhizomatous perennial herb, rhizome producing a succession of simple, erect flowering 

shoots; petiolode up to 200 mm long, c. 3 mm in diam., densely clothed in spreading hairs, 

with a single large lamina at its apex opposite which develops a second phyllomorph whose 

blade may be carried upwards by the elongation of its petiolode; developing up to five 

consecutive phyllomorphs. Lamina of to 200 x 60 mm, oblong-elliptic, apex obtuse, base 

cordate, margin coarsely crenate or crenate-dentate, both surfaces with long appressed hairs, 

particularly on the close-set veins below, lamina surface often markedly bullate, sometimes 

red or purplish below. Inflorescences arising in axil below the lamina, solitary. Peduncles up 

to 100 mm long, slender, the cymes very open and spreading, many flowered. Corolla c. 6-

12mm long, pure white or faintly flushed pink or lilac, sparsely pubescent or glandular 

outside (Hilliard and Burtt, 1971). 

 

Within the Streptocarpus research collection at RBGE there are two accessions of S. 

bullatus that have previously been identified with different growth habit and corolla colour. It 

has been suggested that these represent two subspecies (S. Barber; personal communication 

2018). The seed accession used in this study is was collected by RBGE staff in the southern 

Uluguru mountains of Tanzania Figure 4, ( a - e) in 2013 (TZBG 44, 20170915 Wild). This 

accession shows a dimorphic habit of resting shoots and vertical flowering shoots, whereas 

the resting shoots appear to be absent in the accessions from the Northern Uluguru mountains 

Figure 4 (f & g). Photographs from the original collection in 2013 show the resting shoots 

with the persistent stems of previous seasons phyllomorphs still attached to the rhizome 

Figure 4 (c). 

 

Distribution: Restricted to the North and South Uluguru Mountains, Tanzania. 

Habitat & Ecology: Grows in moist montane forest between 1,700 and 2,250 m a.s.l.  

Conservation: IUCN threat status: Endangered (EN), (IUCN, 2000a) 
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Figure 4. Streptocarpus bullatus, Uluguru mountains, Tanzania, 2013. 
Images of the two accessions of S. bullatus collected by RBGE in the North and South Uluguru 
mountains, Tanzania, 2013. (a - e) South Uluguru Mts. (f & g) North Uluguru Mts. Reproduced with the 
kind permission of Sadie Barber, RBGE. 
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Streptocarpus montanus Oliv.. in H. Johnston, The Kilim. Exped. Append. (1886) 343 

nomen; et in Trans. Linn.Soc. Ser. II. ii. (1887) 344, Figure 5 (d). 

Perennial, rhizomatous herb. Rhizome often stout, up to 6 mm in diameter, with prominent 

corky leaf scars, creeping, rooting. Leaves tufted at the apex of the rhizome, elliptic-oblong, 

up to 300 x 180 mm, generally much smaller, apex obtuse, base cuneate, decurrent on a short 

petiole, margin dentate, both surfaces softy pubescent. Inflorescences solitary, or 

occasionally paired, in an axillary position, the cymes open and spreading. Peduncles up to c. 

300 mm long, persistent after flowering. Corolla c. 12-16 mm long, very pale to medium 

violet with violet stripes, glandular-pubescent outside, glabrous inside (Hilliard and Burtt, 

1971). 

Distribution: Kenya; Tanzania 

Habitat & Ecology: An epiphytic, lithophytic or terrestrial herb found growing in shaded 

areas in wet montane or sub-montane forest. Has a wide elevation range occurring from 

1,500 up to 2,400 m a.s.l. 

Conservation: IUCN threat status: Near Threatened (NT), (IUCN, 2000c). 

 

Streptocarpus rexii (Bowie ex Hook.) Lindl., Bot. Reg. 14: t. 1173. 1828. 

Syn: Didymocarpus rexii Bowie ex Hook. 

 

Rosulate herbaceous perennial. Leaves up to 300 x 65 mm, lamina strap-shaped, crenulate on 

the margin, shortly pilose on both surfaces, blunt at the tip, narrowed into the petiole at the 

base, petiole up to 20 x 4 mm, pilose; petiolode up to 10 x 4 mm. Inflorescences from apex of 

petiolode, 1-to 2 flowered, more rarely up too 6-flowered. Peduncle up to 200 mm, pilose 

with glandular and eglandular hairs. Corolla 40 - 75 mm; tube narrowly infundiibuliform,30-

55 mm long, pilose with glandular and eglandular hairs outside, shortly pilose inside, white to 

pale violet with violet stripes within, (Hilliard and Burtt, 1971). 

Streptocarpus rexii was the first species of the genus to be discovered by James Bowie in 

1818, and was consequentially designated the type species of the genus. Once introduced into 

cultivation it became the basis of numerous horticultural hybrids. 

 

Distribution: South Africa: Southern Cape to Eastern Transvaal. 

Habitat & Ecology: An epiphytic, lithophytic or terrestrial herb, occurring up to 900 m a.s.l. 
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3.2   Living materials used in this work 

 

The following sections give the origins of the seed and mature plants used in this study. 

 

3.2.1   Seed 

 

Seed were provided by the Royal Botanic Garden Edinburgh, - the species and accession 

numbers are shown in Table 1. 

 
Table 1. Royal Botanic Garden Edinburgh accession numbers for the species grown from seed in this 
work. 

 

Species RBGE accession number 

Streptocarpus glandulosissimus  19652118 B 

Streptocarpus pallidiflorus  20070620 B 

Streptocarpus parensis  20131257 A 

Streptocarpus parensis  20131257 B 

Streptocarpus schliebenii  20131228 A 

Streptocarpus montanus  20131200 B 

Streptocarpus bullatus  20131235 Wild 

Streptocarpus rexii  20150819 A. 

 

Seeds were sown in sterilized compost (fine grade bark with added charcoal) in 7cm pots, 

individually placed in resealable plastic bags to maintain humidity and protected from pests, 

mainly scarid flies. They were cultivated in a growth chamber at continuous 21°C under 16 h 

light and 8 h darkness.  

Seed accessions were sown on two dates, four weeks apart to provide sufficient samples at a 

range of developmental stages, 26 pots in total. Two pots of each accession were sown on 

11.04.2018, and 09.05.2018, with two replacement sowings on 17.05.2018. Freshly collected 

seeds of S. pallidiflorus were sown as a back-up, due to failure of one of the outgroup species 

S. glandulosissimus, and a re-sowing of the later was also made. Two accessions of S. 

parensis, 20131257 A and 20131257 B, and S. glandulosissimus 19652118 B failed to 

develop enough viable seedlings so it was decided to remove these species from the study. 
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3.2.2   Mature Plants 

 

Mature plants were provided by the Royal Botanic Garden Edinburgh – the species and 

RGBE accession numbers are shown in Table 2. 

 
Table 2. Royal Botanic Garden Edinburgh accession numbers for the mature plants observed in this 
work. 

 

Species  RBGE accession number 

Streptocarpus pallidiflorus  20120519 A 

Streptocarpus glandulosissimus  20141652 A 

Streptocarpus schliebenii  20170205 A 

Streptocarpus montanus  20171142 A 

Streptocarpus montanus  20131200 A 

Streptocarpus bullatus  20170915  

Streptocarpus rexii  20150819 A 

 

Mature plants were kept at a minimum night temperature of 12 °C and a minimum day 

temperature of 19°C and maintained with > 65% relative humidity. Plants received soluble 

fertilizer, Sangral Clarity (Sinclair Pro ™, Ellesmere Port), 1-1-1, and 3-1-6, 1:1,000 w/v in 

tap water; every 2 weeks. 
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Figure 5. The five Streptocarpus species studied in this work. 
a) S. pallidiflorus, b) S. schliebenii, c) S. bullatus, d) S. montanus, e) S. rexii. 
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3.2.3   Microscopy, imaging and sample preparation 

 

Approximately ten seedlings per accession and sowing date were collected and analysed each 

week. Prior to fixing, seedling samples were observed with a Zeiss Stemi 2000C dissecting 

microscope (Zeiss, Welwyn Garden City, UK) and photographed using an AxioCam MRc5 

digital camera. Image processing was conducted using Zeiss AxioVision v.4.7 a. software. 

Images of large seedlings and mature samples were taken on a LUMIX DMC-TZ70 digital 

camera. 

 

For scanning electron microscopy (SEM) observations, samples were fixed in FAA (9 parts 

50% ethanol, 0.5 parts glacial acetic acid and 0.5 parts formaldehyde) overnight, then 

transferred to 70% ethanol prior to drying. Fixed samples were prepared in an ethanol series 

(90-95-100%) and immersed in acetone before processing in an Emitech K850 Critical Point 

Dryer. The dried samples were further dissected under the Stemi 2000C dissecting 

microscope prior to sputter coating with platinum using Emitech K575X Sputter Coater. 

SEM imaging was conducted using a LEO Supra 55VP SEM (Zeiss, Welwyn Garden City, 

UK). Further dissections were made using Stemi 2000C dissecting microscope (Zeiss, 

Welwyn Garden City, UK) to coated samples to aid observation of meristem primordia, 

further dissection of the samples prepared for SEM was carried out on some specimens under 

the dissecting microscope, followed by a repeat sputter coating of 30 seconds prior to their 

return to the SEM.  

 

For nodal anatomy observation, samples of mature specimens were collected, and scale 

diagrams and digital photographs were taken prior to dissection. A straight line was marked 

on the stem sample with a Sigma lab marker (Sigma-Aldrich) to aid orientation of sections 

under the microscope. Observations were made on serial free hand sections of stem and 

nodes and petioles, and then analysed using the dissecting microscope and photographed 

using a digital camera as described in the previous section. 
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4   Results: Morphological Investigation 

 

4.1   Seedling cultivation outcomes 

 

The outcomes of the seedling cultivation are summarised in Table x3 below. Cultivation of 

species was successful in providing sufficient samples for the morphological investigations 

done alongside the evaluation of mature plant specimens and reported in section 4.2  

 

The earlier sowings of S. bullatus and S. schliebenii showed signs of pathogen infection 

causing delayed development and these were subsequently removed from analysis. The 

reduced number of both of these species and the extraction of examples for destructive 

sampling reduced the number of seedling available for further sampling, and potentially 

undermining the accuracy of findings with such a small sample population.  S. montanus was 

slow to develop and the first vegetative primordia were only observed in the final weeks of 

the study and only a small number of seedlings were available, again limiting the sample 

range available for analysis (delayed development of the first vegetative primordia has 

previously been noted in S. montanus by Jong, (1970)). The time limitations were also factor 

in not being able to identify the transition to a conventional SAM in S. schliebenii.  
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Table 3. Seedling cultivation outcomes. 
 
Species Outcome Notes  
S. glandulosissimus  Insufficient numbers 

germinated and repeat sowing 
failed 

S. pallidiflorus was used 
as a replacement 
outgroup from subg. 
Streptocarpella. 

S. pallidiflorus  Germination successful Was used as a 
replacement outgroup 
from subg. 
Streptocarpella. Limited 
sampling, data collected 
in previous studies. 

S. parensis 
(Protostreptocarpus) 

Insufficient germinated 
numbers 

Removed from study 

S. bullatus) Early sowings influenced by 
pathogen 

Reduced numbers 
available for study 

S. schliebenii 
 

Early sowings influenced by 
pathogen 

Reduced numbers 
available for study 

S. montanus  
 

Slow to develop vegetative 
primordia 

Limited sample set 
available 

S. rexii Germination successful Limited sampling, data 
collected in previous 
studies. 

 
 
4.2   Seedling and mature plant morphological findings. 

 

The following is a description of the seedling development, the mature samples and their 

morphologies presented species by species. Images for each are presented in the 

accompanying panels of figures. For each species the seedling development observations are 

presented first, followed by those on the mature plants, with light microscopy, SEM imaging, 

and observations of nodal anatomy being presented for each.  

 

The age of seedlings in this study are described as the number of days and or weeks from the 

sowing date. As a result of the different rates of development and germination, observations 

were recorded when developmental changes were observed in > 60% of the samples. Records 

of any developmental anomalies, or evidence of biotic stress from pathogens were also 

recorded.  
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SEM images of seedlings of all five species, at the same stage (five weeks after sowing, four 

in the case of S. pallidiflorus) in order display the variations in cotyledonary development. 

are collected together in Fig. x11 for easy comparison, as are the images of nodal anatomy 

Fig. ?.. It should also be mentioned that there was some difficulty in assessing seedling age 

due to different rates of growth, combined with extended germination periods. 
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Figure 6.  Comparative SEM micrographs of cotyledon development.  
Adaxial and abaxial orientation at ~ 4 weeks after sowing. a-b) S. pallidiflorus, c-d) S. schliebenii, e-f) 
S. bullatus, g-h) S. montanus, (i-j) S. rexii. 
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4.2.1   Streptocarpus pallidiflorus 

 

Seedling development of Streptocarpus pallidiflorus 

 

Light microscopy:  The first observation at 14 days after sowing, all seedlings had past the 

isocotylous stage and already had one visibly larger cotyledon (anisocotyly). The cotyledons 

were ~1 mm in length, the lamina was orbicular with a truncate leaf base and entire margin, 

Figure 7, (a). A plumule between the two cotyledons was not detectable. 

 

At four weeks the macrocotyledon was visibly larger at ~ 10mm in length Fig. x2 (b) with the 

microcotyledon showing little evidence of enlargement. The base of the macrocotyledon had 

developed a cordate shape, due to the meristematic activity of the BM. At seven weeks the 

first pair of leaves, Figure 7 (b) were clearly visible in the axis of the cotyledons, and the 

microcotyledon petiole had flattened and elongated. 

 

SEM:  SEM observation of the abaxial surface and the margin of the microcotyledon showed 

a small number of glandular trichomes Figure 6 (a). The distal region of the macrocotyledon 

showed a similar distribution of glandular trichomes corresponding to the residual epidermis 

of the cotyledon prior to the enlargement of the lamina from the BM. A distinct central region 

made up of large rectangular cells all corresponded to location of the midrib in the 

macrocotyledon. Numerous needle-shaped eglandular trichomes were observed at the 

proximal end of the lamina. Cell size was also variable with smaller cells showing evidence 

of meristematic activity closest to the lamina base and larger irregular cells at the distal 

region.  

SEM observation from ~ four weeks identified an opposite pair of leaf primordia located in 

the fork between the macrocotyledon and microcotyledon in a decussate arrangement Figure 

7, (c), in more advanced samples the primordia developed into the first pair of true leaves and 

were positioned equally between the two cotyledons, Figure 7 (e). At ~ 5 weeks, seedlings 

were observed with the next pair of primordia in the axis first true leaves, Figure 7, (g & h) 

simultaneously an area of meristematic cells were observed at the base of the 

microcotyledon, Figure 8, (d). 
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Figure 7. Light and SEM micrographs of seedling development in Streptocarpus pallidiflorus  
. a) Cotyledons at 14 days. (b) Cotyledons at four weeks. (c) Primordia at four weeks (d)1st pair of 
leaves in axil of cotyledons. (e) Developing 1st leaves. (f) Primordium axillary to microcotyledon. (g) 1st 
pair of leaves with developing primordia. (h) Close up of g. (i) Shoot developing axillary to 
macrocotyledon and apical shoot. (j) Axillary shoot with developing opposite leaves. 
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The first true leaves had an ovate lamina, a truncate base with no visible sign of BM activity, 

and a dense covering of trichomes. At nine weeks a new opposite pair of leaves were visible 

in the axis of the apical shoot and the macrocotyledon, Figure 7, (i), and a single primordium 

was observed developing at the base of the microcotyledon, Figure 7, (f). 

 

b) Meristem development in mature samples of Streptocarpus pallidiflorus 

 

Visual observation: Inflorescences were observed developing in the axils of the upper nodes 

of the primary shoot, with a pair of leaves developing at the base of the young inflorescences 

on the side facing the subtending leaf. As the inflorescence extends, the additional vegetative 

shoot develops Figure 8 (b). The axillary inflorescence development was observed to be 

delayed in some cases, showing inflorescences at different developmental stages at the same 

node, or lost and replaced by a vegetative shoot. 

 

SEM: SEM observation of the apical shoot of mature plants identified a single oval meristem 

primordium with two distinct opposite domed areas, located in the axis of the top pair of 

leaves  Figure 8 (c). At a later stage of development, an opposite pair of leaf primordia were 

also observed emerging from the apical meristem between the top two leaves of the apical 

shoot  Figure 8 (e & f). The leaf primordia showed developing glandular and eglandular 

trichomes on the concave adaxial and convex abaxial surfaces, and margins. 

 

Nodal Anatomy:  Stem and node sections identified the presence of split-lateral traces 

parallel to the vascular cylinder at the node. These single traces arising from the vascular 

cylinder just below the node, before splitting into two and migrating in opposite directions 

towards the leaf as shown in Figure 19, (a). 
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Figure 8. Light microscopy and SEM images of mature samples of Streptocarpus pallidiflorus  
(a) Apical shoot. (b) Axillary inflorescence and vegetative shoot. (c) Apical shoot meristem. (d) 
meristem at macrocotyledon. (e) Paired axillary primordia. (f) Leaf primordium. (g) Apical shoot 
meristem. (h) Axillary shoots. 
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4.2.2   Streptocarpus schliebenii 

 

Seedling growth of S. schliebenii 

 

Light Microscopy:  At 15 days after sowing two equal sized (isocotyly) cotyledons were 

observed with a sessile orbicular lamina with a truncate leaf base and entire margin. The 

development of a marginally larger macrocotyledon was visible in < 30% of the seedlings. At 

3 weeks after sowing all seedlings were observed with one visibly larger macrocotyledon ~ 

1mm in length Figure 9,(a). 

At ~seven weeks the macrocotyledon petiolode was observed to elongate raising the lamina 

away from the microcotyledon and at ~eight weeks after sowing a second phase of newly 

germinated seeds were visible. At ~11 weeks after sowing, adventitious roots were observed 

arising on the petiolode, some emerging above the level petiole of the microcotyledon. At the 

same time the microcotyledon showed no evidence of enlargement and its petiole had 

become reflexed orientating the lamina backwards towards the roots, Figure 9,(b). 

 

SEM:  SEM observations of cotyledons at ~four weeks after sowing show the development 

of a crenate margin, and glandular and eglandular trichomes on the adaxial surface Figure 6, 

(b). The adaxial surface of the microcotyledon and the distal region of the macrocotyledon 

have comparable large irregular cells and an absence of trichomes on both abaxial and 

adaxial epidermis which would correspond to the laminal tissues prior to the meristematic 

development of the BM. Evidence of BM activity was visible due the numerous small, 

compacted cells and increased number of developing eglandular trichomes at the base of the 

MA. Elongate rectangular cells of the petiolode meristem were clearly visible showing the 

developing midrib on the abaxial surface.  

From eight weeks an area of small meristematic cells was observed in a depression at the 

base of the BM, followed by a larger area of meristem cells in a slight dome at the same 

transitionary region between the BM and petiolode, Figure 9, (c). At ~9 weeks a single 

primordium of first primary phyllomorph had developed at this position. 
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Figure 9. Light microscopy and SEM images of S. schliebenii seedling morphology:  
(a) Anisocotylous seedling. (b) Petiolode. (c) GM at transition of petiolode and BM. (d) Primary leaf 
primordium. (e) primary phyllomorph developing at GM region. (f) SEM image of primary phyllomorph 
shown in (e). Extended petiolode and lamina of primary phyllomorph. (h) Lamina of primary 
phyllomorph. Abbreviations: GM - Groove meristem, MA – Macrocotyledon, P1 – primary 
phyllomorph. 
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The transition between the lamina was just discernible as an area of smaller cells with a 

constriction at the transition between the lamina and petiolode of the first phyllomorph, 

Figure 9, (d). The lamina area appeared flattened on one side and rounded on the other, this 

would correspond to a flattened abaxial lamina surface the concave adaxial side facing the 

macrocotyledon. At this stage only a few trichomes were visible. 

 

Subsequently, the primary phyllomorph developed on the petiolode, close to the base of the 

macrocotyledon Figure 9, (e), with the abaxial lamina surface facing the macrocotyledon. 

Older seedlings showed the primary phyllomorph lamina in same plane with back to 

macrocotyledon with a distinct petiolode and an emerging adventitious root at its base, Figure 

9, (g). The adaxial surface and enlarging lamina surface has a covering of 3 types of 

trichomes, a crenate margin, and a band of rectangular cells corresponding to the midrib. 

Smaller cells and an increase in eglandular trichome show the presence of meristematic 

activity in the BM region. In addition, a new phyllomorph was visible in the axil of the 

macrocotyledon and the first phyllomorph Figure 10,(b).  

 

Further observations were made of the primary phyllomorph to identify any meristematic 

activity at the GM region of the lamina although none of the samples provided any evidence 

within the project timescale. 

At the end of the study the macrocotyledon was ~ 2cm in length, the lamina surface was 

corrugate, densely so at the proximal end, with a crenate margin. At this developmental stage 

the strap shaped lamina resembled that of an acaulescent Streptocarpus species such as S. 

rexii or S. montanus more than a mature leaf of S. schliebenii Figure 10,(e), and the 

microcotyledon was still visible at the base of the petiolode below the level of adventitious 

roots, with no sign of meristematic activity in the axil. 
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Figure 10. Light microscopy and SEM images of S. schliebenii  
(a) Mature shoot. (b) Leaf primordia axillary to macrocotyledon and 1st phyllomorph. (c) Mature apical 
leaves. (d) Apical meristem primordia of mature plant with axillary inflorescence primordia. (e) 
Seedlings showing macrocotyledon development, 12 weeks. (f) Apical meristem in axil apical leaves. (g) 
Developing axillary phyllomorph in seedling at 12 weeks. (h) Mature leaf. 
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b) Mature samples of S. schliebenii 

 

Visual observation:  Mature specimens ~ 60 cm tall, with numerous vertical shoots and 

juvenile shoots (leaves), developing from the rootstock. Leaves ovate-elliptic, apex recurved 

acuminate, narrow oblique at the base, margins crenate, surfaces densely pilose pubescent, in 

an opposite decussate phyllotaxis. Shoots, petioles, and peduncles all densely pilose 

pubescent. 

 

Axillary inflorescence shoots were seen developing in the upper nodes of primary shoot, with 

subtending vegetative shoots between the peduncle and leaf. Upper nodes showed an element 

of labiality in producing either inflorescence or vegetative shoots. Numerous vegetative 

shoots arising at the axis of lower nodes were observed producing inflorescence shoots later 

in development. 

 

 SEM: SEM images of apical shoots identified paired leaf primordia. These were in an 

opposite decussate arrangement between the terminal pair of leaves. Inflorescence primordia 

were also observed in an axillary position to the terminal leaves and leaf primordia Figure 10, 

(d & f). 

 

Nodal Anatomy:  Stem and node sections identified the presence of split-lateral traces 

parallel to the vascular cylinder at the node. These single traces arising from the vascular 

cylinder just below the node, before splitting into two and migrating in opposite directions 

towards the leaf Figure 19, (b). 
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Figure 11. Light microscopy and SEM images of S. bullatus. 
(a) Seedling at three weeks. (b) Seedling at five weeks. (c) Seedling at 12 weeks. (d) 1st & 2nd 
phyllomorph. (e) Axillary inflorescence shoot. (f) Terminal leaf developing at the base of phyllomorph 
(arrow). (g) Solitary axillary meristem in mature plant. (h) Paired primordia at the base of apical 
phyllomorph, opposite developing inflorescence primordia. 
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4.2.3   Streptocarpus bullatus 

 

Seedling development of Streptocarpus bullatus 

 

Light microscopy:  At 15 days after sowing two equally sized cotyledons were observed. At 

this stage the cotyledons are ~1 mm in length, the laminas are orbicular with a truncate leaf 

base and entire margin with no plumule visible between the two cotyledons. At three weeks 

all seedlings were observed with one larger cotyledon (macrocotyledon), with an ovate-

oblong lamina with a cordate base Figure 11.(a). At five weeks the angle of macrocotyledon 

lamina shifted, tilting the lamina ~ 45% from the horizontal plane, and elongation of 

microcotyledon petiole and signs of lamina growth was visible in ~ 30% of microcotyledons.  

 

At eight weeks the petiolode and hypocotyl showed signs of swelling, anthocyanin 

pigmentation and adventitious root growing from the hypocotyl. At ten weeks, a second 

phase of newly germinated seedlings were visible. At 12 weeks the primary and secondary 

phyllomorph could be seen on the petiolode close to the microcotyledon Figure 11 (d). At the 

end of the study the macrocotyledon lamina was ~ 1.5 cm in length, with lateral nerves and a 

crenate margin at the proximal end. The microcotyledon development varied, with the 

majority showing no signs of further growth, and lamina expansion with elongation of the 

petiole in others. 
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Figure 12. Light microscopy and SEM images of S. bullatus seedlings. 
(a) 1st phyllomorph primordia. (b) Dome-shaped meristem at GM region of petiolode. (c) Petiolode with 
1st phyllomorph P1, and meristem showed in b. P2. (d) Light microscope image of sample shown in b, c, 
and e. (e) Developing phyllomorph at base of microcotyledon. (f) Primary phyllomorph orientated 
opposite macrocotyledon, 2nd phyllomorph developing at GM region. 

 

SEM:  SEM observations of the adaxial epidermis at five weeks identified glandular 

trichomes on the median and proximal regions of macrocotyledon, and to a lesser degree on 

the microcotyledon. The transition between the large irregular cells of the cotyledon 

epidermis prior to the activity of the BM was reflected in the distribution these cells at the 

distal end of the lamina region, and smaller cells and more stomata at the proximal region.  
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A distinct band of large rectangular cells corresponding to PM and the development of the 

midrib could be seen on the abaxial epidermis of both cotyledons.  

 

At ten weeks a single primordium was observed arising at the base of the microcotyledon, 

close to the axil of the two cotyledons Figure 12.(a). Subsequently, the first primary 

phyllomorph developed at the base of microcotyledon petiole, orientated opposite to the 

macrocotyledon lamina Figure 12. (c & e). On the same sample a domed region of 

meristematic cells lay at the GM region of the macrocotyledon Figure 12.(b). In more 

advanced seedlings, the primary phyllomorph and secondary phyllomorph were positioned 

opposite each other close to the microcotyledon petiole and a 3rd phyllomorph was visible 

opposite the macrocotyledon in the GM region. 
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Figure 13. SEM observations of apical meristem in S. bullatus.  
(a) Two primordia. (b) Developing terminal leaf at base of phyllomorph lamina. (c - e) sequential SEM 
images with hypothesised relationship between developing lamina axillary inflorescence primordia 
labelled, P = phyllomorph, F = inflorescence. (f) Terminal axillary meristems, visible after the removal 
of phyllomorph primordia P1 of (d). 
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Mature samples of Streptocarpus bullatus 

 

Visual observation:  Mature plants were observed with two different types of vegetative 

shoots. Small prostrate “resting” shoots arising from the rhizomatous root stock, and vertical 

flowering shoots. The leaves of the resting shoots have a crenate margin, and a corrugate 

lamina with a dense covering of hairs creating a silvery appearance. The vertical flowering 

shoots produce a succession of up to five phyllomorphs, each with a single leaf and a solitary 

inflorescence at the nodes Figure 11, (e&f). The leaf arrangement is alternate, although 

twisting of the stem was observed to change the leaf orientation. In a few cases the lower 

nodes were seen to develop axillary vegetative shoots. 

 

SEM:  SEM observations of axillary nodes identified a single undeveloped primordium 

Figure 11, (g), in the axil of the shoot and petiole, and in the more developed specimens 

examined they were identifiable as single young inflorescences. Trying to identify 

meristematic tissue at the apical shoot proved to be difficult due to the compressed structure. 

In one specimen Figure 13 (c), what appeared to be the terminal leaf of the shoot was actually 

the penultimate leaf, as it had an embryonic leaf at the base of its lamina Figure 13 (d). 

Further dissections of this sample revealed one primordium and possibly a second at the base 

of the developing terminal leaf Figure 13 (e & f). In another specimen, a pair of primordia 

Figure 14 (a) were located at the base of the terminal leaf lamina, and another solitary 

inflorescence primordium was located opposite in the axil of the node  Figure 14 (b). A third 

specimen found the same configuration of paired primordia, in the axil between a developing 

inflorescence and the terminal leaf, Figure 14, (e & f). The observations of two meristems, 

point to a single meristem that is developing one apical vegetative primordium and an 

axillary inflorescence primordium by division. 
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Figure 14. SEM micrographs of meristem development in S. bullatus.  
(a) Inflorescence - F, and leaf - P, primordia developing at the base of terminal lamina, opposite 
penultimate lamina and remains of peduncle. (b) Close up of a. (c - d) Removal of primordia in b. (e) 
Pair of primordia developing axillary to terminal lamina, with penultimate inflorescence primordia 
developing. (f) Close-up of meristem primordia shown in e. 
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Nodal Anatomy:  Serial stem and nodes sections of S. bullatus were made and identified the 

presence of spilt-lateral traces. Two parallel traces were observed originating from the sides 

of the vascular cylinder, ~ 2 cm below the node Figure 19, (c), from here they migrate across 

to the centre of the vascular bundle and divert in the direction of the leaf gap at the node 

Figure 19 (d). The vascular cylinder of the nodal petiole showed the same configuration 

characteristic of a Streptocarpus petiolode (Jong, 1970).  
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4.2.4   Streptocarpus montanus 

 

Seedling development of S. montanus  

 

At 15 days after sowing two equally sized cotyledons ~1 mm in length were observed with 

and orbicular lamina with a truncate base and entire margin Figure 15 (a). At this stage a 

plumule between the two cotyledons was not visible. At three weeks all seedlings were 

observed with one visibly larger cotyledon (macrocotyledon), with an ovate lamina with a 

cordate base Figure 15 (b). At five weeks the angle of macrocotyledon lamina had reoriented 

~ 45% from horizontal plane, and lateral nerves and a crenate margin were visible at the 

proximal end of the macrocotyledon lamina. At this stage, it was possible to see that several 

seedlings had three equally sized cotyledons, Figure 15, (c). 

 

At ~ 12 weeks a meristem was visible at the GM position of the petiolode Figure 15,(d). 

Subsequently the petiolode and hypocotyl showed signs of swelling, anthocyanin 

pigmentation and adventitious root emergence, and the development of the first primary 

phyllomorph from the petiolode. Developmentally older seedlings from another accession 

showed the development of a new phyllomorph at the base of the microcotyledon, an axillary 

meristem developing in the axil of the macrocotyledon and the primary phyllomorph. A 

region of meristematic cells was visible at the GM region of the primary phyllomorph at the 

same time. At the end of the study the ovate macrocotyledon lamina was ~ 2.5cm in length 

with an entire margin and cordate base and the microcotyledon showed no evidence of 

enlargement,  
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Figure 15. Light microscopy and SEM images of S. montanus. 
(a) Isocotylous seedling at 15 days. (b) Anisocotylous seedling at three weeks. (c) Tricotylous seedlings 
at five weeks. (d) Seedling petiolode at 12 weeks. (e) Dome-shaped meristem developing at GM region. 
(f) Close-up of e. (g) Primary phyllomorph primordia. (h) 2nd phyllomorph P2 developing at base of 
microcotyledon -mc, AR adventitious root. 
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SEM:  At four weeks trichomes were absent from the adaxial surface of microcotyledon and 

distal region of the macrocotyledon. The proximal region of the microcotyledon and >50% of 

the lamina surface of the macrocotyledon with glandular and eglandular trichomes, and 

correspondingly smaller meristematic cells at the macrocotyledon lamina base Figure 6 (g). 

Elongated rectangular cells were clearly visible on the abaxial surface of the microcotyledon 

and macrocotyledon corresponding to the midrib these also extended laterally in the 

macrocotyledon showing the development of lateral nerves Figure 6 (h). 

 

After the development of the petiolode and the enlargement of the macrocotyledon lamina, an 

area of small meristem cells was just visible beneath a dense layer of trichomes at the GM 

region of the petiolode, shortly followed by the development of a dome shaped meristem 

located at the GM position on the petiolode Figure 15 (e & f). The primary phyllomorph 

oriented 90 degrees to the macrocotyledon lamina Figure 15 (g) was observed differentiating 

into a discernible lamina and petiolode. SEM also captured the development of a second 

phyllomorph at the base of the microcotyledon, and an inflorescence developing in the axil of 

the macrocotyledon and the primary phyllomorph Figure 16, (c).  

 

Mature samples of S. montanus 

 

Visual observation:   Mature plants were dissected and examined to identify the location and 

development of vegetative primordia. Due to the congested and compressed nature of the 

adult plants this did not prove successful and no suitable samples were collected. It was 

possible to identify developing inflorescence primordia Figure 16, (b). at different stages, as 

well as the persistent peduncles and remains of older phyllomorphs were visible as rough 

brown scar tissue near the roots Figure 16, (d).  

 

Nodal Anatomy:  Petiolode and node sections were taken to examine the vascular traces of 

S. montanus. This was hindered by the congested nature of the petiolodes and their 

compacted attachment, as well as the woodiness of the tissues but there was some evidence 

of girdling traces. 
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Figure 16. Light microscopy and SEM images of mature specimens of S. montanus. 
(a) Acaulescent habit b) Acropetal development of inflorescences- F. (c) Digital image and SEM of the 
same semi-mature seedling with developing phyllomorph. P1= Phyllomorph, AX = Axillary 
Inflorescence, MC = Macrocotyledon, PM = phyllomorph meristem, FM = inflorescence meristem. (d) 
Base of phyllomorph showing peduncles and remnants of senesced phyllomorphs. 
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4.2.5   Streptocarpus rexii 

 

a) Seedling development of Streptocarpus rexii 

 

Light Microscopy:  At 15 days after sowing two equally sized cotyledons ~1 mm in length 

were observed with an orbicular lamina, truncate base and entire margin Figure 17 (a). At this 

stage a plumule between the two cotyledons was not visible. At three weeks the 

macrocotyledon had differentiated and was larger than the microcotyledon. At eight weeks 

the macrocotyledon lamina was > 7 mm in length Figure 17, (b), and the swollen petiolode 

and hypocotyl showed signs of red pigmentation and adventitious roots 

From ten weeks the first phyllomorph lamina was clearly visible, and by 12 weeks the 

macrocotyledon lamina cordate-ovate and ~2.5 cm in length. 

 

SEM:  At ~ four weeks the adaxial surface of the macrocotyledon showed a transition from 

large irregular cells at the distal region of the lamina and smaller cells at the proximal region 

Figure 6 (j). The distal region of the macrocotyledon showed an absence of trichomes in 

common with the microcotyledon surface, the needle-like trichomes were only present in the 

proximal region of the lamina with a dense layer at the site of the BM.  

The abaxial surface and the margin of the macrocotyledon and microcotyledon showed 

only a few glandular trichomes and no needle-shaped trichomes, Figure 6, (k). The variation 

in cell size and number of stomata was visibly different between the distal region of the 

macrocotyledon and the microcotyledon, and the basal region of the macrocotyledon, with 

larger cells and fewer stomata at the distal and smaller cells and more stomata at the 

proximal. A distinct central region made up of large rectangular cells corresponding to 

location of the midrib could be seen in the macrocotyledon, and to a lesser degree in the 

microcotyledon. Two other lines of rectangular cells were observed developing from the base 

of macrocotyledon towards the margin corresponding to the developing lateral veins. 

 

At ten weeks a dome-shaped area of meristematic cells was discernible at the base of the 

macrocotyledon close to the BM. Subsequently a single leaf primordium was visible on the 

petiolode between the macrocotyledon and microcotyledon, the lamina was not visibly 

differentiated although the eglandular and glandular trichomes were more numerous and 

developed on one side Figure 17 (e). At 12 weeks the lamina of the primary phyllomorph lay 
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in an oblique direction from the macrocotyledon, and was only just discernible within the 

petiolode trichomes Figure 17, (f).  

 

 
Figure 17. SEM and Light microscopy images of S. rexii.  
(a) Cotyledon at 15 days. (b) Anisocotyly at eight weeks. (c) Primary phyllomorph developing from 
petiolode at 12 weeks. (d) Dome-shaped meristem at ten weeks. (c) Phyllomorph primordia at 12 weeks. 
(f) Developing phyllomorph P1 at GM region of petiolode, mc= microcotyledon. 
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5   Discussion - Comparative analysis of the shoot structure, the position of meristems, 

and leaf initiation of seedlings  

 

This study has identified the location and development of vegetative meristems, and 

phyllomorph initiation and development previously unrecorded in three species from 

Streptocarpus sect. Protostreptocarpus. These findings and how they relate to model dicot 

species, and the two Streptocarpus outgroups, with the addition of findings from previous 

studies, are illustrated in Figure 18 fig, and discussed in the following sections. 

 

5.1.1   Seedling meristem development  

 

Cotyledon development 

 

All accessions of the five species in this study displayed consistently uniform morphology at 

cotyledon unfolding stage consistent with the development of orthodox equally sized 

(isocotylous) cotyledons. The rate of germination, timing to anisocotyly, degree of 

anisocotyly, growth, and phyllomorph initiation varied between all species.  

  

The two caulescent species S. schliebenii and S. pallidiflorus showed rapid growth and 

phyllomorph development, and the later overtook all the accessions, irrespective of being 

sown at the latest date.  Delayed seedling growth and onset of anisocotyly was identified in  

S. bullatus and the two acaulescent species S. montanus and S. rexii. The 1st leaf initiation 

was retarded in S. bullatus and S. montanus in comparison to the caulescent species and S. 

rexii.  

 

In the cotyledons of S. pallidiflorus and the model dicot Antirrhinum majus there is no 

evidence of a groove meristem (GM). In Antirrhinum majus a SAM is initiated at the plumule 

equidistant between the two cotyledons (Waites and Hudson, 2001) . In S. pallidiflorus, in the 

fork between the two cotyledons, a meristem was observed initiating the development of an 

opposite pair of equally sized primordia, in a decussate position relative to the cotyledons. 

Previous work has identified the paired primordia as two axillary meristems formed at the 

periphery of the rudimentary SAM, and suggest their origin, and the origin of the SAM, are 

distinct from each other in position, initiation timing, and size (Imaichi, Omura‐Shimadate, 
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et al., 2007). This meristem configuration was repeated in subsequent developing apical 

shoots and was consistent with the decussate paired primordia seen at the mature shoots. 

  

An area of small meristematic cells was observed at the GM region of the petiolode, followed 

by the initiation of phyllomorph primordia in the four subg. Streptocarpus species. Four 

stages of GM development were identified, concave, flat, dome shaped, and primordium,  as 

previously reported in S. rexii (Nishii, Nagata and Wang, 2006a). This clearly identified a 

non-conventional shoot meristem, as opposed to the SAM of model dicots A. majus and the 

axillary meristem of S. pallidiflorus, Figure 18, stage 2. 

 

The active GM and subsequent 1st leaf initiation was located at the transition of the petiolode 

and the base of the macrocotyledon in S. schliebenii, S. montanus and S. rexii. In the case of 

S. bullatus the GM region adjacent to the macrocotyledon was active in phyllomorph 

development, but the sequence of development differed as the primary phyllomorph 

developed from a meristem axillary to the microcotyledon. This was followed by the 

secondary phyllomorph developing at the GM adjacent to the macrocotyledon. The initiation 

the secondary phyllomorph was also identified at axillary to the microcotyledon in S. 

pallidiflorus, and S. montanus. 
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Figure 18. Comparative analysis of meristem development and nodal anatomy. 
Diagrammatic comparison of meristem, shoot and nodal anatomy of Streptocarpus species in this study 
and the dicot Antirrhinum majus. Legend: RED - Basal Meristem; Pink - SAM; Yellow - Modified SAM: 
Blue - S. bullatus Meristem. 

 

 

5.2   Phyllomorph development 

 

The orientation of the developing phyllomorph in relation to the MC varied across the 

different species. Here I will describe the position of primary phyllomorph relative to the 

nearest cotyledon.  
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The primary phyllomorph lamina in S. schliebenii was observed with the abaxial lamina 

surface face on to the adaxial lamina of the macrocotyledon. Early in development it is seen 

curving over the macrocotyledon, and then raised above the macrocotyledon by the extension 

of the petiolode. The lamina of the 1st initiating phyllomorph of S. bullatus developed with 

the adaxial surface opposite to the macrocotyledon lamina. In S. montanus and S. rexii the 

primary phyllomorph lamina was rotated ~ 90⁰	  to the adaxial macrocotyledon lamina. 

Previous studies have shown some labiality in the orientation of the 1st phyllomorph in S. 

rexii (Nishii, Nagata and Wang, 2006a). Glandular and eglandular trichomes were present on 

the developing primordia of all species, with a significantly higher proportion of developing 

trichomes seen on the adaxial surface of the developing lamina.  

 

The first true leaves of S. pallidiflorus showed reduced of BM activity in the lamina, and 

were comparable to that of developing leaves observed on a mature plant. This shows that 

BM activity seen in the macrocotyledon was not transferred beyond this developmental stage, 

as previously identified in S. pallidiflorus (Imaichi, Omura‐Shimadate, et al., 2007).  Small 

meristematic cells, similar to those indicating BM activity on the macrocotyledon, were 

observed on the primary phyllomorph lamina of S. schliebenii and S. montanus, and have 

previously been reported in S. rexii (Mantegazza et al., 2007). In S. bullatus insufficient data 

was collected. The 1st phyllomorph lamina in S. schliebenii was closer to that of mature leaf 

than macrocotyledon but maintained signs of BM and PM activity and the development of 

adventitious roots at the petiolode base.  

 

5.2.1   Secondary phyllomorph development. 

 

Shoot development at this stage reiterated the same developmental pattern as the 1st leaves in 

S. pallidiflorus, and 1st phyllomorph in S. rexii (Nishii, Nagata and Wang, 2006a) 

Insufficient data was collected from the slower growing S. schliebenii and S. bullatus to 

observe this stage. The sequence of development of subsequent phyllomorphs also varied in 

S. montanus. Here the secondary phyllomorph developed axillary to the microcotyledon and 

was developmentally ahead of the meristem observed at the GM of the primary phyllomorph. 

The developing axillary meristem initiated between the macrocotyledon and the petiolode of 

the primary phyllomorph.  
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5.2.2   Axillary meristem 

 

Axillary meristems were observed axillary to the macrocotyledon and 1st phyllomorph in S. 

pallidiflorus, S. schliebenii and S. montanus, with evidence of their development in S.rexii 

noted in previous studies (Nishii and Nagata, 2007). For the purposes of this study, there was 

insufficient data to confirm their presence in S. bullatus. The axillary meristem in S. 

montanus was identified as an inflorescence meristem, this was previously reported by Jong 

(1970) and is evident in mature plants by the persistence of the peduncle on the rhizome, after 

the phyllomorph has senesced. 

In S. pallidiflorus the axillary meristem developed a pair of leaves, in S. schliebenii this was 

identified as a single leaf primordium. Microcotyledon axillary meristems were observed in 

S. pallidiflorus, S. bullatus, and S. montanus. 

 

5.2.3   Comparative analysis of meristem development in Mature specimens. 

 

Observation of the apical meristems of S. pallidiflorus and S. schliebenii  identified opposite 

paired leaf primordia, in a decussate arrangement between the terminal pair of leaves, 

comparable to the model species Antirrhinum majus (Waites and Hudson, 1995). 

Inflorescence primordia were also observed in an axillary position to the terminal leaves and 

leaf primordia.  

 

In S. bullatus examination of the axillary nodes identified a single primordium, with evidence 

that these developed into inflorescence primordia. Whereas at the terminal shoot, two 

primordia were observed in the axil between a developing inflorescence and the terminal leaf, 

and in more developed samples the vegetative primordia were observed developing abaxial 

and adaxial, bifacial surfaces. Previous work by Jong, (1970) into the development of 

inflorescence meristem in S.  fanniniae described, “anticlinal divisions within the main 

body of the meristem, subdividing it transversely into two roughly equal portions….and 

with the subsequent growth of the intervening tissue, the two halves eventually become 

completely separated; each then assume a divergent role”. S.bullatus was described by 

Jong, (1970) as a closely related species to S. fanniniae due to its habit. This is evidence 

of the connection between meristem development and the final architecture of the plant, 
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as well as the presence of anticlinal divisions of the meristem that are an important aspect 

of inflorescence development in the unifoliate species in the sect. Protostreptocarpus.  

 

The development of primordia observed in S. montanus reflected the same configuration as 

seen in the seedling. New phyllomorphs developing at the GM region at the base of lamina, 

with subsequent axillary primordia producing inflorescence shoots. 

No mature samples of S. rexii were observed, however this developmental stage mirrors the 

developmental pattern in the seedling as reported by Harrison et al. (2005). 

 

 

5.2.4   Comparative analysis of Nodal anatomy. 

 

Analysis of nodal anatomy identified the presence of split-lateral traces in S. pallidiflorus, S. 

schliebenii and S. bullatus Figure 19. The caulescent species S. pallidiflorus and S. 

schliebenii show the same pattern of parallel single vascular traces splitting into two at the 

node, as also seen in the two woody Streptocarpus species from Madagascar, S. papangae 

and S. suffruticosus (Jong, Christie, J. H. Paik, et al., 2012),  Girdling traces were also 

observed in S. bullatus, although these developed from the internode. This may be the result 

of switching from the prostrate stage of the resting shoots, the point at which the node would 

have developed, followed by the elongation of the petiolode in reproductive phase and 

stretching of the girdling trace. An indication of the presence of girdling traces was also seen 

in S. montanus, but alternative techniques would be required to confirm their presence. S. 

rexii was not observed, however previous studies have shown that no girdling traces are 

present in S. rexii (Tononi et al., 2010). 
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Figure 19. Transverse sections of nodal anatomy.  
(a) Streptocarpus pallidiflorus: TS section of node three, median leaf traces and girdling traces in a 
parallel configuration. (b) Streptocarpus schliebenii: TS section of node three, median leaf traces and 
girdling traces in a parallel configuration. (c) Streptocarpus bullatus: TS section at 2cm below node 
three. (d) Streptocarpus bullatus: TS section at node three. Large white arrow - girdling traces, mlt - 
median leaf trace, vc - vascular cylinder. 
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Conclusions 

 

The results of this observational analysis have identified that the classification of 

Protostreptocarpus as an important transitional section of subg. Streptocarpus is justified, as 

the different growth forms are underpinned by different meristem development. This 

highlights the need for more detailed work into this group and the role it plays in the 

evolutionary development of the unorthodox meristems in Streptocarpus.  

 

I suggest that S. bullatus as a prime target for further investigation to confirm the provisional 

findings of this study. Histological investigation and the incorporation of BrdU techniques to 

identify meristem activity may provide insights into the meristem development and the 

dimorphic growth habit of S. bullatus. In addition, investigation to ascertain the relationship 

of the two forms of S. bullatus, and whether these are separate species. Should S. bullatus be 

determined as two closely related species which display caulescent and acaulescent growth 

forms? If so, they could provide important insights for understanding the mechanisms behind 

the transition between caulescent and acaulescent growth.   

 

Further investigation is needed to identify the transition from the phyllomorph stage to the 

caulescent stage and the initiation of a SAM in S. schliebenii as it was not possible to observe 

this within the time frame of the study. Similarly, the identification of meristem development 

S. parensis (removed from this study) may be informative in unravelling the transition from 

the caulescent subg. Streptocarpella, S. schliebenii and the remaining species in sect. 

Protostreptocarpus.  
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