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Figure 1 Bulbophyllum scotinochiton. Hortus botanicus Leiden
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1 Introduction 

 

This report details the author’s learning outcomes and the benefits derived during a two-week 

travel scholarship project planned and executed as part of the Kew Diploma in Botanical 

Horticulture. Generous contributions helped fund the project and this report is accordingly 

submitted to the requirements of the Stella Ross Craig Bursary administered by the Bentham-

Moxon Trust, and the Merlin Trust 

The project originally planned to view wild species in Thailand. Unfortunately circumstances 

changed for the contact in country 8 weeks before travel, rendering that component no longer 

possible. Communications with contacts at Queen Sirikit Botanic Garden and with the 

Forestry Research Institute of Malaysia didn’t produce results, as most representatives were 

attending the 9th Flora Malesiana symposium in Bogor, Indonesia. Then at the last minute 

Patrick Hayes at Gardens by the Bay helped plan a trip to the orchid-rich Cameron Highlands 

in Malaysia. The author wishes to give special thanks Patrick for his hospitality, experience 

and good humour throughout. Rogier at Leiden and Nigel at Singapore Botanic Gardens must 

also be explicitly thanked for their teachings and generosity. Accordingly the expenditure was 

altered somewhat from the proposal and the projected and actual expenditure are given in 

section 3. 

Original aims and objectives are listed along with an indication of which parts of the trip 

contributed to these. Copies of this report will be circulated to both trusts and internally at 

RBG, Kew. 

 

Figure 2 Dragonfly. Nee Soon Swamp, Singapore 
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2 Original Aims and Objectives and Actual Outcomes 

 

1. Aim: To experience and document native ‘wild’ tropical Orchidaceae in situ in both 

Thailand and Singapore. 

Objective: To visit sites of urban reintroduction in Singapore with the head of orchid 

cultivation at SBG, Dr. Tim Yam. Record protocols and climate data and photograph 

species with a focus on species commonly cultivated at RBG, Kew. 

Objective: Partake in two field trips with a focus on studying terrestrial species whilst 

in Thailand, accompanying the Senior Scientist at Dokmai Garden. Record species and 

cultivation data. 

Outcome: Native species experienced in situ including several terrestrials in Singapore 

and Malaysia. Cultivation data for species cultivated at RBG, Kew recorded with over 

2,000 supplementary images. Species list produced and included in this report. 

2. Aim: To improve the applicant’s knowledge of cultivation and identification. 

Objective: To experience a huge range of orchids both in situ and ex situ in the 

company of experts in the field. 

Objective: To use climate monitoring equipment to record data applicable to 

cultivation, whilst discussing methods and species with experts. 

Outcome: Huge range of Southeast Asian orchid species viewed and discussed in detail 

with Rogier van Vugt at Leiden. Introduction and familiarisation with display and 

heritage breeds of Singapore with Dr. Yam. Native orchid species of Singapore 

experienced with Dr Yam, Craig Williams and Matti Nissalo. Singapore landscape 

plants and the botanic gardens were experienced with Dr Nigel Taylor, who provided 

regular testing on species seen! Over 20 wild species seen and documented in Malaysia 

with cultivation data recorded for each. 

3. Aim: Gather information to potentially benefit the Orchidaceae collection, Conservation 

Biotechnology, Tropical Extravaganza and public display at RBG, Kew. 

Objective: To extensively photograph environmental controls, maintenance 

techniques, displays and interpretation for direct and indirect use in educating and 

entertaining the public. 

Objective: To make possible recommendations for additions to the living collection 

from experience of commonly cultivated genera not currently represented. 

Objective: Record environmental control data from both external and protected sites, 

to compare and contrast with settings at RBG, Kew 

Objective: Build on existing links with gardens and foster good relations to increase 

ease of any future transfer of material 
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Objective: Observe and record protocols used in SBG tissue culture lab and Dokmai’s 

unique approach to inform CBU of progress  

Outcome: State of the art environmental controls recorded and photographed at 

Gardens by the Bay. Interpretation photographed at SBG and GB. Knowledge of 

cultivating epiphytes on trees for display developed in both Leiden and Singapore, 

potentially of use in the Palm House and Princess of Wales Conservatory. Information 

on cultivation environments recorded from a multitude of sites. Symbiotic 

germination protocol for Dendrobium crumenatum and Dr Yam’s novel methods of 

restoration potentially of interest to Dr Sarasan in CB. All stakeholders will be emailed 

a copy of this report and the information will be made available to all who require. 

4. Aim: Experience how Orchidaceae cultivation is adapted to suit different ends 

Objective: Photograph and document the differences in cultivation methods between 

Leiden, Singapore and Thailand, assess the key factors behind the methods and make 

judgements as to what can be transferred for little or no extra cost to RBG, Kew 

Outcome: Cultivation for conservation, external and controlled environment displays 

and the several different output streams of the orchid breeding programme all 

experienced in depth. Experiences and techniques potentially of use to be discussed 

with Christopher Ryan, Nick Johnson and Silke Roche. 

5. Aim: To experience the role horticulture plays in orchid species reintroduction, and learn 

the fundamental factors in the success of these programmes 

Objective: To accompany Dr. Yam in Singapore and Dr. Danell in Thailand to compare 

and contrast two different species reintroductions and note advantages and 

disadvantages of each approach. 

Outcome: Unfortunately not possible to compare and contrast Singapore approach 

with that of Thailand. 

6. Aim: To use the experience to inform and educate fellow horticulturists and the public  

Objective: Deliver a KMIS lecture on the findings of the travel scholarship 

Objective: Present a copy of the final report to RBG, Kew and any external stakeholders 

Outcome: This report will be made available to the Merlin Trust, Bentham-Moxon 

Trust and all staff and students at RBG, Kew. It is available to any other interested 

party on request. KMIS lecture scheduled for Monday 27th January 
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3 Initial costs vs. actual costs 

 

Initial Estimate 

 

 

 

 

 

 

 

 

Item Cost Ticket Time Taken (hh.mm) Source

Travel*

Holland internal £10.00 One-way 1.00 http://9292.nl/

20.55 AMS - 17.25 SIN (12/08/2013) £665.00 One-way 12.30 http://www.skyscanner.net/

Singapore internal £10.00 Return 1.00 http://www.lonelyplanet.com/singapore/transport/

08:00 SIN - HKT 08:55 (19/08/2013) £54.00 One-way 1.40 http://www.skyscanner.net/

10:35 HKT - 12:40 CNX (19/08/2013) £24.00 One-way 1.15 http://www.skyscanner.net/

CNX to Dokmai Garden £12.00 Return 1.00 Dr Eric Danell

06.55 CNX - 08.15 BKK £35.00 One-way 1.20 http://www.skyscanner.net/

10:55 BKK - 21:15 LHR (25/08/2012) £659.00 One-way 16.20 http://www.skyscanner.net/

TOTAL TRAVEL £1,469.00 35.25

Accomodation and Food Cost/night Nights Source

Singapore £10.00 6 Dr Nigel Taylor (pers.comm.)

Thailand £16.00 6 Dr Eric Danell (pers.comm.)

TOTAL ACCOMODATION AND FOOD £156.00 12

Fees (Guides, drivers, permits, arrangements for fieldwork) Cost Source

The Netherlands £0.00 Rogier van Vugt (pers.comm.)

Singapore £0.00 Dr Nigel Taylor (pers.comm.)

Thailand £320.00 Dr Eric Danell (pers.comm.)

TOTAL FEES £320.00

Equipment** Cost Source

Maps, guides and keys £25.00
http://www.amazon.co.uk/books-used-books-

textbooks/

Gift for hosts £50.00 RBG, Kew Shop

TOTAL EQUIPMENT £75.00

SUB-TOTAL £2,020.00

Contingency Cost Source

10% of Sub Total £202.00 N/A

Travel Insurance £0.00 Provided by RBG, Kew to successful applicants

Vaccinations (Tetanus, Hepatitis A and GP's 

recommendations)
£20.00

National Travel Health Network and Centre 

http://www.nathnac.org/index.htm

TOTAL CONTINGENCY £202.00

GRAND TOTAL £2,222.00
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Costs 

 

  

Item Cost Ticket Time Taken (hh.mm) Source

Travel*

LGW - AMS £69.11 One-way 1.00 http://9292.nl/

Holland Internal £20.00 N/A 1.00

20.55 AMS - 17.25 SIN (12/08/2013) £736.10 One-way 12.30 http://www.skyscanner.net/

Singapore internal £50.00 N/A 1.00 http://www.lonelyplanet.com/singapore/transport/

Coach Travel to Cameron Highlands, Malaysia £120.00 Return 1.40 http://www.skyscanner.net/

Malaysia Internal £50.00 N/A 1.00

SIN - LHR £521.30 One-way 16.20 http://www.skyscanner.net/

TOTAL TRAVEL £1,566.51 33.90

Accomodation and Food Cost/day Days Source

Singapore £15.00 7 Dr Nigel Taylor (pers.comm.)

Malaysia £20.00 4

TOTAL ACCOMODATION AND FOOD £185.00 13

Fees (Guides, drivers, permits, arrangements for fieldwork) Cost Source

The Netherlands £0.00 Rogier van Vugt (pers.comm.)

Singapore £0.00 Dr Nigel Taylor (pers.comm.)

Malaysia £0.00

TOTAL FEES £0.00

Equipment** Cost Source

Maps, guides and keys £25.00
http://www.amazon.co.uk/books-used-books-

textbooks/

Gift for hosts £50.00 RBG, Kew Shop

TOTAL EQUIPMENT £75.00

SUB-TOTAL £1,826.51

Contingency Cost Source

10% of Sub Total £182.65 N/A

Travel Insurance £0.00 Provided by RBG, Kew to successful applicants

Vaccinations (Tetanus, Hepatitis A and GP's 

recommendations)
£20.00

National Travel Health Network and Centre 

http://www.nathnac.org/index.htm

TOTAL CONTINGENCY £182.65

GRAND TOTAL £2,009.16



Thomas Freeth Report for the Merlin and Bentham Moxon Trusts 6th January 2014 

8 
 

4 The Netherlands 

 

Hortus botanicus Leiden 

 

Created in 1590 under the guidance of Carolus Clusius and later developed by Carl Linnaeus, 

Hortus Botanicus Leiden is the second oldest botanic garden in Europe. It remains part of the 

University of Leiden and is an important and active centre for the study of south-east Asian 

Orchids, with over 80 type specimens held within the living collections. The glasshouses have 

undergone a major restoration over the last 18 months and the author arranged to meet with 

the Glasshouse Chief Rogier van Vugt before flying out to south-east Asia. 

 

Figure 3 The entrance to the Hortus 

Cultivation 

Rogier van Vugt has overseen the glasshouse restoration and manages the orchid collection. 

He is a former intern at Kew and a regular donor of material. He has travelled extensively in 

south east Asia collecting and documenting material, including the Cameron Highlands. He 

was therefore able to help me contribute to several project aims. Notable cultivation features 

at Leiden are: 
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Figure 4 Rogier van Vugt, Glasshouse Chief at the Hortus 

- Collections are split into display and scientific. Scientific collections rarely go out on 

display as many perform poorly without prescriptive care. They are also highly sought 

after by collectors and many are irreplaceable. 

- Display species are only those with proven performance in glasshouse conditions. He 

does not attempt to grow choice species on display for the sake of it e.g. he doesn’t 

cultivate a cycad collection as the resources (mainly space) needed for a strong 

representation of the group. 

- The scientific collections contain south-east Asian orchids, with some Nepenthes and 

others of interest including Amborella trichopoda. Plants are kept small with few or no 

replicates, requiring high horticultural skill. Rogier attributes this ability to 

specialisation, experienced staff 

- Scientific collections split into warm (lowland – min 18°C) and cool (montane – min 5°) 

climates in two small but well-organised glasshouses. Humidity control is achieved 

with fogging nozzles at 70-80%RH 
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- Many epiphytic species kept in hanging pots with an inbuilt reservoir,  eliminating risk 

of pots falling over, reducing watering requirement and allowing good air movement 

around each plant 

- Some of the larger trees that were left in situ during the restoration aren’t good host 

trees for epiphytes. Rogier was trying novel methods to aid establishment of orchids on 

these trees, using the roots of pioneer genera Dischidia and Davallia stuffed with 

Sphagnum moss to create ‘termite nests’ This was an attractive solution but it was too 

early to see whether the Bulbophyllum spp. would take to them. Other unorthodox 

methods included walls made from peat blocks inserted into the supporting uprights, 

and Nepenthes bogs created with a liner and peat blocks. 

 

Figure 5 Rogier and the scientific collections 
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Figure 6 Dendrobium helix. Hortus botanicus Leiden 

 

Figure 7 Nepenthes aristolochioides. Hortus botanicus Leiden. 
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Identification 

Rogier gave a full and detailed account of the distinguishing features of common genera and 

showed examples of many species I would be likely to encounter in the Cameron Highlands, 

as he himself had visited. He also demonstrated the large remit the genera Bulbophyllum and 

Dendrobium have within the south-east Asian Orchidaceae and some of the remarkable floral 

diversity exhibited in both groups. 

 

Figure 8 Bulbophyllum lepidum. Hortus botanicus Leiden. 

 

Figure 9 Dendrobium taipinense. Hortus botanicus Leiden. 

The genus Glomera was one I had not come across and the cultivation of which is a speciality 

of Rogier. He explained how very little research had been done, but some are known to 

harbour unicellular organisms in their leaves, presumably in symbiosis. He also explained that 
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some of these species are so specialised to a particular environment that just changing their 

aspect within cultivation can cause irreversible decline and death. 

 

Figure 10 Glomera sp. Hortus botanicus Leiden. 

 

Items of benefit to RBG, Kew 

The horticultural staff works weekly with the herbarium staff to observe and document the 

collections. André Schuiteman continues this tradition at Kew, visiting the orchid collections 

every Tuesday to verify species in flower. This direct contact, exchange of information and 

joint stewardship between horticulturists and scientists is not currently widely employed at 

Kew. The model employed and developed at Leiden ensures the living plant collections are 

used effectively, and should be seen as an example to follow. 

When you compare Kew’s considerable contribution to horticultural training and contrast this 

with the level of experience and expertise required to care for some orchid species, the models 

aren’t completely compatible. The Dutch model is to split collections up between partner 

institutions (University of Utrecht houses the South American collection for instance) and you 

can conclude that specialising in one region, keeping fewer replications and prioritising 

natural source species allows for greater collections diversity and greater scientific value. This 

model also enables regular donation of valuable natural source material to other scientific 

institutions.  
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Figure 11 Ed de Vogel cataloguing spirit collections for the herbarium 

The glasshouses themselves are beautiful wood-framed modified Venlo structures, with the 

exception of the Victoria house which is bespoke. They have been restored to their original 

uniform and symmetrical layouts, with the only exceptions the new climate control system 

and a vertical extension being fitted to the main tropical house. Rogier explained the theory 

was to allow for greater thermal stability in the house. This meant that plant health and 

appearance would improve at the walkway level, also providing more comfortable ambient 

conditions for visitors. 

 

 

Figure 12 Wooden frame, modified roof, shading and vents of the restored tropical display house 
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Figure 13 Peat block epiphyte walls built within the structural framewaork 
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5 Singapore 

 

Singapore has a long history of orchid cultivation and a reputation for breeding high quality 

varieties for the home and display. The Botanic Garden hosts the largest display of tropical 

orchids in the world, complete with an air conditioned cool house, mist house and a species 

orchid display. in addition to this the Head of Orchid Breeding, Conservation and 

Microbiology Dr Yam Tim Wing has been actively restoring nationally extinct species to 

highways, parks and open spaces throughout Singapore, and conducting meticulous 

monitoring through observation and weather stations installed at various sites. There was an 

opportunity to study both these projects, visit the state-of-the-art horticultural development 

at the Gardens by the Bay and examine the manifestations of the garden city shaped by 

contemporary landscape architecture. 

 

Figure 14 Dr Yam Tim Wing in the National Orchid Garden 

5.1 Singapore Botanic Gardens 

 

Wild Orchids 

My first wild tropical sighting was the ubiquitous Dendrobium crumenatum. This species has a 

huge distribution range and ecological niche throughout the Asian tropics enabling it to 

happily grow on sites as disturbed as Singapore. Dr Yam has managed to make use of these 

tough characteristics by germinating wild collected seed symbiotically in an oatmeal culture 

with mycorrhizal fungi isolated from the root of a wild plant. The rate of growth is two or 

three orders of magnitude quicker than common asymbiotic in vitro methods, but presents its 

own problems: Sometimes the fungus will outcompete or completely parasitize the seed or 

seedling in culture indicating that there may be other agents in nature that regulate its vigour. 

The complexity of controlling this variable is considerable, and demonstrated how little is 

known of the subject. Cultivating fungus to enable symbiotic germination of seeds would 
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require a separate sterile culture lab to be built and then a high degree of precision to isolate 

the target fungus and introduce the seed without contamination. D.crumenatum is also the 

only species in Singapore currently recruiting from a seedbank. 

The Conservation Programme 

Dr Yam took me to many of his restoration sites, and explained the process that he had 

developed for his conservation programme. The red data list for Singapore (IUCN, 1994) 

recorded 178 of the 226 native orchid species as nationally extinct (NE) and a further 40 as 

critically endangered (CE). Since 1999 Dr Yam has been developing his conservation 

programme to serve multiple ends: 

- Restore nationally extinct native species to create self-sustaining populations  

- Conduct various experiments and generate data to share with the scientific, 

horticultural and conservation communities 

- Beautify the street trees and open spaces of Singapore 

- Raise public awareness of the nature of Singapore, and encourage stewardship of it 

 

Figure 15 Cymbidiums being raised for reintroduction  

The programme works like this: 

- Native species are selected for reintroduction based on certain factors including but 

not limited to: ease of cultivation; rate of growth; availability from commercial 

growers. 

- Selected species are propagated from native seed where available and grown to the 

desired size and introduced to a target site 

- Host trees are identified within the target site 
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- Epiphyte mounts are fixed to host trees from mid-September to mid-October during 

the rains. Terrestrials are mounted on inverted baskets mixed with charcoal. The high 

humidity during this period promotes strong root growth and subsequent 

establishment. They receive no more horticultural care after this. 

- Solar powered weather stations are installed at each new site to measure temperature 

(°F), photosynthetically active radiation (µE), rain, humidity (RH %), wind speed, gust 

speed and wind direction 

- The aim is to reintroduce two new species per year, with 18 species and over 9,000 

plants having been reintroduced so far. 

- Fruits have been seen on Cymbidium finlayonianum, Cymbidium bicolor and 

Dendrobium aloifolium but there has been no evidence of seedling recruitment. 

 

Figure 16 Weather station installed above reintroduced Cymbidium bicolor. Macritchie Reservoir, 
Singapore 

Given the very high rate of extinction and fragmentation of extant populations and the 

propensity of many of the species to reproduce poorly by autogamy it is impossible in many 

cases to restore with indigenous material. As none of the species are nationally endemic and 

most are common in cultivation material is ready available. The effects of local species 

reintroduction on genetic drift within extant populations are difficult to quantify. Dr Yam’s 

argument is that Singapore is a biological vacuum, and it is therefore impossible to restore all 
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from native germplasm. The species he is restoring are not considered rare outside of 

Singapore and he argues there is much to be learned to benefit species reintroductions 

globally. Where possible he has propagated from native stock, either from seeds collected e.g. 

Thrixpermum amplxicaule from the island of Pulau Ubin or vegetatively e.g. the last known 

specimen of Robiquetia spathulata. He knows R.spathulata to be an obligate outbreeder from 

his nursery trials, but is interested to see whether it could still happen. There is inevitably a 

lead time for species propagated from seed, so another strategy for instant impact was 

developed. Species such as Grammatophyllum speciosum and Cymbidium finlaysonianum are 

common outside of Singapore and regularly found in cultivation in the tropics, so large plants 

of these have been sourced from commercial suppliers for an instant impact. 

 

Grammatophyllum speciosum is the largest orchid in the world, with inflorescence spikes up to 

2m. It has accordingly become Dr Yam's flagship species. He has introduced very large 

specimens all over Singapore as a terrestrial, using a cultivation method he has developed 

through his observation of its life cycle: Although this species undisputedly starts life as an 

epiphyte it often becomes too big for its perch and falls to the ground, where it becomes a 

facultative terrestrial, similar in nature to the ubiquitous Bird’s Nest Fern, Asplenium nidus-

avis. He creates inverted ‘baskets’ of charcoal to raise the plant from the ground and adsorb 

salts and chemicals latent in water splash. This technique is working well and his two oldest 

specimens outside the entrance to the gardens, in the central reservation on Napier Road, put 

up some huge flower spikes and made national news. 

 

Figure 17 Grammatophyllum speciosum on Napier Road, Singapore 

Some intuitive observations have been made through his experimental approach and were 

evident at his trial sites 

1) Bioindicators 
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The presence of lichen, bryophytes and epiphytes can indicate suitable host trees for 

orchids, but also where the exposed and sheltered microclimates are on a specific host. 

On Napier Road, the oldest reintroduction site and one of the busiest roads in 

Singapore, he has restored plants to trees on either side of the road and on the central 

reservation. One side is sheltered and one side is less so, with the central reservation 

being exposed to the most sunlight and winds. The sheltered side has the healthiest 

looking plants with lush foliage, but the lowest flowering rate. The central reservation 

has the highest fatality rate but also the highest flowering rate. In addition to this Dr 

Yam intentionally randomises his positioning on the trees as he has discovered that by 

analysing the positions year on year relative to where they were mounted orchids will 

actually migrate to their preferred location on a branch. 

 

Figure 18 Bryophytes and ferns are used as a bioindicator for moist and dry microclimates. Napier Road, 
Singapore 

2) Host tree specificity 

As there is no primary vegetation left in Singapore, and many of the street trees are 

non-native data has been generated on which of the palate of street trees used in the 

built environment are the best for his programme. The South American Rain Tree 

Samanea saman (syn. Albizia saman) is an excellent host for epiphytes and has been 

very widely planted. The same is true for Tabebuia rosea, The South American trumpet 

tree. The native Angsana, Pterocarpus indicus has been shown to be a proficient host of 

epiphytes too. This species is the national tree of the Philippines and thought extinct 

in Peninsular Malaysia, Thailand and Vietnam. The revered native Fagraea fragrans 

and introduced Khaya senegalensis on the other hand are repeatedly sighted 

supporting very little epiphytic flora. Dr Yam uses the data generated from his 

observations and works with his colleagues in NParks to inform Singapore’s urban 

forest planning, assisting in engineering a better habitat for native flora. 
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Figure 19 Samanea saman showing its ability to host epiphytes. Napier Road, Singapore 

3) Selection of site 

A simple conclusion to make would be that a conservation programme would 

prioritise natural areas and attempt to create self-sustaining populations within 

Singapore’s national parks. However when you consider the horticultural practicalities 

of restoring species to natural areas it would be impossible to manoeuvre a MEWP into 

position, and climbing arborists risk damaging host trees and epiphytic flora they 

contain. He actually prioritises areas highly visible to the public such as highways, car 

parks and tracks into nature reserves. This strategy will enable access for hand 

pollination and monitoring, allowing the surrounding natural areas to be inundated 

with seed once the fruits are matured. This also raises the profile of the programme, 

allowing people to photograph and enjoy the orchids. As it is unclear whether the 

necessary pollinators and symbionts are present in Singapore to enable a population 

recovery, and given the propensity of a single orchid to produce vast quantities of seed 

and disperse them over a great distance, this is actually an ingenious way of 

establishing the relative health of the remaining ecosystems and will indicate whether 

further work on mycorrhizae or analogous pollinators is needed. 

It was incredibly pleasing to see horticulture playing a central role in conservation in 

Singapore. Seeing reintroduced orchids flowering against a backdrop of intensive urban 

development was. a powerful image. It is intriguing to see what the next step will be when the 

results of this inundative approach become clearer over the coming years. 
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Figure 20 Reintroduced Cymbidium finlaysonianum flowering on the 8-lane East Coast Parkway Chiangi 
Airport, Singapore 

Reintroduced species recorded flowering during time in Singapore: 

 Bulbophyllum membranaceum 

 Bulbophyllum purpurascens 

 Cymbidium bicolor 

 Cymbidium finlaysonianum 

 Dendrobium aloifolium 

 Dendrobium leonis 

 Phaleonopsis cornu-cervi 
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Figure 21 Reintroduced Phaleopnopsis cornu-cervi. Pasir Ris Park, Singapore 

 

Figure 22 Reintroduced Bulbophyllum purpurescens. Pasir Ris Park, Singapore. 
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The National Orchid Garden and Orchid Breeding Programme 

Dr Yam gave me a tour round the National Orchid Garden and introduced me to the 

different displays whilst explaining the mechanics of each. He works with the landscape 

architects to develop and select plants from his breeding programme that will perform in 

the relatively exposed Singapore conditions. A great example of this is how he breeds to 

adapt leaf morphology. If he has a strap-leaved vandaceous orchid with a desirable trait 

(e.g. flower size, inflorescence spike) he will cross it with a half- or semi-terete leafed 

variety (offspring of terete x strap). This usually gives rise to offspring with a quarter-terete 

leaf. He has worked out over time that this is the optimal leaf morphology for best 

performance in the Singapore climate whilst retaining the desirable traits of the strap leaf 

lines. Another base he often uses is to select pollinia from the earliest flowering of a 

generation and cross it with the latest flowering. This often gives rise to a variety with an 

extremely long flowering window. 

 

Figure 23 The National Orchid Garden, Singapore Botanic Gardens. 
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Figure 24 Terete leaves of Vanda 'Miss Joaquim'. Singapore Botanic Gardens. 

 

Figure 25 Quarter-terete leaves resulting from breeding a strap-leaf x semi-terete (terete x strap). 
Singapore. 

Dr Yam has a large nursery dedicated to the breeding solely to the breeding programme 

off site, and this is essential to create the inertia required to consistently deliver new and 

exciting varieties. Here he has literally thousands of orchids sourced from commercial 

growers alongside the results of years of breeding at SBG. He explained that it is all about 

recognising the traits in a particular variety, which may only occur once in that generation. 

The stability and expression of that desired trait then needs to be established but this will 

only become apparent when that generation has reached flowering maturity. This is why it 

is so important to have multiple projects going on at any one time with multiple 

applications. Dr Yam’s applications include those for selling to trade for mass production, 

those for different aspects and specifications in the National Orchid Garden and also those 
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for the VIP Orchid Garden. Each one generates benefits that are fed directly back into the 

gardens. 

The Heritage Orchid display is one of the only unchanging displays in the National Orchid 

Garden, and it exhibits some of the most famous breeds to come out of Singapore. This 

includes the national flower of Singapore Vanda ‘Miss Joaquim’ and Vanda ‘Tan Chay Yan’, 

the latter of which won a gold medal at Chelsea in 1954 and became the catalyst for an 

explosion of orchid breeding in the area. Today economies of scale in Malaysia, Taiwan, 

Thailand and elsewhere mean that Singapore no longer produces the same output of 

orchids for sale, but Singapore varieties are still in high demand as the brand retains its 

status as a mark of quality. 

 

Figure 26 Vanda 'Miss Joaquim'. Singapore Botanic Gardens 

 

Figure 27 Vanda 'Tan Chay Yan'. Singapore Botanic Gardens. 
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The VIP orchid display is in the words of Dr Yam ‘the strongest marketing tool we have’ at 

SBG. Visiting dignitaries inform the gardens a couple of months previous to their arrival 

and Dr Yam will select and name an orchid from his breeding programme to mark the 

occasion. One only has to google Vanda ‘William Catherine’ or Paravanda ‘Nelson 

Mandela’ for an example of how this programme permeates national medias around the 

world. 

 

Figure 28 Paravanda 'Nelson Mandela'. Singapore Botanic Garden. 

The displays of the National Orchid Garden are mostly seasonal and ephemeral, with the 

exception of the species orchid displays of the Orchidarium and the Cool House. These 

displays align most closely with Kew’s, although the Cool House is air conditioned whereas 

Kew’s permanent displays are heated. 

The orchidarium contained only two flowering species when visited: Phaleonopsis cornu-

cervi and Aerides odorata. It was high up and required a zoom lens and a steady hand to 

get a good photo. Although this was an authentic experience of what it is like to hunt 

orchids in the wild, visitors were much more interested in the large swathes of hybrid 

colour. The cool house is a great high impact display for montane species and contained 

some stunning Bulbophyllums in flower which again were difficult to see. Plant health 

problems were analogous to some seen at Kew, mostly exacerbated by standing water from 

lack of air movement. 
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Figure 29 Aerides odorata in the Orchidarium. National Orchid Garden, Singapore Botanic Gardens 

Dr Yam was able to further demonstrate host tree specificity by showing the differing rates 

of vigour of plants that had been introduced to some of the trees within the orchid garden. 

Plumeria rubra with its multi-stemmed habit and sparse canopy was an excellent example. 

A large specimen of Plumeria rubra exists in the Palm House, and an opportunity exists 

therefore to clad it full of orchids! 

 

Figure 30 Micropropagation laboratory on display to the public. Singapore Botanic Garden 
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The micropropagation lab forms part of the public display with windows at four different 

intervals to demonstrate the process. Interpretation was written on the glass and it was 

very effective, drawing a lot of interest from visitors. If Kew were to develop visual links to 

behind-the-scenes facilities this would be a great model to follow. 

 

5.2 Nee Soon Swamp 

 

Ex-Kew students Craig Williams and Matti Nissalo led the way to a tiny pocket of undeveloped 

swamp forest, sandwiched in between an army barracks and a driving range. Within minutes 

Nepenthes gracilis was spotted growing in the turf adjacent to the swamp, and then in the 

forest margins the first wild orchid (aside from D.crumenatum) was spotted. This was Claderia 

viridiflora, a long, rhizomatous, creeping species that seemed to love the exposed aspect. 

There were several seedlings starting life as a terrestrial, but the mature plants were growing 

vertically using trees for support. 

 

Figure 31 Claderia viridiflora. Nee Soon Swamp, Singapore. 

Further into the swamp we were able to find many Bulbophyllum species but no flowers, many 

of these located high up on a very exposed dead tree trunk. This was the first illustration of 

how much light wild orchids actually prefer, which is contrary to the heavy shading 

sometimes applied to orchid collections in the UK climate. Plocoglottis gigantea was located 

in bud and the more widespread Plocoglottis javanica was found not far from here, 

surrounded by the leaves of jewel orchid Cystorchis variegata. All of these specimens were 

growing in mossy hummocks created by the spreading roots of the forest trees, so in 

somewhere permanently waterlogged they were able to maintain a position above the water 

table with good aeration and less competition. In terms of building cultivation knowledge it 

was a good illustration of how habitat descriptions can be misleading and how interpretation 

of a habitat into a cultivation method i.e. ‘copying nature’ can result in the wrong techniques 
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applied. These terrestrial orchids may all occur in a permanently waterlogged swamp, but 

none of them occur where there is permanent standing water and all require good aeration 

and drainage preferably in an environment that reduces competition from neighbouring flora. 

upon exiting the swamp several epiphytes including many orchids were spotted upon a single 

roadside specimen of Cratoxylum formosum, and upon inspection with the binoculars 

flowering specimens of Pomatocalpa diffusum were spotted on the upper side of lateral 

branches. 

 

Figure 32 Plocoglottis javanica. Nee Soon Swamp, Singapore. 

 

Figure 33 Cystorchis variegatus. Nee Soon Swamp, Singapore. 
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5.3 Gardens By the Bay 

 

The scale of this project cannot be overestimated. It is huge and entertains c.5m visitors a 

year. At a cost of 1bn Singapore Dollars (c.£500m) it has transformed the reclaimed land at 

Marina Bay. This area is a major tourist centre and global advertisement for Singapore, also 

hosting the Formula One grand prix. Built in the shadow of the towering Marina Bay Sands 

Hotel  it provides a horticultural spectacle of the highest order. As you emerge from the Mass 

Rail Transport (underground rail) system you are greeted by the Supertree grove. These 

towering structures are clad in epiphytes from families Bromeliaceae, Araceae and 

Orchidaceae and contain extensive lighting systems for an incredibly dramatic effect at night. 

These are actually cleverly concealed engineering solutions that directly service the 

environmental controls of the conservatories. This allows the conservatories to exist with no 

visible signs of services. Some of the features include: 

 

Figure 34 The Cloud Forest Biome from the Supertree Grove. Gardens by the Bay, Singapore. 

1) Rainwater is accumulated in tanks in the canopy. At night this is released down the 

trunk to drive hydroelectric turbines, generating electricity. The water is then stored in 

underground tanks. 

2) In the day, photovoltaic cells are used to generate electricity, driving pumps that 

return the captured water from underground tanks to the top of another Supertree. 

This allows for more or less 24 hour sustainable power generation for the 

conservatories. 

3) Intakes for the air handling units that cool the air for the conservatories and buildings 

are concealed within. Exhausts from the condenser units also purge the warm waste air 

out of the canopy. There are vents built into these exhausts at person level, and these 

draw air up into the trunks creating a cooling breeze within the grove. 

4) Flues and exhausts are also concealed within the trunks to service the biomass boilers. 
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5) The 25 - 50m height and similar spread provides shading to increase visitor comfort. 

6) For detailed schematics of the engineering solutions for the environmental controls 

visit http://www.grant-associates.uk.com/projects/gardens-by-the-bay/ [Accessed 

06/01/2013]. 

 

Figure 35 Gardens by the Bay at night. Singapore. 

 

Figure 36 The Supertrees house engineering solutions that service the environmental controls of the 
conservatories. Gardens by the Bay, Singapore. 

http://www.grant-associates.uk.com/projects/gardens-by-the-bay/
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Figure 37 Typical landscaping at Gardens by the Bay. Singapore. 

The landscaping on the ground was a similar palette to that used throughout Singapore, with 

huge drifts of common tropical amenity plantings, and in reality you spend most of the time 

marvelling at the structures. There are also huge balancing lakes designed as horticultural 

features, and these filter rainwater collected from the roofs of the conservatories. Given the 

annual rainfall in Singapore there is no need to use mains water supply for any horticultural 

application. Power and hot water is generated by burning biomass collected from GB and 

Singapore. The ash created is returned to GB and Singapore as a soil improver. The biomass 

boilers create hot water and electricity by driving steam turbines, which in turn drive chillers. 

The chilled water is then supplied to the conservatories through pipes which are integrated 

seamlessly into the floors and walls of the display, cooling by convection. Air handling units 

within the conservatories cool by conventional means of internal evaporator coils and external 

condensers. These are augmented with a desiccant cooling system in which pelleted desiccant 

is exposed to the air within the air handling unit. These pellets will draw moisture from the 

air, providing the same cooling effect as the evaporator coils. The saturated desiccant is then 

piped to a regeneration plant where waste heat from the chillers dries the pellets out again. 

The moisture and heat is then purged through a Supertree. This level of ambition shown in 

these glasshouse engineering solutions was nothing short of inspirational.   
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Figure 38 Epiphyte clad Supertree. Gardens by the Bay, Singapore. 

 

Figure 39 Biomass fuel collected from Singapore's green spaces. Gardens by the Bay, Singapore. 
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Figure 40 An illustration of the environmental controls needed for conservatories this size. Gardens by 
the Bay, Singapore. 

Patrick Hayes is the nursery manager at GB and he led me through their on-site nursery and 

through a back door into the glasshouses. The British designed and engineered conservatories 

are split between the Cloud Forest biome and the Flowerdome. Neither are botanical displays, 

although there is plenty of interpretation and some labelling. The Cloud Forest houses the 

largest indoor waterfall in the world and is kept at around 18°C and 70-80%RH to simulate a 

tropical montane environment.  

 

Figure 41 Waterfall in the Cloud Forest Biome 
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Figure 42 Vireya Rhododendron growing well on the artificial rock face 

 

Figure 43 Typical planting on the waterfall, showing the size of the cooling ducts necessary 

The waterfall feature itself was an incredible piece of display horticulture, with some of the 

selected plants clearly thriving in their environment. Notably difficult Rhododendrons from 

the subgenus Vireya were flourishing on the vertical faces. Much like Dr Yam’s conservation 

project, Patrick explained that the brief was to experiment and observe what works and what 
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doesn’t, gather data and refine his approach accordingly. Nepenthes could be seen among 

herbs and shrubs from families Gesneriaceae, Melastomataceae, Araceae, Bromeliaceae 

Begoniaceae and Ericaceae along with many ferns. Orchidaceae was much more conspicuous 

in floral arrangements rather than on the waterfall itself. The scale of the display meant that 

orchids not in flower on the rock face were swallowed by the mass of foliage plants. Common 

with the hybrid displays in the NOG they were ephemeral, being replaced as soon as flowering 

was over. Plant selection for the more permanent displays on the waterfall clearly favoured 

non-Orchidaceae with a continual interest. This strategy could be transposed to the 

permanent orchid displays in the Princess of Wales Conservatory. Currently a small amount of 

pots are integrated into the permanent display, with some choice potted species displayed 

behind a glass screen. A new approach would be to remove all orchids from the permanent 

display and focus on creating a lush backdrop of tropical glasshouse plants with proven 

performance, and treat the orchid display as completely ephemeral.  

In terms of maintenance plants are observed by the staff and any showing signs of decline are 

replaced with something more suitable. Part of Patrick’s remit is to continually develop the 

palette of plants for display. GB has a team of four climbing arborists who can rappel down the 

feature and carry out the necessary horticultural task. Removal of decaying tissue is done with 

long-handled tools. The feature itself is a concrete structure, finished with an inert paint. It is 

not known the durability of the surface under these permanently damp conditions and 

whether the concrete will start to leach. This is a low priority for concern given that the 

cooling pipes are irretrievably integrated into the concrete walls and floor. Presumably once 

they have exceeded their life span they will all be replaced simultaneously. 

 

Figure 44 Patrick with his 1500-year old Olea europaea transplants 
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Figure 45 Exposed section showing integrated cooling pipes within the floor 

In contrast to Kew the interpretation described global climate change and sustainability issues 

rather than the importance of plants themselves. This was delivered through gigantic audio-

visual displays and an array of signage and interactive features. They described the 

environmental changes over the next hundred years and plotted the year versus the predicted 

rise in temperatures. Global landmarks and well-known places were used as points of 

reference, showing when these would be underwater for instance. It made for a very powerful 

piece of interpretation and catered to its global audience. 

One further interesting horticultural feature was the solution created to cater for temperate 

species requiring winter dormancy, as both the temperature and day length triggers are absent 

in a tropical cooled conservatory. They were growing many species from Mediterranean 

climates including some large specimens of Cunninghamia lanceolata in apparently terminal 

decline. Patrick then explained that a giant refrigeration unit had actually been built on site 

equipped with grow lighting and full environmental controls, so they had the option of lifting 

temperate species and inducing an artificial dormancy or vernalisation. 

A final point to mention is that Patrick oversaw the delivery of two 1500-year old Olea 

europaea that were shipped from the med and into the Marina Bay. They had to clear several 

bridges and then be lifted off with a tower crane. The entire duration of the journey they were 

hand watered. 
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6 Malaysia 

 

Cameron Highlands 

 

Figure 46 Gunung Jasar, Cameron Highlands 

The Cameron Highlands are a holiday resort and centre for horticulture and agriculture. Fruit 

and tea production is a key part of the industry. It is also a popular destination for botanists 

due to the easily accessible trails and high local diversity of orchid species. The focus of my 

trip to the Cameron Highlands was purely to focus on learning the skills necessary for hunting 

and recording cultivation data for species of wild orchids, and learn more about the tropical 

montane conditions. The peaks range between 1500 and 2000m. Learning outcomes are 

described below. 

The first lesson and perhaps most important is that you must refine your search using prior 

knowledge of the species you wish to find. This needs to be done before you go, and I used 

books and floras from the Kew Herbarium and spoke with horticulturists who had visited 

previously in Rogier and Craig. There was no readily available field guide or key that I could 

locate. You then have to reference this with the surrounding vegetation. There were, broadly 

speaking, two distinctive vegetation types necessary for me to observe when looking for 

orchids. One was a heavily forested type with a high proportion of >30m Dipterocarpaceae as a 

component. This is little point in searching for epiphytes here as even if you can see them, you 

can’t get close enough to positively identify or collect images of sufficient quality to enable 

identification later. So here I mainly searched for terrestrials. When looking for terrestrials it is 

tempting to search everywhere for them and go away from the trail. Every terrestrial I found 

presented itself quite obviously, as they need light and little competition. They were often 

located in mossy hummocks or as lithophytes where other species could not grow, and often 

located in a path or clearing. The one glaring omission from my findings was any Corybas 

species, but they may have not been in flower, or I may not have been looking in the right 

place. The second vegetation types was a much lower growing mossy forest, with a high 
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proportion of Ericaceous shrubs of Rhododendron and Vaccinium. A diversity of tree species 

were found along with these, but they were smaller in stature and less dense than the 

Dipterocarp forest. These included Illicium, Garcinia and Lithocarpus. This type often 

occupied the higher altitudes on the ridges and epiphytes were therefore a lot easier to find 

and document. Finally there is little point trying desperately to photograph of a species on 

first sighting. You can record the GPS data and revisit if it is the only one you see. There is a 

high chance there will be another specimen lower down and nearby, possibly on a fallen 

branch. I wasted a lot of time in this endeavour at the start. 

 

Figure 47 Typical scene in the Cameron Highlands 
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Figure 48 Calanthe angustifolia 

 

Figure 49 Ceratostylis eriaeoides 

Data collection takes time. It is simply not feasible to record all information possible for every 

species you identify. If a species is cosmopolitan, there is little point recording specific 

cultivation data for it. GPS is quick and easy to take in conjunction with field notes, but when 

carrying a lot of gear and instruments as I was they must be kept accessible and safe from 

water. Taking light readings around a plant is largely pointless, as it gives you a reading at one 

time on one day. It is much more useful to take hourly temp/hum/light readings. With 

images, the importance of photographic all potential taxonomic details cannot be 

overestimated. If you judge the plant to be worthy of stopping to record as you can’t identify it 

on site then photos of the details e.g. gynostemium; floral morphology need to accompany 

images of the whole plant, habitat and surrounding vegetation. Host tree identification is very 

handy as well. 
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The most important conclusion I drew for cultivation was the constant presence of air 

movement, the need for good aeration and little competition around terrestrials, and the need 

for a good amount of light for flowering. Even when the clouds soaked the environment to 

dew point, the air movement meant that little standing water is ever left on leaves. This is 

contrary to a lot of tropical conservatory cultivation, where much less emphasis is put on air 

movement. 

 

Figure 50 Chelonistele sulphurea 

 

Figure 51 Dendrobium cornutum 
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Wild Orchidaceae seen in the Cameron Highlands. All GPS, habitat and associated biota 

information is available on request [t.freeth@kew.org]. 

 Arundinaria graminea 

 Acriopsis javanica 

 Chelonistele sulphurea 

 Flickingeria bancana 

 Eria oblitterata 

 Nephelaphyllum pulchrum 

 Platanthera angustata 

 Orchipedum plantaginifolium 

 Coelogyne radicosa 

 Dendrobium cornutum 

 Epigenium longipes 

 Ceratostylis eriaeodes 

 Pholidota sp. 

 Bulbophyllum optusipetalum 

 Bulbophyllum tenuifolium 

 Cryptostylis arachnities 

 Dendrochilum linearifolium 

 Calanthe angustifolia 

 Dendrobium sp. 

 Liparis viridicallus 

 Dendrochilum linearifolium 

 Dendrochilum gracile 

 Anoectochilus albolineatus 
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Figure 52 Nephelaphyllum pulchrum flower (l) and leaf (r) 

 

Figure 53 Dendrobium sp. 
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Figure 54 Flickingeria bancana 

4  

Figure 55 Epigenium longipes 
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Figure 56 Platanthera angustata 

 

 

Figure 57 Cryptostylis arachnites 

 


