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Abstract 
This report aims to show how the ‘proteas With Altitude’ project has progressed over the past 12 

months. It is an opportunity to review the process of setting up the nursery site, analyse data 

gathered about the species grown and set aims for the year ahead.  

Background 

In 2015, the RHS, Scottish Rock Garden Club, Stellenbosch University Botanical Gardens and the 

Western Cape Nature Conservation Board (Cape Nature), supported an expedition to study the 

habitat and growing conditions, as well as to collect seed, of the high altitude Proteaceae in the 

Western Cape of South Africa. The expedition collected seed of 31 species as the first stage in a long-

term project attempting to gain information on the horticultural requirements of these species from 

germination through to maturity, to inform future ex-situ conservation through garden cultivation.  

Nursery Setup 
Having secured the long-term rental of a small area of land within a secure compound, a research 
nursery has been set up, to study the horticultural requirements of the species collected in South 
Africa. The nursery also includes propagation facilities for the NCCPG (Plant Heritage) National 
Collection of South Eastern Australian Banksia Species, as well as a site for the cultivation of several 
internationally threatened species. 

The site was levelled, using additional aggregates where necessary. A ‘Mypex’ weed-proof 

membrane was laid and a wire fence provides protection against browsing by rabbits. Water and 

Electricity still need to be installed but the main infrastructure is in place and functioning as 

intended. 

A Keder greenhouse, capable of withstanding strong winds while providing good airflow, is now in 

place. An area of hard standing for potted plants and a raised bed allow for the planting out of more 

mature plants. These mother plants can then be used as a source of vegetative propagation material 

for distribution to other botanical institutions or potentially re-introduction, should it be required. 

Informal agreements with Kew, RHS Garden Wisley, Westonbirt Arboretum and the National Trust 

have been initiated. This will allow the horticulture of these plants to be studied in a variety of 

climates and thus help to meet ‘Target 8’ of the GSPC (Global Strategy for Plant Conservation), with 

species not currently in cultivation. 

The species of Proteaceae involved take between 5 and 15 years to reach reproductive maturity and 
as such the nursery will develop alongside the long-term requirements of the plants. This will allow 
the nursery to be used for the study of other species of high altitude Proteaceae, as new seed 
collections are made and room allows. The site also allows for the propagation of a range of other 
plants, the sale of which will help to secure the future funding of the project. Plant sales have also 
assisted funding the ex-situ conservation efforts to propagate and eventually reintroduce to the wild 
the endangered Iris lortetii, in association with Tel-Aviv University Botanic Gardens. 
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Budget 
Projected breakdown of expenditure: 

Keder Greenhouse (inc. delivery, construction, staging, ventilation):  £6408.68 

Greenhouse extra door:       £480 

Rabbit proof fencing:        £160 

Polycarbonate Sheets x 5 (2500mm x 1050mm) :   £167 

Mypex Weed-proof Membrane:       £130 

8 tons of Sand:        £320 

4000L of Melcourt Bark:       £150 

Raised bed construction (4 beds of 8m x 1m x 0.5m):    £360 

Sundries (Hose, watering can, pots etc):      £250 

Shed (6ft by 4ft):       £300 

          _____________ 

Total Start-up expenditure:        £8725.68 

Actual Breakdown of expenditure: 

Keder Greenhouse (inc. delivery, construction, staging, ventilation):  £6408.68 

Greenhouse extra door:       £480 

Rabbit proof fencing:        £160 

Mypex Weed-proof Membrane:       £210 

16 tons aggregates:       £640 

4800L of Melcourt Bark:       £150 

Raised bed construction (1 of 8m x 1m x 0.5m):     £230 

Sundries (Hose, watering can, pots etc):      £450 

Shed (8ft by 6ft):       £689 

Sundries (screws, fittings, paint etc)     £200 

http://www.diy.com/departments/clear-mutilwall-polycarbonate-roofing-sheet-2500mm-x-1050mm-pack-of-5/1233797_BQ.prd


Weather station        £99.95 

Skip Hire        £220 

Mini digger hire        £216 

Labour         £140 

          _____________ 

Total Start-up expenditure:        £10293.63 

Rent:           £480 per annum 

Total Funding: 

Crowdfunding project attracting 64 pledges     £2600 

Plant Heritage Brother Bursary       £200  

Private bequest         £5000 

Stanley Smith Horticultural Trust Grant      £2500 

 Total funding received       £10300 

 

The Plants 

The site already houses a considerable number of 

Proteaceae species including several species of 

international conservation concern. The wild seed 

collection contains species listed as Vulnerable on the 

South African Red list of Plants 

(http://redlist.sanbi.org/index.php). Some of these are 

not currently in cultivation and others only in South 

Africa. Seed has also been both gifted and purchased of 

Endangered and Critically Endangered species. South 

Africa’s large floral diversity means that it is difficult for 

the country to meet Target 8 of the GSPC (Raimondo, D. 

(ed.) 2015.) and as such the country is looking to seed 

banking to meet this target. Living plants maintained in 

ex-situ collections and made available for restoration 

form an additional resource to the seed store. A 

knowledge of the germination requirements of difficult 

species is also important to the seed banking process and 

Protea stokoei 



as such the understanding gained from this research may be of future benefit to conservation.  

The genus Mimetes is considered one such difficult group of plants. Seed collections were made of 

M. pauciflorus; a species currently not in any ex-situ collection. Threatened by climate change, non-

native invasive species and water shortages, this is a species little understood in cultivation. Of the 

ten seeds sown of this species, three seeds have germinated, two of which died soon after. The 

remaining one plant is now a couple of inches tall. 

Four seeds of Protea cryophylla; a vulnerable species (previously endangered) from high altitude in 

the Cedarberg mountains, have germinated and now each have a few ‘true-leaves’. While this 

species has been germinated successfully before, it has never been grown to flowering size. The 

nursery is also growing on small plants of Protea stokoei (EN), a similarly slow growing species. 

Stellenbosch Botanic Gardens have assisted in the importation to the UK of grafted plants of 

Mimetes arboreus (Endangered), M. chrysanthus (Vulnerable), M. hirtus (Vulnerable) and M. 

splendidus (Endangered). Grafting these onto Leucospermum conocarpodendron rootstocks allows 

them to better survive cultivation in South Africa. L. conocarpodendron is not considered frost hardy 

in the UK, since it grows at comparatively low altitudes in South Africa. However, it is planned to 

eventually graft material from these onto L. cuneiforme; a potentially more amiable rootstock for 

the UK climate. 

Germination 
An understanding that Proteaceae seed germination is often triggered by the chemicals found in 

smoke and day/night swings in temperature (N.C.A. Brown, 1993) means that it was important to 

standardise the way in which seed is sown and the conditions under which it is kept during the 

germination period. 

A 15 °C day/night temperature variance has been achieved by modifying a refrigerator so that the 

cooling element, set to 5.5 °C, is activated for 12 hours of a 24-hour period and a heating element 

controlled by a thermostat, set to 25.5 °C, is activated for the second 12-hour period.  This type of 

facility, successfully in use by South African horticulturist Robbie Thomas, allows for the simulation 

of day/night temperature swings, which has been shown to be one of the factors to trigger 

germination (G. J. Brits, 1986). Seed was soaked for 24 hours in a smoke water solution prior to 

sowing. The concentrate for this solution, created by pumping the smoke from burning Fynbos 

vegetation through water, was diluted at 1 part smoke concentrate to 200 parts tap water (smoke 

disks to achieve the same effect are available as an alternative option). Each batch of 10 seeds was 

sown into a plastic tub, with no drainage, containing 150 grams of moistened, well composted, fine 

bark. It was then sealed and labelled before being placed into the refrigerator (Mimetes and 

Leucospermum seed were treated differently and the method of treatment will be covered in a 

future report). 

Individual seed batches containing 10 seeds where given a unique identifying number which consist 

of the accession number allocated to it upon acquisition i.e. BMR15110.01 

BMR = the seed source (in this instance a wild seed collection made by Blackhall-Miles/Ram) 

15 = year of collection 

110 = accession 

.01 = batch number 



Germinating seeds were pricked out at the stage of showing a full radicle and allowed to continue 

the germination process under artificial light in modular seedling trays. This reduces the need to 

disturb the roots of seedlings. 

Upon germination, each seedling is allocated a unique identifier consisting of its accession number, 

batch number and the order in which it germinated i.e. BMR15110.01.01, BMR15110.01.02 and so 

forth. These unique identifiers allow for the progress of individual plants to be tracked and help to 

build a population of distinct genotypes in cultivation. 

A database of sowing and germination has been developed to allow for analysis of stored data. 

This process of germinating seed forms the initial stages of the project. Artificial lighting indoors 

allows for the growing-on of germinated seed in a protected environment until the first set of true 

leaves appear. Seedlings are then moved to a frost-free cold frame outside, to harden off, before 

they are then moved to the nursery’s Keder Greenhouse. 

The germination method is giving good results yet there is still room for improvement. Among the 

61 batches of seed sown to date, a germination rate of 44.47% has been achieved. Where there has 

been poor germination it seems that the whole batch of seed sown has been poor and may be due 

to a lack of viability of the seed; Proteaceae have a strategy of producing considerably more seed 

than required as in the wild there is a high level of predation from insects and small mammals (J.H.  

Coetzee and J.H.  Giliomee, 1987.). In total 22 of 61 batches of seed sown have not yet germinated. 

Another factor that may affect germination could be keeping the seed too moist while in the 

modified refrigerator and in some instances seed deterioration was due to fungus. Microwaving the 

sowing medium may help to alleviate this (P. J. Mustart and R. M. Cowling 1993). 

Most batches in which any germination occurred, started within a period of between 14 and 51 days 

after sowing, with one exception. However, germination of a batch mostly starts within a period of 

19 to 31.5 days from sowing. This information effectively means that after a period of about 60 days, 

if no germination has occurred in a batch, then it is not likely that any germination will be seen in 

that batch and the space in the modified fridge can be made available to new sowings. ‘Failed’ 

batches are not disposed of for species with low stock of seed or that are threatened, merely 

removed from the modified fridge. The exception to this germination period was with Protea 

cryophylla, which started germinating at 173 days from sowing. More seed of P. cryophylla has been 

acquired to study its germination more accurately.  

 

Figure 1: Box chart showing the number of days to first germination 

The period over which seed germinates from the time of first germination was also studied. The 

process is very rapid with most germination occurring over a period of up to a week or two and with 



a maximum of 38 days from first to last germination. Last germination is considered the most recent 

date that a seed has germinated from a batch, even if not all the seeds from the batch have 

germinated.  

 

Figure 2: Box chart showing the number of days over which seed germinated 

 

No correlation has been observed between germination rate and the number of days it has taken for 

germination to take place. 

Challenges  

One of the major challenges faced has been seedling mortality, with a death rate of 42.6%. 

This does not reflect that of wild Proteaceae; 7% during the harsh South African summer months 
(J.J.Midgley, 2010).  

Defined periods of mortality over the course of the summer were observed and one stands out. In 

the few weeks following a heatwave on July 19th 2016, a significant number of deaths took place. It 

was on this day that a local weather station recorded 31.4°C. 

 

Figure 3 Weather data for summer 2016 showing temperature spike on July 19th 

 

Seedlings in plug trays and larger seedlings in 7cm pots at the front of the (south facing) cold frame 

died first, with mortality decreasing toward the back of the frame. This has led to a question 



regarding the temperatures the root systems must have faced in the black plastic seed trays and 

black 7cm pots in full sun on July 19th and what effect this may have had on the plant roots.  

Investigation showed a reduced root system due to death of the root and subsequent rotting, they 

also withered quite quickly showing signs of drought stress even though the compost was evenly 

moist. On investigation soil temperatures in black plastic reaching upwards of 34.5°C at the edges of 

the pots were found.  

A hypothesis was formed that the larger plants in 7cm pots had roots at the edges of the pots while 

the smaller plants had root in the middle where the temperature was cooler. The plugs at the front 

of the plug trays were most affected due to the reduced mass of compost in each plug and 

subsequent high temperature throughout each plug, with the warmest plugs being nearer the front 

where the black edge of the tray was in full sun. 

To confirm this a simple experiment was conducted to understand how temperature affects soil in 

pots of different colours and materials when placed in full sun. Day 1 of the experiment took place 

on 14th September (the day of the third extreme temperature spike in Figure 3) when the maximum 

air temperature recorded was 26.1°C and a (ground) soil temperature of 16.2°C was recorded. The 

second day was slightly cooler but still sunny. 

Pot colour and 
material  

Temperature at 
middle of pot on day 1 
(°C) 

Temperature at side of 
pot day 1 (°C) 

Temperature at side 
of pot day 2 (°C) 

Black Plastic  26.4 41.7 38.5 

Orange Plastic 26.5 35.3 30.6 

Cream Plastic 26.5 35.9 30.6 

Green plastic 26.7 38.2 33.0 

Clay Terracotta pot 26.4 32.2 27.0 

‘Air Pot’ System 27.4 37.0 32.3 
Figure 4: soil temperatures of different pot colours and types 

Temperature at the edge and the centre in different sizes of black plastic pot was also observed. 

Pot size Temperature at middle 
of pot on day 1 (°C) 

Temperature at side 
of pot day 1 (°C) 

Temperature at side 
of pot day 2 (°C) 

7cm 28.5 40.2 36.7 

1ltr 28.2 40.1 36.2 

2ltr 26.4 41.7 38.5 
Figure 5: Temperature data from differing pot sizes 

 
 



 

 
Figure 6 a range of pots evenly spaced in a site exposed to full sun in order to understand the temperature potential of each 

colour and size of pot.. 

 
 
 
 
The results of this simple test indicate that the black pot was the hottest (as expected) closely 
followed by green and the black ‘Air Pot’. The Clay ‘Terracotta’ pot was coolest by far. The central 
area of compost across all the pots maintained a similar temperature that of the air temperature 
and only varied by a matter of a few degrees. 
Having analysed the results of these trials some modifications to the procedure of pricking out and 
subsequent care of the plants have been made. These include pricking seedlings out into 4oz white 
polystyrene pots which will insulate the seedlings and reflect the heat. Using terracotta plant pots 
for mature plants will mitigate any negative effects of heat for important mother plants. An 
alternative is being sought for the mid-sized pots. Sowing seed during the autumn and winter 
months, so as not to expose fragile seedlings to the unpredictable nature of summer temperatures, 
is also advisable. A shade net will be utilised where small seedlings are grown during the summer 
month.  
 

 

 
 

 

 

 

 



Species of South African Proteaceae sown to date 
 

Key to accessions –  BMR = Blackhall-Miles/Ram 

   SHS = Silverhill Seeds 

   FBP =Fine Bush People 

   RT = Robbie Thomas 

   PWS – Plant World Seeds 

 

 

Species 
National Red list 
status Batch Code 

Leucadendron album LC FBP003.01 

Leucadendron album LC BMR15056.01 

Leucadendron album LC BMR15037.01 

Leucadendron eucalyptifolium LC BMR15039.01 

Leucadendron gandogeri LC BMR15108.01 

Leucadendron rubrum LC FBP002.01 

Leucospermum glabrum EN SHS007.01 

Paranomus reflexus EN SHS008.01 

Protea acaulos LC BMR15100.01 

Protea compacta NT FBP001.01 

Protea crypophila NT SHS009.01 

Protea montana VU BMR15051.01 

Protea neriifolia LC BMR15036.01 

Protea nitida LC BMR15023.01 

Spatalla nubicola VU BMR15028.01 

Spatalla setacea LC BMR15112.01 

Protea decurrens EN SHS002.01 

Protea humiflora LC SHS001.01 

Leucospermum conocarpadendron NT RT001.01 

Protea canaliculata LC BMR15059.01 

Protea repens LC BMR15065.01 

Protea roupelliae LC SHS006.01 

Mimetes chrysanthus VU PWS001.01 

Protea cordata LC BMR15024.01 

Protea crypophila NT SHS005.01 

Protea eximia LC BMR15038.01 

Leucadendron spissifolium subsp. 
spissifolium 

LC 
BMR15099.01 

Protea eximia LC BMR15061 

Protea scolymocephala VU SHS004.01 

Leucadendron conicum NT BMR15042.01 



Leucadendron gandogeri LC BMR15108.02 

Mimetes pauciflorus 
VU 

BMR15043.01 

Protea aurea ssp. aurea LC BMR15032.02 

Leucadendron spissifolium subsp. 
spissifolium 

LC 
BMR15010.01 

Leucadendron spissifolium subsp. 
spissifolium 

LC 
BMR15033.01 

Protea aurea ssp. aurea LC BMR15032.01 

Protea cynaroides LC BMR15027.01 

Protea dracomontana LC SHS011.01 

Protea acaulos 
LC 

BMR15100.02 

Leucadendron rubrum 
LC 

BMR15057.01 

Leucadendron salignum LC BMR15060.01 

Leucadendron uliginosum LC BMR15046.01 

Protea neriifolia LC BMR15016.01 

Protea amplexicaulis LC RT003.01 

Protea sulphurea LC SHS003.01 

Leucadendron nervosum NT SHS010.01 

Protea subvestita LC SHS012.01 

Leucadendron eucalyptifolium LC BMR15030.01 

Leucadendron spissifolium subsp. 
fragrans 

LC 
BMR15075.01 

Protea grandiceps NT BMR15026.01 

Protea speciosa v. hottentoticus LC BMR15114.01 

   

   

 
 

 

   

   

 
 

 

 

 

 

 

 

 



Conclusion 
It is now a full 12 months since the collecting expedition to South Africa and since the concept of the 

plant conservation research nursery was formed. The nursery is already meeting the purpose it was 

meant for and is producing some very interesting data regarding these flagship South African 

species. As time goes on it will assist in discovering a lot more about the cultivation of the enigmatic 

protea family in the UK. 

Future Plans 
The climate tolerance parameters of the plants will be more accurately measured using data from 

the installation of an on-site weather station. An electricity supply will be needed to allow for a 

computer to be housed onsite and for data from the weather station to be stored.  

There are also plans to construct a drip irrigation system for mature plants as well as a new sand bed 

cold-frame for the cultivation of dwarf bearded and Oncocyclus Iris.  

Sowing of seed will continue, with emphasis on the genera Spatalla and Mimetes. Propagation for 

the Banksia National Collection will continue to provide a back up to existing plants. Additional 

Australasian Proteaceae species will also be propagated, with emphasis on species not in UK 

cultivation and those threatened in their wild habitat. 

An event is being organised that will, alongside plant sales, help to secure future funding for the 

project.  

Thanks 
The whole project would not have been possible without the help of the 64 backers of the 

crowdfunding project, the Stanley Smith (UK) Horticultural Trust, a generous private donation and a 

bursary, via Plant Heritage, from Brother UK Ltd.  

Special thanks to Kate Garnett and family, Martin Smit (Stellenbosch University Botanic Gardens), 

Cherise Viljoen (Kirstenbosch), Rupert Koopman, Robbie Thomas, Rachel Saunders (Silverhill Seeds), 

Cape Nature, The RHS, The Scottish Rock Garden Club and the horticultural team at The Royal 

Botanic Gardens, Kew. 
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