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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 ongoing process of setting up the nursery site, analyse
data gathered about the species grown and set aims for the year ahead.

Background
‘proteas With Altitude’ is an ongoing research project studying the horticulture of Proteaceae in the
UK. In 2015, an initial expedition was undertaken to study in-situ plants and collect seeds of
Proteaceae, growing at high altitude, in the Western Cape of South Africa. One hundred and fifteen
separate observations covering fifty-five distinct species were made, of which thirty species were
collected as seed. A further collecting trip was made during December 2017 which will be discussed
as part of this report. A full report detailing progress up to the beginning of 2017 can be found in the
2016 annual report.

Nursery Infrastructure
During 2017 several essential pieces of infrastructure were invested in for the nursery. These include
the installation of an electricity supply to the nursery which in turn has allowed the installation of a
weather station at the site. Fans have also been installed inside the Keder greenhouse to increase air
circulation and reduce instances of disease.
Winning the RHS Bursaries report prize during 2015 allowed investment in a Dew-point propagator
which will enable propagation of plants more efficiently from cuttings, this is particularly important
for species with just a single individual in the collection and will give increased security in the form of
back up plants in the event of disease or death of these individuals.
One large piece of infrastructure created at the nursery is a raised trial bed. This 1m x 6m bed has
allowed the trial of many of the high-altitude Proteaceae collections from the 2015 expedition
outside. This will be discussed later in this report.

Budget
During the period April 2017 to April 2018
Outgoings
Dew point propagator
Rent
Sundries
Total Expenditure
Donations
Royal Horticultural Society bursary prize
Plant sales
Total income

£604.98
£480
£2160.29
£3245.24
£240.90
£500
£167.57
£908.47

Personal investment

£2336.77

Germination
From the beginning of the proteas with Altitude project to the end of May 2018 a total of 81 taxa of
the South African Proteaceae have been sown, these included species both endangered and critically
endangered alongside many common species. Of this number a total of 47 taxa are currently alive
and grown at the nursery site alongside many other species acquired as plants or propagated from
cuttings. The total number of South African Proteaceae taxa currently cultivated numbers 96.
During the period from January 2017 through to May 2018 a total of 51 species were sown with a
germination rate of 48.73% for those species where any germination was recorded. Whilst this
figure does show a small improvement (4.26%) on the previous year it has not grown significantly
enough to reflect any major change. Again, many of the more difficult genera experienced little or
no germination and trials will continue with these during the 2018/19 period.
During the same period mortality has dropped from 42.6% to 26.71%, a reduction of 15.89%. The
most notable change during this period was that of moving from black plastic plug trays and 7cm
pots to 4oz food standard white polystyrene pots for pricking out seedlings and subsequent growing
on. The decision to use white polystyrene pots was to maintain a steady temperature at the root
zone an account of which can be found in the 2016 annual report (Blackhall-Miles & Ram, 2016).
The total number of days to first germination has remained similar to that published for 2016 with
between 19 and 30 days being the average. The number of days over which seed has germinated has
also remained similar. At the extremes, however, we have seen results such as that of Leucadendron
rourkei with 12 days to 100% germination, Mimetes arboreus with 214 days to germination and
Protea grandiceps with 90 days between the first and last seed germinating. With the earliest
germination starting after 12 days seed tub checks can safely be started at 10 days from sowing.
Only a very small number of species have taken longer than 50 days to germinate across the whole
of the project and thus it can be ascertain that after this period there is little need to check the seed
tubs on a daily basis. All seed tubs
containing seed of serotinous
fruiting species are removed from
the temperature variable
germination facilities after a
period of 6 months. Non serotious
(myrmecochorous and cache
fruited species) are not removed
until 12 months have passed. All
seedling tubs from the 2015/16
sowings with ungerminated seed
were kept and returned to the
temperature variable facility after
a period of 6 months, however no
further germination was noted.
Figure 1: Seed being soaked before sowing

Figure 2 Box chart showing the number of days to first germination

Figure 3 Box chart showing the number of days over which seed germinated

Cultivation
Seedlings are initially pricked out into individual polystyrene pots into a compost mix of 25% washed
sharp sand, 25% horticultural grit, 25% 5mm pumice and 25% high grade (Melcourt) fine composted
pine bark. Reduced organic matter was chosen for the seedling compost as organic matter can have
elevated levels of Phosphate (Blackhall-Miles & Ram, 2017 A) and can reduce drainage leading to
fungal infection (Duncan et al, 2013). The addition of pumice reduced the weight of the compost and
increased water retention in a way that would not lead to infection or anaerobic conditions at the
root zone. Pumice serves a secondary role in providing mineral nutrients to the seedlings through
the ability of Proteaceae to produce organic carboxylates at the root tip to access nutrients from
rock. A more detailed account of the germination stage can be found in the 2016 annual report –
(Blackhall-Miles & Ram, 2017 B).
During the period from January 2018 to May 2018 ground seaweed meal has been added to the
seedling compost and an increased growth rate has been noted. This observation will require future
study to assess fully.
Seedlings have been initially grown under controlled conditions with a day/night temperature range
of 23°C/13°C with a light level of 1300 lux and a UVA reading of 25 µW/cm² also on a 12-hour
day/night cycle. Air movement was increased over the seedlings using a computer fan with airflow of
28 cubic feet per minute to reduce the risk of damping off. Once the seedlings have produced a
minimum of 2 true leaves they are moved to a cold frame to be hardened off for a period of 1 month
before being transferred to a polytunnel. All pots are kept abutted to one another in this polytunnel,
whose sides were not rolled down past the level of the tops of the pots. This is to reduce the impact
of sunlight heating the root zone (Blackhall-Miles & Ram, 2017 B). As roots were observed at the
drainage holes of the polystyrene seedling containers they were potted on to 1L pots. Plants that
have outgrown 1L pots are moved on to 2L pots, large terracotta clay pots or planted out in trial
beds.
The compost mix used at these stages is the same as that used at pricking out. In addition to this
standard compost mix Dried blood, Iron Sulphate, Potassium Sulphate, Ground seaweed meal and a
proprietary micro nutrient feed are added, at half the packet suggested rate of dosage.
Hand watering has been the only irrigation system employed. This takes place, normally at the end
of the day, first thing in the morning or during cool weather to reduce the potential threat of
phytophthora (Kueh, 2011). Liquid fertilisation applied fortnightly on rotation has taken place
throughout the warmer months with sequestered iron, Iron sulphate, Potassium sulphate, Fulvic
Acid and Magnesium sulphate, again at half the suggested rate of dosage. Many Proteaceae species
are widely known to suffer if supplied Phosphate (P) (Delgado et al, 2014), so at no point has
additional P been applied.

The Plants
The Snowball Protea (Protea cryophila)
Protea cryophila is assessed as Near Threatened (NT) and is found in just 7 isolated subpopulations
in the Cedarberg mountains, of South Africa, in a small, 43 km2 area. Plants are slow to mature and
are sensitive to increased frequency of fire in the wild. This species is potentially threatened by too
frequent fire and the effects of climate change.
Protea cryophila has never been cultivated to maturity and most plants don’t make it past seedling
stage. (Rourke, J.P. 1980)
Having acquired seed during 2016 P. cryophila has been germinated after a cold stratification period
of 173 days. Seedlings were grown on in white, 4oz, polystyrene pots until their first true leaves
were showing. Two plants were potted into large terracotta pots, where they have struggled, and
three plants were sunk directly into larger pots (1ltr terracotta) without being removed from the
white polystyrene seedling pots. A technique being called ‘pot in a pot’. At 12 months from
germination the ‘pot in a pot’ plants have visibly grown more than the others and are showing roots
at the drainage holes. The technique of ‘pot in a pot’ is one used by alpine plant enthusiasts to
simulate the root restriction that occurs when plants grow naturally in rock crevices. This may also
be a valuable aid to avoid over watering. As time goes on it is hoped that development of this
method of growing Protea cryophila will continue to show good results.

Figure 4 Protea cryophila flowers (Photograph: Colin Paterson-Jones) and the ‘pot in a pot’ technique used to cultivate this
species

Kogelberg Silver Pagoda (Mimetes arboreus)
Mimetes arboreus is assessed as Endangered (En) and has a total population of fewer than 1000
individuals. Most of the mature individuals are found in just one sub-population and its population
fluctuates dependant on fire. Its current threats are invasive alien species, too frequent fire and
susceptibility to the pathogen Phytophthora.
Until recently there were no records of this species having been grown from seed and most plants
cultivated are decedents of grafted plants from material originally held by the Scientific Services
dept. of the Western Cape Nature Conservation Board (now CapeNature) and now grown by private
horticulturist Robbie Thomas in South Africa. (Thomas, R. Pers. Coms.)
In 2016 the ‘proteas With Altitude’ project acquired seed from these cultivated plants and 214 days
after sowing them two seedlings germinated. A process of eliasome (a sugary skin that attracts ant
distributors to the seed) and outer seed coat removal alongside gentle cracking of the seed coat had
to take place before sowing the seed. Hydrogen peroxide and smoke water were also used to break
dormancy in the seeds but even with all this only 2 individuals out of 14 germinated. Robbie Thomas
has had limited success with germination of the silver leaved species of Mimetes and to date no
guaranteed way has been found to germinate this species.

Figure 5 Mimetes arboreus inflorescence and our own seedlings at seed leaf stage.

Trials
One of the objectives of the project is to understand the tolerances of members of the Proteaceae
to the UK climate. This will allow us to understand if we are in a better position to conserve the
higher altitude members of the protea family ex-situ than the low altitude botanic gardens of South
Africa. Historically, climate parameters have meant that gardens such as SANBI’s Kirstenbosch have
had little long-term success with high altitude growing species such as Protea stokoei, Protea
rupicola and Protea cryophila. (Hitchcock, pers. coms.)
During 2017 a raised bed was built at the nursery to trial growing a range of South African
Proteaceae species outside in North Wales. The bed was made from new railway sleepers and
contains a compost mix consisting of fine composted bark, sharp sand and flint gravel.
Several plants grown from across the 2015 South African seed collections, as well as species
collected by Rod and Rachel Saunders of Silverhill seeds and a range of species sourced from other
collections and nurseries, were planted out. Alongside the Proteaceae were planted a range of other
fynbos species including Erica spp, Gladiolus spp, Watsonia spp and several Fabaceae spp.
Mice were the first issue faced at this trial site and have been responsible for damage not only
through eating some of the bulb species planted but also their digging has caused problems with
disturbance to plant roots. Whilst this has not caused mortality in any of the Proteaceae species it
has certainly put undue stress on the plants. Measures were put in place to control this problem.
During our December 2017 collecting expedition to South Africa the temperature at the nursery
dropped to -2°C. However, even as late as the end of February, all the plants were looking healthy
excepting Protea neriifolia and Protea acaulos which died (due to either heat stress or root rot)
during the summer of 2017.
At times during the winter of 2017/18 seedlings were completely covered in snow. Two types of
snow affected the trial site over the course of the winter; a heavy fall of powder fell on February 13th
and a second fall of heavy sleet fell on February 27th. During the February 27th snowfall damage was
caused by the weight of the snow bending plants, in some cases almost to the ground, and snapping
branches. However, the biggest challenge faced by the plants was that of the dry (21% humidity),
high winds and the coldest temperatures of the year in combination. The temperature at the nursery
on March 1st at 3.36am dropped to -4.2C and the temperature remained below freezing for the
majority of a 48-hour period, with wind gusting up to 80 mph. During this week temperatures
dropped below freezing every night.

The impact of these conditions on each species is listed below.
Protea cynaroides BMR15027.01.04 – Went red but shows no other ill effects
Protea grandiceps (bought from Penberth plants) – Went red but shows no other ill effects
Leucospermum reflexum SHS (No accession) - dead
Leucadendron spissifolium ssp. spissifolium BMR15010.01.08 - dead
Leucadendron spissifolium ssp. fragrans BMR15075.01.04 – no ill effects
Leucadendron rubrum BMR15057.02.08 - dead
Leucadendron uliginosum ssp. uliginosum BMR15046.01.07 - dead

Protea magnifica RT006.01.16 – no ill effects until warmer temperatures during week beginning 16th
April
Leucadendron gandogeri BMR15090.01.07 – no ill effects
Leucadendron salignum BMR15060.01.13 - dead
Protea punctata BMR15062.01.04 - no ill effects
Protea dracomontana SHS011.01.14 - no ill effects
Protea acaulos BMR15100.02.04 – died in summer 2017
Protea neriifolia BMR15016.01.02 – died in summer 2017
Leucadendron eucalyptifolium BMR15030.01.08 – alive with damage
Leucospermum conocarpodendron RT001.04.01 - dead
Protea mundii SHS (No accession) – alive with damage, died during warmer temperatures during
week beginning 16th April
Mimetes cuculatus (bought from Penberth Plants) – alive with damage
Protea susannae (Bought from Penberth Plants) – alive with damage

Also, during 2017, some of the South African collections and others were planted at the authors’
garden in Llanberis, North Wales. The minimum temperature in the garden dropped to -5.9°C during
the night of 1st March and, whilst the garden is more sheltered from wind than the nursery site, wind
gusting 80mph also affected Llanberis.
Protea stokoei SHS - no ill effects
Protea eximia (bought from Penberth Plants) - no ill effects
Protea subvestita SHS012 - no ill effects
Protea mundii SHS – alive with damage
Protea spissifolium ssp. fragrans BMR15070B.01.11- no ill effects
Protea speciosa BMR – alive with damage
Protea cynaroides BMR 15027.01.03 - no ill effects
Protea dracomontana SHS011 - no ill effects
Protea acaulos BMR15100.02.03 - no ill effects
Protea venusta SHS – no ill effects
Leucadendron gandogeri BMR15108.02.02 – alive with damage, killed during warmer temperatures
during week beginning 16th April
Other notable deaths and successes from plants already growing in the Llanberis garden
Aulax umbellata SHS – dead

Protea aurea (Penberth Plants) – alive with damage
Protea longifolia (Penberth Plants) – alive with damage
Leucadendron strobalinum (Penberth Plants) – alive with damage, subsequently died in warm
weather (bark split)
Leucadendron gandogeri (Penberth Plants) – no ill effects
Leucadendron conicum (Penberth Plants) – alive with damage, deteriorated during warmer
temperatures during week beginning 16th April, died bark split
Leucadendron eucalyptifolium (Penberth Plants) – dead
Protea cynaroides ‘Little prince’ (Plantbase) – completely defoliated, did not resprout for 5 months,
declared dead.
Leucadendron laureolum (Penberth Plants) – dead (pruned too hard and winter finished it off)
The impacts of the weather conditions during winter 2016/17 have been noted and provide good
information of the cold tolerance of many of the species trialled.

Figure 6: Proteaceae trials bed covered in snow 7th February 2018.

Distribution of Plants to other Collections
Plants from the collection have been distributed to other botanic gardens and public collections
under a loan arrangement within strict material transfer protocols. The distribution of this material
serves two purposes; that of the long-term security for our collection and that of better
understanding of the climatic tolerances of species.
Logan Botanic Gardens, part of the Royal Botanic Garden, Edinburgh, received plants of Protea
mundii, P. neriifolia, P.speciosa and Leucadendron laureolum.
The Royal Horticultural Society garden, Wisley, received plants of Protea magnifica, Leucadendron
strobalinum, L. spissifolium ssp. spissifolium, L. spissifolium ssp. fragrans, L. gandogeri, L. rubrum and
L. salignum.
The Royal Botanic Gardens, Kew, received plants of Protea magnifica, Leucospermum
conocarpadendron ssp. conocarpadendron, Leucadendron strobalinum, L. spissifolium ssp.
spissifolium, L. spissifolium ssp. fragrans, L. gandogeri, L. rubrum, L. eucalyptifolium and L. salignum.
An annual questionnaire will be sent to these collections to assess the climatic tolerance of these
plants and to assist us in understanding their cultivation requirements.

Figure 7: Matthew Pottage Curator, RHS Wisley and Richard Baines, Curator, RBGE Logan Botanic Garden receiving plants.

How is ‘proteas With Altitude’ assisting the Ex-Situ Conservation of
South Africa’s Proteaceae?
During 2017 an analysis was undertaken to understand the projects position and role in the ex-situ
conservation of South Africa’s Proteaceae. One area looked at was where the project was cultivating
species that other botanic gardens were not. The results showed that ‘proteas with Altitude’
cultivates 28 species of South African Proteaceae that are held in fewer than 5 ex-situ collections
(including seedbanks) worldwide and 6 species that are held in 2 or fewer ex-situ collections
(including seedbanks) worldwide. The project also currently holds the 6th largest documented
collection of South African Proteaceae worldwide. (PlantSearch, 2017.)
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Through accurately maintaining records on Botanic Gardens Conservation International’s (BGCI)
PlantSearch database it can be ensured that the plants grown count towards the Global Strategy for
Plant Conservation (GSPC) Target 8; At least 75 per cent of threatened plant species in ex situ
collections, preferably in the country of origin, and at least 20 per cent available for recovery and
restoration programmes (CBD. 2012) and the South African Strategy for Plant Conservation Target 8;
At least 60% of threatened plants in ex situ collections, preferably in the country of origin, and
available for recovery (restoration) programmes, with 1% in active reintroduction programmes
(Raimondo, D. (ED.) 2015).
The IUCN’s Technical Guidelines on the Management of Ex-situ Populations for Conservation states
that ‘Ex situ conservation should be initiated only when an understanding of the target taxon's
biology and ex situ management and storage needs are at a level where there is a reasonable
probability that successful enhancement of species conservation can be achieved; or where the

development of such protocols could be achieved within the time frame of the taxon's required
conservation management, ideally before the taxa becomes threatened in the wild. Ex situ
institutions are strongly urged to develop ex situ protocols prior to any forthcoming ex situ
management.
For those threatened taxa for which husbandry and/or cultivation protocols do not exist, surrogates
of closely related taxa can serve important functions, for example in research and the development
of protocols, conservation biology research……’ (IUCN Species Survival Commission, 2014,)
The cultivation protocols being developed by ‘proteas with Altitude’ for South Africa’s higher
altitude Proteaceae are underpinned by this statement. In March 2018 the first cultivation protocol
for a member of the Proteaceae grown at the nursery (Orites myrtoideus from Chile) was produced
and accepted for publication. In time similar protocols will be produced across the wide range of
Proteaceae taxa being cultivated.

Seed-bank
Alongside the living collection of South African Proteaceae we are in the process of developing our
own seed bank. We currently hold 103 taxa of South Africa’s Proteaceae species as seed which is
equivalent to 26.68% of the total number of South Africa’s protea taxa.

Analysis of South African Proteaceae Species Held Ex-Situ
Before embarking on the December 2017 collecting expedition to South Africa a gap analysis of
South African Proteaceae in documented ex-situ collections (both seed banks and living collections)
was conducted to inform the priorities for the trip.
Regarding this analysis, broadly speaking, the genus of most concern is Sorocephalus. The following
graph shows a break down by genus of what proportion of the taxa in the genus are in ex-situ
collections, including both seed banks and living collections:

For the small genus of Sorocephalus, currently just two species out of 11 are being conserved ex-situ.
This is also worrying because Sorocephalus has 5 species which are Endangered and 4 which are
Critically Endangered. These are unassuming plants which are often difficult to find in the field even

when they are in flower and often grow at high altitude. The following graph shows a similar
breakdown by genus but this time using actual number of taxa split by 'In Ex-situ' (blue) and 'Not in
Ex-Situ' (red), ordered by the latter.

Leucadendron is the largest genus in the family and has the most number of species not in ex-situ
collections (both living and as seed).
If it is considered that GSPC Target 8 prioritises threatened taxa, the following graph, showing which
genera have the largest proportion of endangered/critical taxa not in ex-situ and again points at
Sorocephalus needing some attention.

Mimetes and Spatalla were also highlighted in the gap analysis and are interesting, since although it
would be worth collecting seed of these endangered taxa, they, along with Sorocephalus, suffer
inconsistent (almost non-existent for some taxa) germination of their seed and troubled subsequent
cultivation on their own roots, as opposed to being grafted (Thomas pers. coms.). This means that
some work would be needed to avoid destroying batches of precious seed in viability tests as these
species do not react in the same manner as other Proteaceae genera and have complicated dormancy
breaking processes - our work in the creation of cultivation protocols aims to understand and
document these mechanisms. (PlantSearch, 2017.)

Second South Africa expedition
A second visit to the Western Cape of South Africa during the Southern Hemisphere summer allowed
observations of 69 species of Proteaceae in situ and collections of seed of 43 species to be made, 16
being new to the project and 6 being new to cultivation altogether. In this respect the aims for this
trip were more than met. As before, germination of these seeds will take some time and is now
underway. More seed of Mimetes pauciflorus and seed of 5 species of Spatalla were collected. It is
the germination process which can be the hurdle that, for some species, means that they are not
currently cultivated from seed. Spatalla nubicola was one of these species and one of the main targets
for this trip. The timing of the trip allowed the collection of plenty of good seed of this species. It is
now necessary to try to figure out its cultivation requirements.
The trip was also timed well for collecting seed of Leucospermum winteri, a species not held ex-situ
until the collection of it on this expedition. Leucadendron rourkei was another species lacking from
cultivation. John Rourke, its namesake, described this species as “the ugliest, most scruffy species in
the genus”. This it might be, however with a small distribution and a fairly high altitudinal range, it
was a target species for us. In total, during the month of December 2018, 18 peaks were climbed and
explored. A multitude of new areas were also explored including the Kammanassie and
Riviersonderend. It was in the Riviersonderend that a new population of Gladiolus rhodanthus was
discovered extending the range of this species by a whole mountain range. It was previously only
known from one location.
One of the species seen in abundance in the Kammanassie was Protea rupicola, an endangered species
it had been hoped would be collected for the MSBP. Unfortunately, permits were not issued to collect
endangered or critically endangered species and it was disappointing to see species that should be
conserved in a seed bank and not to be permitted to collect seed of them. Species such as this and
Protea venusta are threatened due to the impacts of climate change and this is an issue encountered
throughout the expedition. The effects of climate change were not the only environmental issues
encountered and seeing this at first hand only led to affirmation that the ex-situ conservation of these
unique plants was important. South Africa has chosen to conserve its plant diversity through banking
seed at the MSB. The work of ‘proteas with Altitude’ supports the effort to conserve 60% of South
Africa’s threatened plant species ex-situ by formulating the horticultural protocols needed to restore
the high altitude Proteaceae to the wild.

Mimetes, Serruria and Vexatorella
Based on the data from the gap analysis it was deemed important to bring into cultivation some of
the members of the genera Mimetes, Serruria and Vexatorella. Through contacts in South Africa, the
assistance of Stellenbosch University Botanic Gardens, who assisted with getting the required
permits and phytosanitary certificates, and the UK Animal and Plant Health Agency (APHA) several
species of Mimetes, Serruria and a single species of Vexatorella (Vexatorella alpina) have been
imported to the nursery.

Leucadendron
Another group that the gap analysis prioritised is the genus Leucadendron; the cone bushes. During
2016 and 2017 numerous Leucadendron species have brought into cultivation with notable species
being Leucadendron dregei (acquired from Silverhill seeds) and L. radiatum (also from Silverhill). The
2017 expedition also allowed us to collect a further 6 species of which 2 have never been cultivated
before.

Conclusion
Future Plans
A new irrigation system is of importance over the coming 12 months. A drip irrigation system with
fertigation facilities for mature plants in the Keder greenhouse needs to be installed alongside the
installation of a water supply nearer to the nursery site. A new trial bed for Proteaceae is also
planned. A sand bed and cold-frame for the cultivation of dwarf bearded and Oncocyclus Iris, sales
of which assist with the finance of the site, will also be installed. We will also be looking to increase
our range of bearded iris to secure longer term financial security for the wider project.
Sowing of seed will continue during the Autumn and Spring of 2018/19, with emphasis on the genera
Spatalla and Mimetes. Propagation for the Banksia National Collection will continue to provide a
back up to existing plants and bring new species, cultivars and varieties into the collection as well as
make plants available for sale adding to the financial stability of the nursery. Additional Australasian
Proteaceae species will also be propagated, with emphasis on species not in UK cultivation and those
threatened in their wild habitat.
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