Planning a guided tour on plants and climate change

Botanic gardens with their amazing collections of plants are perfect locations for communicating about plants and climate change.   Below we highlight the stories of nine plants that gardens could use to develop a guided tour around this topic.  For practical guidelines on how to develop an effective guided tour take a look at the excellent publication ‘Making your garden COME ALIVE!’ which can be downloaded free from www.bgci.org/education/making_your_garden_come_a/ 
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Poison ivy (Toxicodendron radicans)
Poison ivy is widely distributed and abundant in North America and also occurs in Central America, parts of Asia, Bermuda and the Bahamas.  It has been introduced in Europe, South Africa and Australia and New Zealand, where it has become invasive.  In the US, contact with poison ivy is one of the most widely reported ailments at poison centres – approximately 80% of humans develop dermatitis upon exposure to the active allergenic compound, urushiol.
A six-year study at Duke University in the USA showed that increased CO2 in an intact forest ecosystem increases photosynthesis, water use efficiency, growth and population biomass of poison ivy and that the CO2 growth stimulation exceeds that of most other woody species.  Additionally, under higher CO2 the plants produced a more allergenic form of urushiol 
This study thus indicates that poison ivy will become both more abundant and more toxic in the future and adds to studies indicating that rising CO2 may be responsible for the increased vine abundance that is inhibiting forest regeneration and increasing tree mortality around the world, with implications for long term carbon storage in old growth forests.


	2
Water hyacinth ( Eichhornia crassipes)
The water hyacinth (Eichhornia crassipes) originates from the Amazon but now threatens native biodiversity globally.  Its growth rate is among the highest of any plant known; the species is able to double its mass in 12 days and can grow faster than it can be cleared.  These species form dense mats that cover thousands of hectares, preventing sunlight and water from getting into the water and choking out other species.  This results in a loss of livelihood (fishing), decrease in available water and even a threat to power generation.  The Akosombo Dam in Ghana is under serious threat from the water hyacinth.  It is highly likely that climate change will increase the rate of growth of invasive species.  
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Blackcurrants (Ribus nigrum)
Blackcurrants need a heavy frost to ensure their buds break evenly to produce an even ripeness in the fruit.  Increasingly mild winters in England have led to a steep decline in in blackcurrent harvests, fruit quality and juice yields.  Two traditional varieties are expected to die out within 10 years due to climate change.
Several new varieties of the fruit have been developed that are more resistant to changing climate, but it takes roughly 16 years to develop a new strain and it will take several years for the new varieties to bear fruit.
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Blue bells (Hyacinthoides non-scripta)
The bluebell is a bulbous spring flowering plant that is popularly thought of as Britain's national flower.  Its fragrant bell-shaped flowers stand upright when they are in bud, but hang downwards when fully open.  When growing en masse in woodlands they create a beautiful haze of blue colour.  Although the bluebell is widespread in Britain, it is globally threatened, and British populations represent 25-49% of the world's total.
During periods of cold weather, spring flowers such as bluebells have already started the process of growth by preparing leaves and flowers in underground bulbs in summer and autumn.  They are then able to grow in the cold of winter or early spring by using these resources stored in their bulb.  Other species - such as cow parsley (Anthriscus sylvestris) or dandelions (Taraxacum officinale) are more temperature dependent, and require warm weather before they are able to germinate and grow.  With the warmer springs induced by climate change, bluebells will lose their 'early start' advantage, and be outcompeted by temperature sensitive plants that start growing earlier than in the past.
To exacerbate the problem for Hyacinthoides non-scripta, the Spanish bluebell Hyacinthoides hispanica is more vigorous than the native species and proving able to outcompete the native species.  H.hispanica also readily crosses with H.non-scripta, producing a fully fertile hybrid; H.hispanica x non-scripta, further threatening the genetic integrity of the indigenous species.
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Beech trees (Fagus sylvatica)

Beech is one of the most important native broadleaved tree species in Britain, for recreation, wildlife, shelter and timber. It is also sensitive to climatic and other factors which cause crown thinning. Since the 1970s, concern has been expressed in Europe over the general state of tree health. Initially, it was suggested that there was a new kind of forest decline caused by air pollution, but climatic and other factors are clearly involved. This concern led to the establishment of annual surveys of tree health both in the UK and across Europe. The thinning of tree crowns has become accepted as the most useful single indicator of tree health

In southern Britain, drought is a major cause of annual differences in crown density, especially on beech, where drought is often accompanied or followed by heavy seed production (mast years) dieback and small leaves.  Dry summers may impair the development of roots and buds and also increase the intensity of seed production the following year which cause crown thinning. There is also evidence that beech is less able to control water loss from its leaves than species such as oak
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Oak trees (Quercus spp.)

The genus Quercus has over 500 species mainly in the northern hemisphere, with the greatest species diversity in Mexico, followed by China. Oaks are of great symbolic value and of global ecological and economic importance. In the USA for example 50 oak species are represented in two thirds of the eastern North American forest cover types and dominate 68% of hardwood forests. A recent assessment of the genus using the IUCN Red List Categories and Criteria recorded 78 species of global conservation concern.

Oaks are usually considered to be favoured by relatively warm and dry climates and paleoclimatologists use abundant fossil oak pollens as an indicator of this type of climate. Various studies have been published or are underway on the impact of climate change on the distribution of oak species

Kew has lost about 40 trees in the last four years because of infestation by thousands of oak pinhole borers, a beetle larvae which have been spreading undetected since the droughts originally weakened the plants' natural defences.  A 150-year-old Hungarian oak, one of the oldest and biggest trees at Kew, had to be cut down after suddenly succumbing to the pest. When it was cut open it was "riddled" with the larvae.  According to Nigel Taylor, Curator of the Living Collections at Kew ‘…mature oaks have been dying in increasing numbers around the country over the last few years as a consequence of the droughts.’
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Banana (Musa spp.)

Bananas are a staple food for millions of people.  Yet most bananas we eat today come from just one cultivar and this has been bred to contain no seeds.  Relying on one cultivar is risky as whole plantations could be wiped out by pest or disease – this has happened once already in the 1950s when the Gros Michel banana was wiped out by the Panama fungus and the Cavendish banana replaced it.
Wild bananas grow in the humid tropics.  Their genes are invaluable as they can be crossed with cultivars to create pest or disease-resistant bananas.  While the impacts of climate change on tropical forests are dwarfed by the human impacts of deforestation and forest degradation, climate change is still a threat to their survival.  In terms of climate mitigation impacts, studies have shown that conservation efforts should particularly be focused on ancient old growth forests, as these store significantly more carbon than young forests.  Though young, fast growing forests soak up carbon quickly, old growth forests store substantially more carbon in soils and continue to ‘inhale’ carbon even when growth has slowed.
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Sphagnum moss (Sphagnum spp)

Sphagnum is a genus of between 151-350 species of mosses.  It is found mainly in peatlands and bogs and can soak up more than 20 times its dry weight in water.  Unlike most other ecosystems, the dead plants in peatlands do not decompose like plants in forests or other land ecosystems, but gradually are compressed to form peat. This is because of the waterlogged conditions, where the lack of oxygen prevents micro-organisms such as bacteria and fungi from rapidly decomposing the dead plants, mostly sphagnum moss.
It can take 7000 to 10000 years to form a layer of peat 8 metres thick, this equates to about 1cm of peat being layed down over 10 years, in good growing conditions. Peat bogs are highly vulnurable habitats and moss harvesting is not sustainable.  As well as storing water and being an important food and habitat for insects, birds and other animals such as deer, sphagnum mosses have been used by humans for millennia.  It is absorbent and antiseptic and was used in vast quantities as a wound dressing during the 1st and 2nd World Wars.  
Peat is also used as a popular growing material for gardeners, again, because of its ability to hold water.  Peat has been (and still is) used as a fuel.  In the Republic of Ireland peat fuelled power stations currently provide about 10% of the country’s energy consumption.
The global demand for hardwood, paper pulp and palm oil are the driving forces behind the destruction of peatlands. In southeast Asia, for example, areas are drained to enable logging.  After clearance, the drainage is intensified to enable commercial production such as for palm oil.  Normally, peat is wet and will not burn.  Through drainage, the peat dries and starts decomposing and emitting CO2.  In the tropics this process takes place very rapidly and is often accelerated by fires.  In Indonesia these fires cover millions of hectares and can last for weeks, sometimes months, burning thick layers of peat over large areas and contributing large amounts of CO2 to the atmosphere.
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Purple saxifrage (Saxifraga sp)

Purple saxifrage is is a wide-ranging, arctic-alpine species found, in the European Arctic and in high mountains like the Alps and Pyrenees. In the Canadian North, it grows from the Yukon to Ellesmere Island and from northern Quebec to Newfoundland. It is also found in high alpine areas in British Columbia and Alberta.  The sweet blossoms of the purple saxifrage are eaten by the Inuit who also use the plant as an important time-keeping function. When the plant is in bloom, the caribou herds are calving.  
Purple saxifrage is one of the earliest flowering plants in its arctic or alpine habitat (e.g. April in the mountains; June in the Arctic). The time of flowering is dependent on snow melt – as temperature increases then flowering is triggered.  Purple saxifrage occupies barren, exposed rock; damp crevices in cliffs; and moist, calcium-rich gravel. Its star-shaped flowers are large and they grow on short stalks above the cushion of leaves, with five sepals and five petals.
The world’s alpine plants are amongst those most threatened by climate change, since it is most likely that the area with suitable conditions available for them to inhabit can only get less .  Purple saxifrage is one of several species studied as part of the International Tundra Experiment (ITEX), which explores the impact of climate change on the growth, phenology and reproductive success of arctic plants. In experiments done by ITEX to simulate climate warming, purple saxifrage did not respond, as many other plants do, by flowering earlier. These experiments suggest that, as the climate gets warmer, saxifrage will not be able to effectively compete with plants that do flower earlier in response to more heat. As a result, purple saxifrage populations in the Arctic may be forced to higher altitudes or latitudes, or areas that have been opened up by retreating glaciers




