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Societal Impact Statement
Plants are fundamental to solving many of humanity’s most important challenges: 
food insecurity, water scarcity, energy, health, and climate change. With more than 
20% of the world’s plant species currently threatened with extinction, the loss of plant 
diversity will result in reduced options for human innovation, adaptation, and resil‐
ience. The world’s botanic gardens already conserve and manage around a third of all 
known plant species in their living collections as well as seed banks as an insurance 
policy against extinction and as a resource to support scientific research. This work 
needs to be expanded rapidly if we are to avoid further plant species extinctions.
Summary
Historically, botanic garden science has been dominated by the disciplines of economic 
botany and taxonomy. Today, with around 20% of plant species threatened with extinc‐
tion, the author argues that unless botanic gardens shift their efforts toward the con‐
servation, management and use of plants, the loss of plant diversity will stifle human 
innovation, adaptation, and resilience. The enormous body of taxonomic knowledge, 
skills, data, and collections built up over the past two centuries is fundamental to man‐
aging plant diversity. These resources need to be used to address challenges such as 
food insecurity, water scarcity, renewable energy, human health, biodiversity conserva‐
tion, and climate change. At a time when botanic gardens are increasingly seen as visitor 
attractions, rather than scientific institutions, refocusing their efforts is in the best in‐
terests of botanic gardens as well as those of broader society. The author gives exam‐
ples of how botanic gardens are already supplying crop wild relatives to plant breeders; 
using their living collections to assess resilience to climate change and vulnerability to 
pests and diseases; and conserving rare and threatened plant species for future use. 
However, in spite of these efforts, only a small fraction of the estimated 60,000 plant 
scientists and specialist horticulturists in the world’s botanic gardens are engaged in 
scientific research that has demonstrable impact on how we conserve or manage plant 
diversity. The author argues that it is time for botanic gardens to develop a new con‐
tract with society—a contract that delivers outcomes for society that only botanic gar‐
dens, as custodians of the world’s plant diversity, can deliver.
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1  | INTRODUC TION

At last summer’s International Botanical Congress in Shenzhen, 
China, I was delighted to be invited to attend an evening event 
launching this journal Plants, People, Planet. The evening was en‐
livened by a debate among the guests about whether this new 
journal would cut itself loose from the “tyranny” of citation in‐
dices and impact factors and instead aim for societal impact by 
seeking contributions from practitioners—for instance, people ac‐
tually conserving and managing plant diversity in the landscape. 
My own organization’s position on this is clear. Botanic Gardens 
Conservation International (BGCI, www.bgci.org) believes that the 
biggest challenge facing society that botanic gardens are equipped 
to address is the loss of plant diversity. At least 20% of plant spe‐
cies are currently threatened with extinction (RBG Kew, 2016), 
and this has consequences for human innovation, adaptation, and 
resilience as we attempt to address challenges such as food in‐
security, water scarcity, renewable energy, human health, biodi‐
versity conservation, and climate change (Smith, Dickie, Linington, 
Probert, & Way, 2011). Putting this in blunt terms to botanic gar‐
dens scientists, I would say “If you can’t demonstrate how your re‐
search helps us to better use, manage or conserve plant diversity 
then why are you doing it?” In order to judge whether this is a rea‐
sonable question, it is worth looking at the history of botanic gar‐
den science, the legacy of those endeavors, the current challenges 
that botanic gardens face and the opportunities open to them.

2  | HOW DID WE GET HERE?

Historically, botanic garden science has been dominated by the 
disciplines of economic botany and taxonomy (Blackmore, 2017). 
Many post‐enlightenment European gardens were established as 
physic gardens for growing medicinal plants; similarly, economic 
botany was the main driver for the founding of the great colonial 
gardens such as Kew, Singapore, Peradeniya, Calcutta, Bogor, and 
Sydney. Coffee, tea, rubber, and other plant‐based industries were 
exported and established through these botanic gardens, and the 
science of collecting and describing plant diversity was the means 
to the end that would lead to the next big commodity or economic 
opportunity. Gradually, collecting, naming, and describing plant di‐
versity became the major scientific output itself—always with the 
potential for discovery of useful plants or derivatives, but rarely at 
a scale that would transform an economy. This was especially true 
for the many university‐based botanic gardens that sprung up in 
Europe and elsewhere in the 19th and 20th centuries. Here, the liv‐
ing and herbarium collections, painstakingly amassed over decades, 
were the basis for the teaching and practice of plant taxonomy—an 
end in itself, leading to publications and prestige. Today, there are 
an estimated 390,000 plant species described, with around 2,000 
new species being described each year (Anderson, 2016). We are 
also approaching a stable taxonomy for plants driven, as so often 
in biology, by exponential advances in molecular biology (most 

notably genomics) and information technology. It is entirely pos‐
sible that we will have a consensus‐based world checklist of plants 
by 2020—Target 1 of the Global Strategy for Plant Conservation 
(Sharrock, Oldfield, & Wilson, 2014). This is not to say that there 
is no more plant taxonomy to do but it does mean that we are ap‐
proaching a point where the majority of plant taxa have been de‐
scribed and given unambiguous names. In this context, it is worth 
looking at the knowledge that we have accumulated, the collections 
associated with that taxonomic effort and how those might be put 
to use to address some of the world’s biggest challenges.

The first thing to point out is that this enormous body of taxo‐
nomic knowledge, in the form of names and descriptions, is funda‐
mental to conserving, using and managing plant diversity. In the past, 
the connection between taxonomy and use was rarely articulated 
and this remains a challenge to this day. Taxonomy is not sexy—de‐
spite the fact that all information about a plant (its properties, how 
to grow it, how to process it, sell it, etc.) is worthless without a valid, 
unambiguous name to hang that information on. An associated leg‐
acy of the taxonomic age is tens of millions of dried herbarium spec‐
imens that not only serve as physical references that link to a name 
and description, but are also sources of additional information about 
a plant, including where it occurs, when it fruits or flowers, vernac‐
ular names, uses, and so on. In addition to herbarium specimens, 
botanic gardens have built impressive living collections that are cul‐
tivated in glasshouses and outdoors (Figure 1a, b). Botanic gardens 
cultivate and/or conserve in their seed banks at least 30% of known 
plant species, 59% of plant genera, and a staggering 93% of vascular 
plant families (Mounce, Smith, & Brockington, 2017, Figure 1c, d). To 
these, we can add DNA collections, wood collections, carpological 
collections, economic botany collections, and so on—all with poten‐
tial applications to solving the big challenges faced by humanity in 
the coming decades.

3  | WHERE ARE WE GOING?

These challenges need to be addressed by botanic gardens as scien‐
tific institutions and, as is the case in science more broadly, botanic 
gardens are facing some tough questions. To the outsider, people 
studying or growing obscure plants can appear to be an irrelevance 
or worse, an esoteric indulgence. In a study carried out by BGCI last 
year (Smith & Harvey‐Brown, 2017), which gathered data from 200 
gardens in 70 countries, we found that public engagement in botanic 
gardens was overwhelmingly aesthetic—orchid festivals, light shows, 
and music events. Almost none of the gardens promoted their scien‐
tific research or unique plants as a visitor attraction or reason to visit. 
Scarcely surprising then that governments and municipal authorities 
who provide public money to botanic gardens increasingly see them 
as primarily visitor attractions rather than scientific institutions with 
a meaningful role to play in helping to solve the big environmental 
problems.

So where are the opportunities? I would argue that they are 
everywhere. A good example of the value of a name, description, 
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and associated herbarium specimens is the case of the rattan 
species Calamus caesius, described by Dransfield (2006). For at 
least a century and a half, this slender rattan had been the pre‐
mier small diameter cane in Borneo supporting a huge industry 
(globally the rattan industry was worth US$6.5 billion in 1997), 
and with a large volume of research on silviculture developed over 
many decades. In the 1970s, the Philippines government became 
interested in developing their species of rattans commercially, in‐
cluding a local species with the vernacular name “Sika”—a species 
identified in the herbarium as Calamus spinifolius. In fact, this was 
a misidentification and when Dransfield correctly named it as C. 
caesius in 1979, the vast body of literature for this species was im‐
mediately available to the forestry authorities in the Philippines, 
with no need to carry out expensive and lengthy silvicultural trials 
(Figure 2a, b).

Even for already domesticated mainstream crops, plant 
breeders sometimes need to go back to the wild progenitors of 
those crops to source useful traits such as disease resistance and 
drought tolerance. In order to do this, the more closely related a 
wild species is to the cultivar or landrace, the more straightfor‐
ward the introgression. Price Waterhouse Coopers recently as‐
sessed the current value of benefits from crop wild relative (CWR) 
traits in 29 of our major crops at US$42 billion (PWC, 2013). Plant 
breeders use the phylogenies developed by plant taxonomists to 

identify the genepool 1 and genepool 2 CWRs they can screen for 
useful traits.

Going beyond traditional breeding into transgenic ap‐
proaches, researchers working on engineering C4 photosynthe‐
sis into wheat and rice—potentially increasing yields by 50%—are 
using phylogenies to compare C4 plants with their closest C3 
relatives in order to better understand their genetic, biochemi‐
cal, and morphological differences (Hibberd, Sheehy, & Langdale, 
2008). C4 photosynthesis has evolved separately multiple times, 
and Kew’s Millennium Seed Bank (https://www.kew.org/wake‐
hurst/attractions/millennium-seed-bank) has supplied research 
groups in Cambridge and Sheffield with many of the taxa needed 
to support this research, including some species so obscure, for 
example, Lecomtella madagascariensis, that herbarium locality 
records, flora descriptions, specialist identification skills, and 
advanced horticultural knowledge have all been necessary to 
deliver the living material required (see https://www.kew.org/
blogs/kew-science/ancient-madagascan-grass-sheds-light-on-
crop-evolution, Figure 3) .

Apart from helping to find, identify, and collect material, a good 
flora description and its associated herbarium specimens can also tell 
us a great deal about how to conserve or grow a plant. The location 
data gives us information about the climate and soils in which a plant 
will grow; the flower morphology gives us clues about its pollination 

F I G U R E  1   (a) The living collection at 
Huntington Botanic Garden, California, 
USA; (b) The living collection at Chicago 
Botanic Garden, Illinois, USA; (c) The 
Millennium Seed Bank vault, RBG Kew, 
Wakehurst Place, Sussex, UK; (d) Nursery 
at the Millennium Seed Bank, Wakehurst 
place, Sussex, UK. Photographs (a) and 
(b): Paul Smith; (c): © RBG Kew/Andrew 
McRobb and (d): © RBG Kew

(a)

(c)

(b)

(d)

F I G U R E  2   (a) Photograph of Calamus 
caesius; (b) Rattan fish cages lined up on 
Piapi beach, Dumaguete City, Philippines. 
Images courtesy of Doikanoy (a) and 
Manolito Tiuseco (b)

(a) (b)
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mechanism, and the fruit tells us about its mode of dispersal. There 
is currently no global database, or easily accessible information, de‐
tailing plant reproductive strategies on a species‐by‐species basis—
essential information if you want to conserve or cultivate a plant.

4  | C APITALIZING ON LIVING 
COLLEC TIONS

The living collections in botanic gardens are potentially even more 
useful than dead, preserved herbarium specimens. Every single 
living plant in a botanic garden landscape (or glasshouse) is a living 
laboratory. Documenting climatic envelopes or edaphic require‐
ments for plants is fundamental to understanding where we can 
grow them and how resilient they may be to a changing climate. 
There is a huge body of literature that uses bioclimatic modeling to 

predict the impacts of climate change on plant species in their na‐
tive ranges, some of it fundamentally flawed because it is assumed 
that current climate is the main determining factor in natural plant 
distributions. In fact, the ranges of many threatened plants are 
contracting precisely because they are not happy where they are; 
conversely, populations of naturalized, or invasive species ex‐
pand outside their natural ranges because the climatic conditions 
suit them better (Early & Sax, 2014). Provided that the degree of 
human management (e.g., irrigation, protection from frost) is taken 
into account, living collections in botanic gardens can provide us 
with extremely useful information about optimal and subopti‐
mal growing conditions, particularly for long‐lived species such 
as trees. The University of Melbourne has recently developed a 
methodology to predict the resilience of the Royal Botanic Garden, 
Melbourne’s trees to different climate change scenarios (Kendal & 
Farrar, 2017). Their method has also been applied to urban street 

F I G U R E  3   A line drawing of the C3 Madagascan grass species Lecomtella madagascariensis. Drawing reproduced courtesy of artist Lucy T. 
Smith



42  |     SMITH

trees more broadly, and does not just measure the temperature 
and precipitation thresholds of the native ranges of those trees, it 
also takes into account urban planting records around the world, 
including in botanic gardens. In a similar vein, the use of botanic 
garden collections to monitor changes in plant phenology is well 
established (e.g., Tooke & Battey, 2010).

Living collections can also be used to assess vulnerability to 
pests and diseases. BGCI’s International Plant Sentinel Network 
(https://www.plantsentinel.org/) uses botanic garden collections 
outside their native ranges as an early warning system to test the 
susceptibility and control of emerging pests and diseases before 
they reach natural populations. Other, novel uses of the very diverse 
living collections in botanic gardens and arboreta are emerging, in‐
cluding building libraries of spectral signatures enabling individual 
taxa to be identified through remote sensing (Cavender‐Bares et al., 
2017; Cavender‐Bares pers. comm.).

Living collections and seed bank collections are inherently valu‐
able themselves, particularly those of rare and threatened species. 
Globally, botanic gardens conserve at least 41% of known threat‐
ened species in their living collections and seed banks (Mounce et 
al., 2017). In the UK, that figure is considerably higher, with 78% of 
threatened taxa held in Kew’s Millennium Seed Bank both for long‐
term conservation and—crucially—for use. Over the past 5 years, 930 
UK collections have been sent out to support research into disease 
susceptibility, biological control, pollination research, plant breeding, 
and many other applications with direct relevance to the big envi‐
ronmental challenges. A further 154 collections have been used for 
conservation purposes, particularly regeneration, reintroduction, 
and habitat restoration projects (Chapman, Miles, & Trivedi, ). Often, 
the information supplied with those collections is as valuable as the 
collections themselves. Kew’s Seed Information Database (https://
data.kew.org/sid/) provides information on seed behavior, seed lon‐
gevity, and optimal germination protocols—essential information if 
you wish to store or grow the seeds. Seed germination is just the first 
step in successful propagation and, despite the fact that botanic gar‐
dens grow this vast array of plant diversity in their living collections, 
propagation information is patchy and inaccessible; there is no global 
database or Wikipedia of plant propagation protocols.

These examples are the tip of the iceberg. Xylarium collections 
can be used for developing libraries of wood density and biomass 
data for use in REDD (reducing emissions from deforestation and 
degradation) and carbon sequestration programs. DNA collections 
can be used for tracking pollinator visits or to inform on avoiding in‐
breeding depression in species reintroduction programs, and so on.

It is in the conservation of plant diversity, in particular, that I would 
argue botanic gardens have their greatest role to play. It is hard to es‐
timate how many plant species are extinct in the wild—undoubtedly, 
many more than we think. Increasingly, botanic gardens are the last 
refuges for such plant species and the good news is that this does not 
mean they are all destined to live out their existence in botanic gar‐
dens or in seed banks. While some species, such as the American tree 
species Franklinia alatamaha, have never been returned to the wild, 
many hundreds of plant species have been successfully reintroduced, 

becoming self‐sustaining populations (e.g., Chapman et al., , Figure 4). 
Even for the multitude of species that cling on in human‐transformed 
landscapes, perhaps isolated from their pollinators or dispersers, bo‐
tanic gardens offer the opportunity for them to persist with varying 
degrees of human management. For those of us who live in Western 
Europe, this is not an abstract concept. There are around 1,500 
plant species regarded as native to the British Isles but we cultivate 
in our gardens and fields tens of thousands of plant species, landra‐
ces, and cultivars from all over the world. Moreover, every plant on 
these islands, native or foreign, is influenced by human management 
practices. This is the Millennium Ecosystem Assessment’s “techno‐
gardening” scenario (MEA, 2005) come true.

BGCI is promoting the concept of a rationale, cost effective 
“global system” in which the world’s botanic gardens work together 
to ensure that no rare or threatened plant species becomes extinct 
(Smith, 2016). This does not mean that we can always prevent ex‐
tinctions in the wild but it does make the assumptions that (a) there 
is no technical reason why any plant species should become extinct, 
and (b) that botanic gardens have the data, knowledge, skills and in‐
frastructures to prevent plant extinctions. I believe that these as‐
sumptions are valid based on what we have already achieved as a 
professional community; the real challenges are cultural, not tech‐
nical. Ideally, botanic gardens should take the best research and 
apply it to practice. We have people who can carry out research on 
plants and people who can grow them; in fact, BGCI estimates that 
there are 60,000 plant scientists and horticulturists in our network. 
However, the vast majority are not engaged in meaningful scientific 
endeavors. Many of our specialist horticulturists are primarily re‐
quired to bring in visitors for much needed income, meaning that 
much of their time is spent working on bedding plants and ornamen‐
tals rather than the conservation and use of rarer or more interesting 
plants. Botanic garden scientists on the other hand—particularly (but 
not exclusively) those associated with universities—are under the 
same pressures to publish innovative science in high‐impact factor 
journals as their university‐based colleagues. This means that many 

F I G U R E  4   Extinct in the wild American tree species Franklinia 
alatamaha. Photograph: Paul Smith
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collections are not actively curated, and the kinds of opportunities 
that they represent are not understood or exploited. Unfortunately, 
this also means that few career scientists are able or willing to do the 
tedious work required to carry out repetitive tasks (such as develop‐
ing germination protocols, measuring traits and contributing to large 
trait‐based databases).

In April last year, BGCI launched GlobalTreeSearch (https://
www.bgci.org/global_tree_search.php)—the first geo‐referenced 
global database of tree species—in a publication in the Journal of 
Sustainable Forestry (Beech, Rivers, Oldfield, & Smith, 2017). We 
deliberately chose a practitioner’s journal, and the work to com‐
pile this list was mainly carried out by a single Master’s graduate on 
BGCI’s staff. She was under no pressure to publish scientific papers 
and she was willing to spend nearly two years going through more 
than 500 published references, contacting experts, and compiling 
this database. The result is a paper that has been viewed online 
over 9,000 times and has an altmetric score of 752 (top 5%). The 
database was consulted >132,000 times in its first 8 months. The 
database was not perfect at first but it is getting better with every 
iteration, thanks to an army of reviewers and supporters from all 
over the world that has arisen because we put the list out there. It 
can already be used to generate national checklists, lists of endem‐
ics and lists of threatened trees for every country in the world, and 
it is being used as the basis for the Global Tree Assessment (Newton 
et al., 2015). The next step is to produce distribution maps for every 
species, based on all available knowledge, and this will hugely in‐
crease the utility of this tool. If a single Master’s graduate, with the 
right networks and in the right working environment, can produce 
the world’s first geo‐referenced global list of trees, I do not see why 
a global database of species reproductive strategies or propagation 
protocols or seed traits cannot be achieved too.

5  | A C ALL FOR AC TION!

It is time for botanic gardens to develop a new contract with soci‐
ety—a contract that delivers outcomes for society that only botanic 
gardens, as custodians of the world’s plant diversity, can deliver 
(Blackmore, 2017; Krishnan & Novy, 2016). In particular, we need 
to mount a fundamental defense of plant diversity (Blackmore & 
Oldfield, 2017), systematically preventing plant species extinctions 
with all of the tools, knowledge, and skills at our disposal. In addition, 
we need to do this right now.
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