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The national botanic garden is not only a primary means of global ex situ

conservation but also a key indicator of biodiversity conservation capacity in a

country. To understand the contributions of national botanic gardens from around

the world to plant diversity conservation, we generated a long time-series dataset

to investigate the spatiotemporal development of national botanic gardens and

then explored their functional expansion from 1593 to 2023. The results showed

that the development of national botanic gardens was driven by the development

demands of human society and could be divided into three stages, i.e., the initial

exploration stage of early botanic gardens (1593–1765), the colonial development

stage of modern botanic gardens (1765–1945), and the rapid development

stage of modern botanic gardens (1945–2023). The first national botanic garden

was established in Western Europe, followed by other national botanic gardens

being established in the rest of the world. The functions of national botanic

gardens evolved from the collection of medicinal and plant resources to multiple

purposes, including scientific research, plant diversity conservation, education,

and dissemination of knowledge. Contemporary national botanical gardens have

played a crucial role in plant diversity conservation and scientific research on the

response and adaptation of plant diversity to global change. Future development

and management of national botanic gardens will play a crucial role in achieving

future targets of the post-2020 global biodiversity framework, which meets the

UN Sustainable Development Goals.

KEYWORDS

national botanic garden, global change, ex situ plant diversity conservation, forest

management, post-2020 global biodiversity framework

1 Introduction

The degradation of terrestrial ecosystems and consequent loss of plant diversity have

threatened human wellbeing in the context of global change and will continue to do so

(Cardinale et al., 2012; Johnson et al., 2017). Plant diversity is essential to ecosystem function

and service delivery, and changes in plant diversity have direct and indirect impacts on

ecosystem services, such as ecosystem production, resilience, and processes (Perrings et al.,

2010; Arneth et al., 2020). Plant diversity is being lost at an unprecedented rate. Since 1500,

global land use has reduced local plant species richness by an average of 13.6% (Newbold

et al., 2015). Approximately 21% of seed plants are under threat because of ongoing climate
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change and increasing anthropocentric disturbances (Duraiappah

et al., 2005). Loss of plant diversity leads to the degradation

of ecosystem service functions, which, in turn, affects human

sustainable development (Mace et al., 2018). The loss of plant

diversity and degradation of ecosystems are predicted to further

accelerate in the coming years due to further climate changes

and the expansion of human land use (Kehoe et al., 2017; Meng

et al., 2023). The challenge of conserving, restoring, and sustainably

utilizing plant diversity and the urgency to curb plant diversity

loss under ongoing climate change and increasing anthropocentric

disturbances impel our immediate attention and action (Mace et al.,

2018; Geldmann et al., 2019).

In situ conservation and ex situ conservation are two

indispensable ways to protect plant diversity. Although national

parks and nature reserves secure wildness and provide in

situ conservation, plant populations and structures may be

vulnerable to anthropocentric disturbances, invasive species, pests,

diseases, and climate change (Maxwell et al., 2016; Kremen and

Merenlender, 2018). For example, as a common means of in situ

conservation, protected areas have been used as a cornerstone

for habitat and species conservation (Watson et al., 2014; Gray

et al., 2016). Global protected areas have grown rapidly to cover

15.72% of the global land surface in recent decades (Meng et al.,

2023). However, human-induced land use and land cover change

undermine the spatial distribution and area of global protected

areas (Jones et al., 2018; Powers and Jetz, 2019). Global croplands

and pastures occupy more than 40% of the land surface (Foley

et al., 2005), and this proportion will increase in the future to meet

global food demand (Godfray et al., 2010; Potapov et al., 2022).

Ex situ conservation under active human management may be a

more efficient way to preserve endangered plants and sustain their

populations (Ren et al., 2019; Ren and Blackmore, 2023). Ex situ

conservation has advantages in conserving plant species with a high

risk of endangerment and extinction, and collecting rare and relic

plants (Mounce et al., 2017). There are 6,881 tree species collected

in ex situ seed banks (O’donnell and Sharrock, 2017), and over

50% of vascular plants are conserved ex situ (Mounce et al., 2017).

Ex situ conservation has been defined as an active management

action to enable the recovery and conservation of plant species

in the 2030 action targets of the post-2020 global biodiversity

framework (https://www.cbd.int/conferences/post2020), and the

national botanic garden presents a greater possibility in this regard.

To understand the contribution of the national botanic

garden to plant diversity conservation, many previous studies

have investigated its development and roles. A national botanic

garden was originally defined by the International Association

of Botanic Gardens (IABG) as a space with open access to the

public in which plants are clearly labeled. The definition is then

expanded by Botanic Gardens Conservation International (BGCI)

and the International Union for Conservation of Nature (IUCN)

to a conservation ground for the purposes of scientific research,

conservation, education, and display (Westwood et al., 2021).

The modern national botanic garden was originally established

in Europe in the sixteenth century as a classroom for university

students, particularly those studying medicine (Heywood, 2017).

Since the eighteenth century, the national botanic garden has

begun to use facilities (such as greenhouses) to cultivate plants

in similar conditions to those in their natural habitats (Rakow

and Lee, 2015). The application of facilities strengthens the ex

situ cultivation capacity of the national botanic garden. Benefiting

from the strengthened ex situ cultivation capacity, national botanic

gardens receive plants from oceanic islands and other countries

worldwide (Maunder et al., 2001; Prance, 2010; Zhao et al., 2022).

The national botanic garden provides an opportunity to actively

conserve and manage a wide range of plant species with high

endemism or threatened by habitat destruction and invasion of

alien species (Hulbert et al., 2019; Faraji and Karimi, 2022) and has

a major function in preventing plant species extinctions (Smith,

2016; Wondafrash et al., 2021). Global national botanic gardens

collect 30% of all plant diversity, including up to one-third of the

world’s flowering plants, and conserve ∼13,218 species at risk of

extinction covering 41% of the world’s known threatened flora

(Heywood and Watson, 1995; Engelmann, 2011). The national

botanic garden is regarded as an untapped resource for studying

the functional ecology of plants (Perez et al., 2019) and acts as

a barometer to measure the active management actions of plant

diversity conservation in a country (Westwood et al., 2021; Perino

et al., 2022). Since the Industrial Revolution, climate change and

land cover change have impacted and will continue to impact global

ecosystems (Newbold et al., 2015; Meng et al., 2023). National

botanic gardens can not only collect and conserve plant diversity

but also play a special role in investigating the response and

adaptation of plants to climate change (Ali and Trivedi, 2011;

Primack et al., 2021). With the development of the national botanic

garden, its public roles have expanded to that of cultural institutions

for plant species conservation, formal and informal education,

scientific research, and popular entertainment (Faraji and Karimi,

2022; Lopez-Villalobos et al., 2022). However, the development

stage and plant diversity conservation capacity of national botanic

gardens have rarely been explored from a global perspective in

previous studies.

To this end, we integrated multisource data from the literature,

open databases, and official websites to generate a historical dataset

of national botanic gardens to investigate the spatial distribution

and temporal change characteristics of national botanic gardens

worldwide from 1593 to 2023 and analyze their contribution

to plant diversity conservation based on the UN Sustainable

Development Goals (UN SDGs). Specifically, we addressed the

following questions:

(1) How can the different development stages of global national

botanic gardens be distinguished?

(2) What are the contributions of the national botanic gardens to

plant diversity conservation?

2 Data and methods

We collected data on national botanic gardens worldwide

(including country, founding time, garden area, facility area,

living plant species, and collected plant specimens) by applying

three methods (Table 1): (1) literature search, (2) consultation of

open databases and official websites of world-renowned national

botanical gardens, and (3) physical inspection. These data were
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TABLE 1 Collected data on global national botanic gardens from three

sources.

Collection
methods

Selection
criteria

Data sources

Literature search Country

Founding time

Hill, 1915; Holttum, 1970;

Prance, 2010; Rakow and Lee,

2015; Mounce et al., 2017;

Huang, 2018, 2022; Huang

and Liao, 2022

Database and

website

consultation

Garden area

Facility area

BGCI, https://tools.bgci.org/

garden_search.php

IABG, http://iabg.scbg.cas.cn/

NYBG, https://www.nybg.org/

ICCBG, https://www.cubg.cn

Physical inspection Living plant species

Collected

specimens

National Botanical Garden in

China

Kew Gardens in Britain

U.S. Botanic Garden

collected because they could indicate spatial distribution and plant

diversity conservation capacity of national botanic gardens. The

following selection criteria were applied in the literature search:

Country and founding time of the national botanic gardens were

presented in the literature; there were garden area and facility

(such as greenhouse/glasshouse) area data in the literature; and

the living plant species and/or collected plant specimens were

either clearly noted or could be directly derived in the literature.

We then consulted open databases and the official websites of

world-renowned national botanical gardens to collect the same

attributes of global national botanic gardens as from the first

source (i.e., country, founding time, garden area, facility area, living

plant species, and collected plant specimens). The open databases

and official websites included those of the Botanic Gardens

Conservation International (BGCI), International Association of

Botanic Gardens (IABG), New York Botanic Gardens (NYBG), and

Initiative for Collective Conservation in Chinese Botanical Gardens

(ICCBG).Moreover, we physically inspected the National Botanical

Garden in China, Kew Gardens in Britain, and the U.S. Botanic

Garden in the United States.

3 Results

3.1 Development stages of national botanic
gardens

Since the world’s first national botanic garden was established

in Germany in 1593, the development of national botanic gardens

around the world has had a strong correlation with global social and

economic progress. The development of global national botanic

gardens can be divided into three major stages (Figure 1): the

initial exploration stage of early botanic gardens (1593–1765), the

colonial development stage of modern botanic gardens (1765–

1945), and the rapid development stage of modern botanic gardens

(1945–2023). At present, 68 countries have established 141 national

botanic gardens with a total area of 29,000 hm2 and a total number

of living plant species of 1.021 million (Figures 1, 2).

3.1.1 Initial exploration stage of early botanic
gardens (1593–1765)

The period from the end of the sixteenth century to the

middle of the eighteenth century (∼170 years) was marked as the

beginning of national botanic gardens. During this period, human

society was nearing the end of the agricultural civilization, and life’s

essential needs, such as medicinal materials, were the primary goal

of human society in establishing national botanic gardens. During

the Renaissance period, the first wave of national botanic gardens

emerged in Western Europe in Germany, France, and Britain.

Subsequently, national botanic gardens were also created in Russia,

Austria, Spain, and other countries. There are two substages in

this stage.

(1) Early European medicinal botanic garden stage (1593–1700)

The first substage is the early European medicinal botanic

garden stage. During this period, botanic gardens were established

to collect medicinal herbs. The Paris Botanical Garden in France

was founded in 1626 as the Royal Herb Garden in the time of

Louis XIII (1601–1643). The Edinburgh Royal Botanic Garden in

England was founded by two doctors (Dr. Robert Sibbald and

Dr. Andrew Balfour) in 1670, and only medicinal plants were

planted. Then, the Berlin-Dahlem Botanic Garden in Germany

was founded in 1679 and served as a royal kitchen and herbal

botanical garden.

(2) Classic European model botanic garden stage (1700–1765)

In the eighteenth century, the development of national

botanic gardens followed the classic European model of botanic

gardens. Swedish biologist Carl von Linné (1707–1778) created

a binary nomenclature for plant taxonomy, enhancing the

efficiency of categorizing plant species in national botanic

gardens. During this period, Britain, Russia, Austria, Spain, and

Malta, established national botanic gardens, with other European

countries establishing seven further national botanic gardens,

while in Mauritius in Africa, a national botanic garden was

also established. The total number of national botanic gardens

established in nine countries around the world increased to 13.

Kew Gardens, a world-famous national botanical garden, was

established in 1759 and was defined as a comprehensive botanical

garden centered around taxonomic research. The Kew Gardens has

collected and introduced more than 80,000 plant species, covering

one-sixth of the higher plants in the world, and was listed in the

World Heritage List in 2003.

3.1.2 Colonial development stage of modern
botanic gardens (1765–1945)

The second stage is the colonial development stage of

modern botanic gardens, which extended from Europe’s

Industrial Revolution in 1765 to the end of the Second

World War in 1945. During the 180 years, 36 countries

established 66 new national botanic gardens. The total number

of global national botanic gardens increased to 79, which

were established in 45 countries. There are two substages in

this stage.

(1) Colonial tropical botanic garden stage (1765–1914)
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FIGURE 1

Number of national botanic gardens and countries that have established national botanic gardens at di�erent stages.

FIGURE 2

Spatiotemporal development of national botanic gardens worldwide.
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During 1765–1914, the advancement of the Industrial

Revolution and the implementation of European colonial policy

resulted in the expansion of national botanic gardens from Europe

to colonial countries and regions worldwide, which furthered

the establishment of national botanic gardens worldwide. During

this period, national botanic gardens were established in the

following tropical countries: Asian countries such as India,

Indonesia, Sri Lanka, and Singapore; African countries such as

South Africa, Cameroon, Kenya, Malawi, and Seychelles; countries

in the Americas such as Brazil, Jamaica, Dominica, Grenada, the

United States, and Canada; and Australia in Oceania. Plant hunters

collected and introduced a great number of native plants from

these countries to Europe. Greenhouses were established and

enabled the cultivation of non-native plants such as tropical plants

in European national botanic gardens. The greenhouse gradually

became the standard facility used in large national botanic gardens.

Before the First World War in 1914, there were at least 59 national

botanic gardens in 32 countries on five continents.

(2) Gardening and specialized botanic garden stage (1914–1945)

In the first half of the twentieth century, social and

economic development worldwide brought about the demand

for horticulture and landscape gardens. Gardening and related

specialized botanic gardens started to rapidly emerge and replace

the colonial tropical botanic gardens. In Europe (Latvia, Belarus,

and Monaco), Asia (Myanmar, Japan, China, Armenia, Azerbaijan,

Kazakhstan, and Kyrgyzstan), Africa (Madagascar), and the

Americas (Chile and Guatemala), 20 new national botanic gardens

were established, and the total number of global national botanic

gardens increased to 79 in 45 countries.

3.1.3 Rapid development stage of modern
botanic gardens (1945–2023)

Since the end of the Second World War in 1945, human

society has entered a period of peace and development, and the

development of the national botanic garden entered the rapid

development stage of modern botanic gardens. A great number

of modern national botanic gardens were established. During this

period, 62 new national botanic gardens were established with an

increasing rate of 0.8 gardens per year, which is 10 times more than

that in the first stage (0.08 gardens per year) and 2.2 times more

than that in the second stage (0.37 gardens per year). There are two

substages in this stage.

(1) Scientific botanic gardens stage (1945–1992)

After the end of the Second World War, national botanic

gardens shifted their focus to scientific research, aligning with the

significant progress in science and technology. Between 1945 and

1992, 45 national botanic gardens were established among the

following countries: Portugal and Poland (Europe); North Korea,

the Philippines, Nepal, Iran, Thailand, South Korea, Bangladesh,

and Malaysia (Asia); Zimbabwe and Cape Verde (Africa); Cuba,

Antigua and Barbuda, Belize, and Dominica (the Americas); and

PapuaNewGuinea (Oceania). The total number of national botanic

gardens worldwide increased to 124.

(2) Biodiversity conservation botanic gardens stage (1992–2023)

In 1992, the United Nations Convention on Biological Diversity

was signed during the United Nations Conference on Environment

and Development. This agreement marked human societies’

recognition that biodiversity is the basis for human survival and

development. The sustainable use of biological resources as one

of the most important global targets was confirmed, and this

confirmation shifted the function of global national botanic gardens

to biodiversity conservation. From 1992 to 2023, 17 new national

botanic gardens were established. The total number of global

national botanic gardens increased to 141 in 68 countries on

five continents. However, there were still many countries without

national botanic gardens in Africa and South America (Figure 2),

although these areas had abundant plant species.

3.2 Spatiotemporal changes in national
botanic gardens

3.2.1 Temporal change in national botanic
gardens

Figure 3 shows the number of newly established national

botanic gardens in each decade. Before 1750, only one new botanic

garden was established each decade. From 1750 to the early

twentieth century, the increasing rate reached four gardens per

decade. From the early twentieth century to the present, this rate

increased to eight gardens per decade. The peak increasing rates

were found in the 1810s, 1870s, 1920–1930s, 1960s, and 1980s.

3.2.2 Distribution of national botanic gardens
Figure 4 shows that national botanic gardens are mainly

distributed in Eurasia, followed by Americas, Africa, and Oceania.

Europe and Asia are the leaders in establishing national botanic

gardens. The total number of national botanic gardens is 49 and

35 in Europe and Asia, respectively, which were established in

17 and 23 countries, respectively. Figure 5 shows that the leading

country with the highest number of national botanic gardens is

France (number of national botanic gardens: 12), followed by South

Africa (10), Australia (10), the United States (7), Germany (6), the

United Kingdom (6), Russia (5), and Ukraine (5).

3.3 Characteristics of national botanic
gardens

3.3.1 Area and facilities of national botanic
gardens

Figure 6A shows that 37% of national botanic gardens are

medium-sized gardens with an area of 10–50 hm2, and 19% are

larger-scale gardens with an area of 101–200 hm2. Large gardens

with an area over 500 hm2 are the fewest in number. The largest

garden is the South African National Biodiversity Institute. The

greenhouse is the common facility or infrastructure in national

botanic gardens, which has strengthened the cultivating capacity of

these gardens and allowed them to receive non-native plants from

other areas all over the world. Using greenhouse area data from

38% of national botanical gardens, we found that 18% of global
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FIGURE 3

Number of newly established national botanic gardens in each decade.

FIGURE 4

Number of national botanic gardens worldwide and number of

countries with national botanic gardens on each continent.

national botanic gardens built medium-sized greenhouses with

areas between 1,000 and 4,999m2, and few national botanic gardens

built large greenhouses with areas over 20,000 m2 (Figure 6B).

The average areas of national botanic gardens at different

development stages showed an increasing trend (Figure 7). In the

early European medicinal and classic European model botanic

garden stages during 1593–1765, the average area of national

botanic gardens was ∼50 hm2. In the colonial tropical botanic

garden stage during 1765–1914, the average area of national botanic

gardens gradually increased to nearly 100 hm2. In the horticulture,

specialized, and scientific botanic garden stages during 1914–

1992, the average area of national botanic gardens exceeded 100

hm2. In the biodiversity conservation botanic garden stage after

1992, the average area of national botanic gardens soared to

731.2 hm2.

3.3.2 Plant diversity conservation in national
botanic gardens

Figure 8A shows that more than 35% of national botanic

gardens have 1,000–4,999 living plant species, followed by those

with 5,000–9,999, 10,000–49,999, and fewer than 1,000 living

plant species at 23, 21, and 18%, respectively. National botanic

gardens with over 50,000 living plant species are rare, at only

3%. Using plant specimen data from 40% of national botanical

gardens, we found that 16% of national botanic gardens collect

fewer than 100,000 plant specimens, followed by those collecting

1,000,000–4,990,000, 100,000–490,000, and 500,000–990,000 plant

specimens, representing 9, 7, and 6%, respectively. Only 3%

of national botanic gardens collect over 5,000,000 specimens

(Figure 8B).

The average number of living plant species in national botanic

gardens worldwide at different development stages showed a

decreasing trend (Figure 9). In the early European medicinal and

classic Europeanmodel botanic garden stages, the average numbers

of living plant species in national botanic gardens were 14,800 and

13,250, respectively. In the colonial tropical botanic garden and

horticulture and specialized botanic garden stages, the numbers

decreased to 8,744 and 8,957, respectively. In the scientific botanic

garden stage, the number decreased to 5,013. In the biodiversity

conservation botanic garden stage after 1992, the number slumped

to 2,021.
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FIGURE 5

Number of national botanic gardens in the top eight countries

worldwide.

4 Discussion

4.1 Di�erent national botanic garden
development stages driven by di�erent
purposes

In this study, we investigated the spatiotemporal development

of global national botanic gardens. The development stages

were driven by different concepts or purposes. In the initial

exploration stage (1593–1765), national botanic gardens originated

from medicinal gardens during the European Renaissance period.

National botanic gardens were established in the form of herb

gardens to meet the medical needs of European royals and were

then facilitated by the development of botany and university

botanists (Maunder et al., 2001; Rakow and Lee, 2015). From

the sixteenth to eighteenth centuries, with the Enlightenment and

the development of natural sciences, a large number of scientific

research-oriented botanic gardens were established in Europe,

promoting the scientific development of botany (Hill, 1915).

In the colonial stage of the modern national botanic garden

(1765–1945), national botanic gardens significantly expanded from

Europe to Asia, Americas, Africa, and Oceania. The expansion

of the national botanic garden in this stage was accompanied by

the expansion of European colonization (Baber, 2016), as well as

growing social demand for horticulture and landscape architecture

in the first half of the twentieth century (Swarts and Dixon,

2009; Krishnan and Novy, 2016). Depending on the characteristics

of the collected living plants, national botanic gardens played

a mainstream role in research on plant taxonomy and plant

systematics. At this stage, Africa and South America provided

a great number of native plants to European national botanic

gardens and promoted their rapid development (Chen et al., 2009).

However, Africa and South America currently have few national

botanic gardens. During the colonial era, national botanic gardens

were mainly established as a consequence of trade and commerce

(Faraji and Karimi, 2022). European national botanic gardens, such

as the Kew Botanical Garden, cultivate economically useful plants

and trade with countries on other continents (Hu, 2005; Prance,

2010; Ali and Trivedi, 2011). The commercial purpose limited the

expansion of national botanic gardens in Africa and SouthAmerica,

which were plant resource suppliers.

In the modern stage of national botanic gardens (1945–

2023), nature and biodiversity protection, underpinned by scientific

progress and growing environmental concerns, promoted the

establishment of national botanic gardens worldwide (Cannon and

Kua, 2017; Philpott et al., 2022). Since the twentieth century,

especially since themid to late twentieth century, the degradation of

ecosystems and loss of plant diversity have received much attention

under ongoing climate change and increasing anthropocentric

disturbance, and the goals of national botanic gardens have

been focused on plant diversity conservation, education, public

display, and knowledge dissemination (Donaldson, 2009; Cannon

and Kua, 2017). The purposes of establishing national botanic

gardens have shifted from meeting human needs (e.g., medical

herb cultivation, scientific research, and landscape appreciation)

to nature conservation (Krishnan and Novy, 2016). Such changes

reflect the changing relationship between human society and

natural ecosystems, which was driven by the shift from the

dominance of anthropocentrism to the boom of biocentrism and

ecocentrism (Gao et al., 2018).

4.2 Collaborative action of national botanic
gardens

Along with the expansion of national botanic gardens from

Europe to the rest of the world, the average area of national botanic

gardens showed an increasing trend, but the average number of

plant species in these gardens showed a decreasing trend. On

the one hand, this contrast was caused by the weaker collecting

capacity of newly established national botanic gardens. Newly

established or forthcoming national botanic gardens should thus

prioritize the curation of their plant species collections. On the

other hand, endangered or rare plant species cultivated in old

national botanic gardens in Europe may be introduced to newly

established national botanic gardens through collaborative research

and programs (Aronson and ERA of Botanic Gardens, 2014). This

may not only help enrich the attraction of the new botanic gardens

but also contribute to the conservation of biodiversity through

global efforts.

Countries around the world have successively passed legislation

to protect rare, endemic, threatened, and endangered species.

At the International Botanic Gardens Conference held in Spain

in 1985, with the theme of Botanic Gardens and the World

Conservation Strategy, a consensus was reached on the protection

of plant diversity, which called for global national botanic gardens

to unite and use in situ and ex situ methods to save the rapidly

disappearing global plant diversity (Wyse Jackson and Sutherland,
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FIGURE 6

Number of national botanic gardens with di�erent areas (A) and di�erent greenhouse areas (B).

FIGURE 7

Average area of national botanic gardens at di�erent development stages.

FIGURE 8

Percentages of national botanic gardens with di�erent numbers of living plant species (A) and collected plant specimens (×104) (B).
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FIGURE 9

Average number of living plant species in national botanic gardens at di�erent development stages.

2000; Wyse Jackson and Kennedy, 2009). In 2022, the approval of

the Global Strategy for Plant Conservation (GSPC) ushered in a

new era of global national botanic gardens committed to protecting

plant diversity in the twenty-first century (Philpott et al., 2022; Zhao

et al., 2022).

4.3 Contribution of national botanic
gardens to global biodiversity conservation

The goal of establishing national botanic gardens expanded

from the original purpose of introducing medicinal plants to

multiple purposes of scientific research, education, and other

recreational values (Primack et al., 2021). Among these purposes,

botanic gardens play leading roles in plant taxonomy, systematics,

and horticulture (Donaldson, 2009), providing the opportunity

to conserve plant diversity ex situ and prevent species extinction

(Oldfield, 2009). To conserve rare, threatened, and endangered

plant species, greenhouses and other facilities have been built in

national botanic gardens to cultivate plant species in conditions

similar to those in their natural habitats (Maunder et al., 2001;

Pritchard et al., 2012) and provide a platform for scientific

research on non-native plants neglecting limitations of plant

growth time and distribution (Engelmann, 2011; Primack et al.,

2021; Wondafrash et al., 2021). To meet the requirements of

biodiversity conservation, seed banks and germplasm resources are

being included in the plans of national botanic gardens (O’donnell

and Sharrock, 2017). In addition, scientific research based on

gardens and environmental education programs is extensively

carried out to utilize knowledge for plant diversity conservation

and increase public knowledge (Baber, 2016). Currently, national

botanic gardens are an indispensable part of urban green areas

that deliver regulative and cultural services (Heywood, 2017). The

important role of national botanic gardens in scientific research,

plant diversity conservation, and education will be stronger in the

future (Cannon and Kua, 2017).

National botanic gardens play an important role in plant

biodiversity conservation through living plant and seed bank

collections, and deliver ecosystem services for the wellbeing

of society. The ecosystem services of national botanic gardens

are aligned with the UN SDGs. The primary roles of national

botanic gardens are intimately associated with the SDGs that are

related to plant conservation, climate action, public education,

and sustainable development (Lopez-Villalobos et al., 2022).

Life on land (SDG 15) is the most relevant goal linking the

conservation role of national botanic gardens. SDG 15 concerns

protecting, restoring, and promoting the sustainable use of

terrestrial ecosystems, sustainably managing forests, combating

desertification, halting and reversing land degradation, and halting

biodiversity loss. National botanic gardens possess abundant living

plant collections, seed banks, or germplasm resources that provide

a great platform to conserve rare, threatened, and endangered

plant species and to study their response and adaptation to

global change (Johnson et al., 2017). In addition, sustainability

education aligned with the UN SDGs provides botanic gardens

a rich platform to showcase their expertise in horticulture, plant

science, and public awareness of plant diversity (Lopez-Villalobos

et al., 2022; Ren and Blackmore, 2023). National botanic gardens

also provide expertise and disseminate knowledge on the ex situ

protection and scientific research of plants (Dunn, 2017). The

disseminated activities include science popularization exhibitions,

live lectures, and online science popularization about the roles of

national botanic gardens in plant biodiversity conservation and

climate mitigation, which are highly accepted by the public (Lopez-

Villalobos et al., 2022).

It should be pointed out that the risk of plant invasion

should not be underestimated during the management of
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national botanic gardens. Non-native plant species have been

introduced to national botanic gardens for acclimatization,

stimulation of local horticulture, or commercial purposes

(Heywood, 2011; Hulme, 2011). However, ∼37% of previous

studies about invasive plant species originated from protected

areas (Foxcroft et al., 2017). Assessing the invasion risk of

living plant species will advance risk management of national

botanic gardens.

5 Conclusion

In this study, we generated long-term historical data on

global national botanic gardens to investigate the development

of the national botanic garden and explored its contributions

to plant diversity conservation from 1593 to 2023. We found

that the development of national botanic gardens worldwide was

driven by the basic needs of human society. National botanical

gardens were initially developed in the sixteenth century for

the purpose of collecting medicinal plants and then expanded

to Asia, Americas, and Africa for the purposes of trade and

commerce in the seventeenth and nineteenth centuries. After

the twentieth century, national botanic gardens were established

to achieve the multiple purposes of scientific research, plant

diversity conservation, education, and public dissemination of

knowledge. Global national botanic gardens have not only played

and will continue to play an important role in conserving

rare, threatened, and endangered plant species but can also

attract public attention to the global biodiversity framework.

Newly established national botanic gardens can collect rare

plant species through collaborative research and programs to

achieve this role. The findings of this study can improve

our understanding of the role of national botanic gardens

in plant diversity conservation from a global perspective and

help decision-makers advance the development of national

botanic gardens.
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