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Strengthen Ex Situ Conservation of Plants and Promote Protection and Utilization
of Plant Resources

Abstract

Plant resources are the basis of human survival and development. Due to human and natural disturbance,
plant diversity is facing a serious threat. Ex situ conservation is an important way to remove the threat.
Botanical garden and germplasm bank are the main institutions of ex situ conservation. A total of 105
634 species of plants have been ex situ protected in the global botanical gardens, accounting for about
30% of the global total, and more than 40% of the threatened species have been protected. More than 3
million crop germplasm resources have been collected in more than 500 germplasm banks around the
world. China's botanical gardens ex situ protected more than 20 000 native plants, accounting for about
60% of the total species; the National Crop Germplasm Bank and resource nurseries preserved more than
500 000 germplasm resources. While strengthening plant conservation, ex situ plant protection
institutions have carried out a lot of scientific research and resource utilization. In order to promote the ex
situ conservation of plant diversity and green development, this study also reviewed the research
progress of ex situ conservation of plants, and put forward some suggestions on strengthening ex situ
conservation of plants in China.
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Since the industrial revolution, rapid population growth
and urbanization have resulted in habitat destruction and
fragmentation, overutilization of resources, species intro-
duction without comprehensive consideration, invasion of
alien species, environmental pollution, and climate change.
In combination with low adaptability and breeding difficulty
of plants, these problems have led to the shrinkage of wild
plant distribution areas, habitat degradation, sharp decrease
in resources, and worsened endangerment of some species.
Currently, China and even the whole world have faced the
challenges of plant diversity conservation, restoration, and
sustainable utilization ™. For this reason, the United Nations
(UN) issues the “Convention on Biological Diversity,”
“Transforming Our World: The 2030 Sustainable Develop-
ment Goals,” and “UN Decade on Ecosystem Restoration
(2021-2030),” all of which involve the ex situ conservation
of plants.

Ex situ conservation refers to the relocation of plant seeds
or live plants to a suitable environment created artificially for
conservation, so as to protect the plants from natural disasters
and human disturbance. As an effective means for species
rescue, ex situ conservation is of great significance for the
species whose original habitat is destructed and population
survivability is threatened seriously. The institutions for ex
situ conservation include botanical garden (arboretum) for
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cultivation of introduced species and germplasm (seed) bank
for in vitro conservation by cryogenic technology. The pri-
ority of ex situ conservation is given to rare and endangered
species, endemic species, wild relatives of cultivated plants,
and species with scientific value and economic potential.
Live (or dead) plants, seeds, isolated organs, tissue, pollen,
and DNA materials are applicable for ex situ conservation 2,
In situ conservation and ex situ conservation are com-
plementary to each other. They jointly contribute to plant
biodiversity conservation and thereby enable the restoration
and utilization of plant resources. The plant resources under
ex situ conservation can provide a survival guarantee and
ecosystem regulation services for mankind. Apart from this,
they greatly influence the economic and social development
in the fields of agriculture, medicine, industrial raw materials,
environmental construction, etc. and support the research of
life science. The exploration and utilization of the plant re-
sources under ex situ conservation to boost economic de-
velopment have been at the core of development strategies
proposed by governments of various countries. This paper
reviews the ex situ conservation of plants in the world and in
China and put forward suggestions for ex situ conservation of
plants in China. This research can provide reference for bio-
diversity conservation and sustainable utilization in China.
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1 Threat to plant diversity

1.1 Global plant diversity and its threats

In the world, 391,000 species of vascular plants have been
named, of which about 21% are threatened with extinction.
There are about 60,065 species of trees in the globe. Among
them, 46% of the 34,204 evaluated species are subject to
survival threat. Out of more than 70,000 existing species of
medicinal plants, 15,000 species are under survival threat,
and 723 species are facing the risk of extinction. At least
7,039 species of edible plants have been found, of which,
however, only 417 species have been acclimatized as crops,
while the others are facing the loss of genetic diversity *.

1.2 Plant diversity in China and its threats

In China, 35,112 species of wild higher plants ® have
been found by 2015, which belong to 3,818 genera and 454
families, including 3,045 species of bryophytes, 2,124 spe-
cies of ferns, 227 species of gymnosperms, and 29,716 spe-
cies of angiosperms. The bryophytes, ferns, gymnosperms,
and angiosperms account for 18.8%, 17.7%, 22.2%, and
11.1% of the global total, respectively, in terms of species
diversity. Regarding higher plants in China, there are 17,439
endemic species with a proportion of 47% B,

The following results are obtained from the evaluation of
35,784 species of wild higher plants in China in 2017: extinct
(21 species), extinct in the wild (9 species), regionally extinct
(10 species); critically endangered (614 species), endangered
(1,313 species), vulnerable (1,952 species), near threatened
(2,818 species); least concern (24,243 species); data deficient
(4,804 species). The proportion of species under threat is
15%-20% 11,

The field investigation on wild rice carried out by Chinese
Academy of Agricultural Sciences for 18 consecutive years
has discovered that the 3 species of wild rice distributed over
7 provinces were reduced to 636 populations from 2,696
populations due to human and livestock harm, inbreeding
depression, genetic erosion, and competition with associated
plants. The loss rate is up to 76.4%. In addition, 70% of the
plants serving as medicinal materials in China rely on culti-
vation, and the species of the rest 30% face survival threat
due to excessive harvesting.

2 History and current status of ex situ con-
servation of plants

2.1 History and current status of ex situ conserva-
tion of plants in the world

Botanical gardens were established in Europe in the

mid-16th century. During the rise of the natural sciences and
garden art in the late Renaissance, the early botanical gardens
mainly functioned as places for cultivation of, research on,
and experiments with medicinal plants. In the 18th century,
botanical gardens were key to the introduction, domestica-
tion, and propagation of crops, which even influenced the ups
and downs of some countries. In short, botanical gardens
played a leading role in introduction, domestication, and
propagation of plants over 500 years in modern times P,
Botanical gardens have experienced the development stages
of the medicinal botanical garden, tropical botanical garden,
European classical botanical garden, municipal botanical
garden, and special types of botanical garden (including the
agricultural botanical garden, horticultural botanical garden,
and germplasm resource gathering garden). In developed
countries, botanical gardens are inclined to shoulder the re-
sponsibilities of the comprehensive biodiversity conservation
and ecological environment education on the basis of
strengthening research. In developing countries, the research
capacity of botanical gardens remains to be strengthened.
They intensify the utilization of economic plants while pro-
tecting rare and endangered plants and are also capable of
science communication [,

Botanic Gardens Conservation International (BGCI) has
made statistics of 2,119 botanical gardens in which the in-
formation on live plants was available. These botanical gar-
dens are growing 105,634 species, accounting for 30% of the
global total, and more than 40% of the threatened species
have been protected. Nevertheless, the botanical gardens are
mainly distributed in the temperate zone, and thus 76% of the
tropical plant species are not ex situ conserved. The initial
species of Northern Hemisphere account for 93% of the
plants under ex situ conservation. In addition, only 10% of
the botanical gardens ex situ conserved rare and endangered
plants [/l At present, the Royal Botanical Gardens, Kew in
the UK has collected more than 50,000 living plant species
from all around the world, a world-class botanical garden
with the most species [©1.

More than 3 million crop germplasm resources have been
collected in more than 500 germplasm banks around the
world, including 1.2 million cereal samples, 350,000 beam
samples, 80,000 rhizome samples, and 200,000 forage sam-
ples. Regarding storage, the top four countries are the USA
(about 600,000 samples), China (about 430,000 samples),
India (about 400,000 samples), and Russia (about 320,000
samples). In the world, 350 seed banks of the botanical gar-
dens from 74 countriesare preserving 56,987 taxa, including
more than 9,000 rare and endangered species (€. Especially,
about 60% of the cereal and crop germplasm resources held
in the US National Plant Germplasm System (NPGS) are
from other countries. Plenty of seeds from nearly 40,000 wild
plant species are collected in “Millennium Seed Bank™ in
Kew, accounting for 10% of the global total [°!,

@ https://stateoftheworldsplants.org/2016/; https://stateoftheworldsplants.org/2017/.
@ bryophytes + vascular plants, vascular plants = ferns + gymnosperms + angiosperms.
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2.2 History and current status of ex situ conserva-
tion of plants in China

Overall, the preliminary system for ex situ conservation of
plants has been established in China. Most of the Chinese
native plants are in ex situ collection, and some economic
plants have been introduced into China from biodiversity
hotspot areas in the world. China has established more than
400 protection and breeding bases for wild plant germplasm
resources, including nearly 200 botanical gardens and arbo-
reta, preliminarily forming a network for ex situ conservation
of plants. More than 1.05 million samples of germplasm
resources have been preserved, and 60% of the plant species
in China’s flora have been under ex situ conservation 19,

Botanical gardens are the main institutions for ex situ
conservation of living plants. The earliest botanical garden in
China is the Hong Kong Zoological and Botanical Gardens
established in 1871, but most botanical gardens were estab-
lished after 1949. Botanical gardens in China cover the main
climatic zones and vegetation regions, preliminarily forming
a complete system for ex situ conservation of plants. China’s
system influences the development of botanical gardens. As
the botanical gardens affiliated to different ministries have
different functions and orientations, they contribute differ-
ently in the aspects of biodiversity conservation, scientific
research, gardening and horticulture, as well as environ-
mental education. Since the 1950s, the Chinese Academy of
Sciences (CAS) has played an important role in the devel-
opment of botanical gardens. Currently, the number of the
botanical gardens developed and managed by enterprises
tends to increase ©l. About 1,200 specialized gardens have
been built in China, which preserves 23,340 species (or be-
low species) belonging to 3,633 genera and 396 families.
Among them, about 20,000 species are native plants, ac-
counting for 60% of the total species of higher plants in China
and 25% of the total species under nursing in the world B,
About 1,500 threatened speciesare ex situ conserved in
Chinese botanical gardens, which accounts for 39% of the
native threatened species. Botanical gardens have been
playing a positive role in biodiversity conservation of Chi-
nese native plants (4,

Germplasm banks preserve the vast majority of crop va-
rieties in China, including seed banks preserving seeds and
germplasm nurseries for seedlings. The National Crop
Germplasm Bank consists of 1 long-term germplasm bank
and 10 middle-term germplasm banks, preserving 785 spe-
cies amounting to 426,726 samples of seed resources. Three
national germplasm nurseries preserve 64,493 samples of
resources (M. Four germplasm banks for medicinal plants and
82 medicinal botanical gardens have ex situ cultivated 8,249
species, and their germplasm banks preserve 6,507 species.

@ https://www.genomics.cn/gene.html.

The total number of species preserved is 10,785 after dedu-
plication, including more than 200 rare and endangered spe-
cies 12, The Germplasm Bank of Wild Species in Southwest
China preserves the seeds of 10,285 plant species. National
forest germplasm banks and forest tree improved variety
bases preserve more than 33,000 samples of germplasm re-
sources (including those introduced). China National Gene-
Bank preserves 30 million biological samples ©. These
germplasm resources in germplasm banks can provide mate-
rial support for follow-up utilization.

Since the collection, preservation, and ex situ conservation
of plant resources started late in China, following problems
still exist regarding ex situ conservation of plants: (D There is
a lack of overall design and coordination at the national level.
Some regions have not initiated ex situ conservation of plants
on a large scale (for example, there is only one botanical
garden in Qinghai-Tibet Plateau), and each germplasm bank
does not have its distinctive features for conservation. @ The
conservation capabilities of some germplasm banks remain to
be improved, and there are no codes and standards regarding
the construction and management of germplasm banks. 3
The talent team in each germplasm bank is not strong enough.
@ Exchange and communication are lacking between
germplasm banks, and the information system needs further
improvement. G The plant resources under ex situ conser-
vation are not abundant enough, and genetic diversity con-
servation of economic plants is at a relatively weak level. ®
There is an urgent need to improve the theory and technology
of ex situ conservation, and comprehensive benefits have not
been made because of the loose linkage of ex situ conserva-
tion with in situ conservation, reintroduction, scientific re-
search, development, application, and  science
communication. @ International cooperation and influence
in the field of ex situ conservation remain to be strengthened.
It is necessary to strengthen cooperation in regard to the
facilitation of introduction and benefit sharing.

3 Research progress on ex situ conservation
of plants

3.1 Research based on botanical garden

The development history of botanical gardens over 500
years is full of the exploration of human beings for natural
mysteries and peculiar plants and is also a history of human
beings exploring, utilizing, and remaking nature and coex-
isting with nature at last [*°1. The purpose for scientific re-
search exists throughout the development process of
botanical gardens. In the 16th-17th century, botanical

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd. 3



gardens were mainly used for medicinal plants research and
medicine discovery. The 18th century witnessed the im-
portant progress in plant taxonomy, such as herbarium prep-
aration, the establishment of specimen room, the formation of
binomial nomenclature, the emergence of Linnaean classifi-
cation system and plant taxonomy, the compilation of flora,
and the theories of speciation and evolution, which all came
into being in botanical gardens. In the 18th-20th century,
plant taxonomy was extended to all the subdisciplines of
botany and further developed into the current plant molecular
biology, genomics, metabonomics, etc., which are all related
to botanical gardens. Since the 21th century, the functions of
botanical gardens have been extended to plant diversity
conservation, environmental protection, science communi-
cation, and public services such as leisure tourism [,

The research on ex situ conservation in botanical gardens
focuses on the ecological and biological characteristics of
species (such as threat factors, survival potential, endanger-
ing mechanisms, and maintaining mechanisms), the influ-
encing factors of plant colonization, genetic diversity and
adaptability, the impact of global change on ex situ conser-
vation, and the criteria for successful reintroduction (e.g.,
representative sampling, realization of reintroduction “from
seed to seed” at the species level, and inter-species relation
reconstruction at the ecosystem level) [6. In recent years,
significant improvement has been made in the
high-efficiency conservation and reproduction technologies
for the seedlings, seeds, branches, tissues, and DNAs of most
rare and endangered plants, which enhances the proficiency
for ex situ conservation.

The taxa to be collected with priority and the sampling
strategy should be determined before ex situ conservation.
New England Wild Flower Society developed a system for
prioritizing the species to be collected 4. Hoban *° pro-
posed that it is necessary to collect every population when the
number of field population is less than 5, and at least 50
samples should be collected from each population. Hoban
and Schlarbaum [*81 proposed that the sizes and structures of
populations and inter-population hereditary connection and
pollination mode should be considered during sampling. In
addition, they pointed out that the sampling strategies for the
large-population and wind-pollinated plants should be dif-
ferent from those for the small-population and insect-
pollinated plants.

The genetic information of plants to be ex situ conserved
should be mastered. Wei and Jiang ("1 analyzed 3,599 papers
on ex situ conservation and found that the genetic diversity of
populations under ex situ conservation is significantly lower
than that of the corresponding wild populations. This low
genetic coverage is caused by the imperfect sampling strategy
and genetic erosion during ex situ conservation. Therefore,
botanical gardens should attach importance to the genetic risk
management related to genetic representativeness, genetic
mixing, and genetic adaptation of the endangered plants
during ex situ conservation [*819, Maxted et al. 2% proposed

to enhance the genetic diversity coverage of sampling with
the gap analysis method. Additionally, the endangerment and
genetic representativeness of species and the collection cost
to maintain the genetic representativeness should be taken
into consideration during the collection of living plants 24,

The three aspects including species, biotic environment,
and abiotic environment should be comprehensively taken
into account during ex situ conservation. Currently, species
and their biotic environments have been widely studied, such
as the genetic structure of species and risk evaluation, the
influence of pollinators on the breeding system, the disturb-
ance of pests, and the construction of simulation communi-
ties. The research on abiotic environments mainly focuses on
the climate (i.e., light, temperature, water, and humidity)
similarity principle, and there are also a few studies focusing
on the nutritional conditions of plants 2223, Ex situ conser-
vation makes efforts to maintain the original genetic charac-
teristics of species, while introduction and domestication alter
the genetic characteristics of species so as to utilize them [24],

In the past few decades, the in situ/ex situ dichotomy af-
fected the conservation movement and the development of
associated organizations to a large extent. Braverman [2°
believes that the division into in situ and ex situ for conser-
vation is outdated, impractical, unsustainable, and incom-
patible with the natural culture, idea of multi-nature, and the
nontraditional space concept. Therefore, Braverman rec-
ommended the integrated conservation approach for the
future.

3.2 Research based on germplasm (seed) bank

Hawkes et al. %] have established an integrated conserva-
tion approach for genetic resources of plants, which encom-
passes study, collection, various forms of ex situ and in situ
conservation, evaluation, and utilization. The approach has
become a guide to action for the construction of germplasm
banks. In recent years, germplasm preservation technologies
have made significant advances in the aspects of in situ, ex
situ, and facility conservation (including low-temperature
germplasm banks, tissue-cultured seedlings, somatic em-
bryos, and cryopreservation of buds), and breeding methods
(including seeds, spores, layering, ramet, cutting, and graft-
ing), which further improve the technology system 27, Re-
garding seed preservation technologies, the scientific issues
should be focused on for seed banks including vigor, life, and
cryopreservation of seeds 1. For example, botanical gardens
in Hawaii conduct ex situ conservation of plants and their
cultivation for propagation by using co-constructed seed
bank, miniature breeding laboratory, and greenhouse, which
has effectively protected a number of threatened species in
Hawaiian Islands from extinction. This method is also ap-
plicable to the ex situ conservation movement in other plant
diversity hotspot areas 281,

3.3 Research progress in China

Since the 1980s, China has evaluated the conservation
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status of plants according to the criteria of the International
Union for Conservation of Nature (IUCN) and solved the
problems related to the propagation and cultivation of more
than 40 wild plants with extremely small populations 2,
Huang et al. ) initiated the compilation of Ex Situ Flora of
China, which provides basic information for ex situ conser-
vation. Nanjing Botanical Garden Mem. Sun Yat-Sen has
proposed the path of open field conservation of endangered
plants, including the nursery cultivation under artificial
management-transitionalplanting in the semi-natural habitat—
naturalized planting by reintroducing of endangered plants to
the natural habitat %1, Wuhan Botanical Garden, CAS made a
success in ex situ conservation of more than 30 species of rare
and endangered plants in the Three Gorges Reservoir Area by
ex situ building artificial community nurseries!??l,
Xishuangbanna Tropical Botanical Garden, CAS has ex situ
cultivated 45 species of national key protected plants in
vegetation remnants in the tropical rainforest (231, South China
Botanical Garden, CAS has conducted the reintroduction of
rare and endangered plants by integrating biotechnology,
interspecific relationship reconstruction, and habitat restora-
tion technology and explored the new pattern for commer-
cialized production B34, Liju et al. P! reviewed the research
progress on reintroduction of 206 rare and endangered spe-
cies in China B2, In addition, botanical gardens in China have
cultivated 1,352 new plant varieties, applied for the certifi-
cates of new plant variety right for 494 plant varieties, and
obtained 452 new varieties authorized by the country. In
addition, they promoted 17,347 tree species for ornamental
gardening/greening and 653 new fruit tree varieties, devel-
oped 748 varieties for medicine/drug, and developed 281
varieties to be processed as functional foods. The Chinese
botanical gardens have contributed significantly to the ex-
ploration and utilization of plant resources.

4  Suggestions for ex situ conservation of
plants in China

(1) It is recommended to establish a nationwide unified
management mechanism for ex situ conservation of plants,
strengthen the top-level design for the national botanical
garden system, and improve and release relevant laws and
regulations for ex situ conservation in China. There is a need
to set and establish new botanical gardens in the frigid zone
and cool temperate zone of Qinghai-Tibet Plateau to form a
complete ex situ conservation network. In situ and ex situ
conservation is expected to cover all the native species and
effectively protect the wild plants in China.

(2) China should intensify the close cooperation of ex situ
conservation of plants with scientific research, knowledge
dissemination, ecological recreation, as well as the devel-
opment and utilization of plant resources. Moreover, it should
take full advantage of new technologies such as citizen sci-
ence, the Internet, big data, and Artificial intelligence to

benefit the public and serve the society. With the help of the
above measures, the modernization of ex situ conservation
can be promoted.

(3) More fund is needed to support and enhance the sus-
tainable development ability of every garden/bank by cate-
gory. During capacity building, the key points include the
talent team construction, preparation of standards or regula-
tions, construction of germplasm exchange and information
sharing platform, backup banks, and safe preservation. In
addition, it is also necessary to strengthen the integrated
approach of ex situ conservation, in situ conservation, and
reintroduction for promoting the effectiveness of plant
conservation.

(4) China should establish the international cooperation
and coordination mechanism for ex situ conservation of
plants and resource sharing at the national level by fulfilling
or participating in the international conventions or agree-
ments such as the “Convention on Biological Diversity,”
“Transforming Our World: The 2030 Agenda for Sustainable
Development Goals,” and “UN Decade on Ecosystem Res-
toratiocn (2021-2030)” and intensifying international coop-
eration during the promotion of Belt and Road Initiative. For
example, the alliance of botanical gardens based on the Belt
and Road Initiative should be established under the frame-
work of Alliance of International Science Organizations
(ANSO), so as to improve the levels of the botanical gardens
in ex situ conservation, capacity building, and environmental
education in the countries along the Belt and Road.
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