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Abstract. The research focused on long term dynamics of the world botanic gardens 
(BGs) as well as individual ones demonstrates their ongoing transformation into shared 
innovative multidisciplinary centers of research, education, conservation, social services 
and commercialization in time course of global urbanization. A new vector model of the 
BGs complementary positioning between nature and a community was proposed. Due to 
the public-private partnership and a community support BGs became unique multipurpose 
ecological resources via broadening their target groups of audiences, engaging with com-
munity concerns and environmental needs. Based on comprehensive plant collections, 
traditional knowledge and practices, innovations, modern bio-technologies, eco-
technologies and socio-technologies as well as using tolerant plants of economical and 
ecological importance many BGs make a substantial contribution to prepare plans for the 
upcoming sixth technological revolution and against the challenges of climate change. 
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Introduction 

The present study aims at reviewing the network of botanic gardens and ar-
boreta (BGs) (Fig. 1) and their comprehensive resources, as well as contributing 
to our understanding of their significance for the nature and for contemporary so-
ciety in general. The research focused on past, present and future roles of BGs as 
ecological and social resources for human well-being and for an ecological resto-
ration. 

The objective of this article was to analyse how the roles played by BGs for 
the society and for nature had been changing during the decades of socio-
economic development. 

Materials and methods 

In this paper, the following terms have the following meanings:  
1. «Botanic garden or arboretum» (BGs) means an institution and territory 

maintaining documented collections of living and/or preserved plants for purposes 
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such as scientific research, conservation, sustainable use, display and education 
[8; 2]. 

2. «Ecological resource» means a source or supply of ecological importance 
from which benefit is produced and required by living organisms for sustainable 
normal coexistence of nature and human well-being. Ecological resource defini-
tion is both, nature-centered and human-centered (biocentric, ecocentric, anthro-
pocentric) [5; 3; 6]. 

The research program included predominantly three main methodological 
approaches and methods: 1) gathering qualitative data from the field through spe-
cial study visits to more than 200 BGs in 32 countries worldwide; 2) a compiling 
a comprehensive bibliography as well as collecting personal correspondence and 
private interviews; 3) a collecting materials available in data bases and archival 
documents from different BGs, their networks and relative international and na-
tional institutions, including the BGCI (Botanic Gardens Conservation Interna-
tional).  
 

 

Fig. 1. Distribution of the botanic gardens and arboreta in the world (the map prepared 
using the BGCI data base, 2011, http://www.bgci.org/. Courtesy Dr. Diana Wyse-Jackson) 

 
Results and discussion 

The trends observed during last three hundred years and especially in recent 
years demonstrate an accelerated growth and development of many types of new 
BGs in developing countries, while the existing gardens in developed countries 
are undergoing a major renovation. Analysis of the dynamics of the world BGs 
for the period 1700–2009 suggests that active growth in their number coincided 
with scientific and technological revolutions and periods of fast economic and 
cultural development as well as accelerated urban development in the second half 
of the 19th century. 
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Growth and development of modern BGs are connected mainly with the 
level of urban development but obviously not with just rural way of living (Fig. 2, 
3; Table 1). The dynamics of the number of BGs was connected mainly with the 
processes of growth and development of the urban population, i.e. with the ur-
banization as a stage of civilization development. Thus, the main objectives of 
tangible and intangible resources of BGs is to maintain life supporting functions 
of natural systems necessary for sustainable urban development 

Table 1 
Correlation between number of BGs and a total/urban population in different countries 

Correlation coefficient of BGs numbers: 
Country 

Number of BGs  
(in the year 2009) With total population With urban population 

Australia 98 0.979 0.981 

Brazil 19 0.983 0.976 

Canada 40 0.987 0.982 

China 45 0.985 0.902 

Germany 69 0.975 0.994 

India 60 0.945 0.923 

Japan 41 0.991 0.997 

Malaysia 9 0.950 0.918 

Russia 88 0.978 0.980 

S.Africa 19 0.956 0.919 

U.K. 61 0.938 0.969 

USA 396 0.985 0.992 

 
Therefore, highly developed countries, where there are sufficient condi-

tions and financial resources, have developed very strong traditions of BGs 
construction and management. The focus in these countries is in the improve-
ment of quality of life of the citizens provided via the development of ecologi-
cally sound environment in cities. BGs in the developing and underdeveloped 
countries are, first of all, research institutions and plant nurseries. They help to 
supply the local population with seeds/seedlings for city greening and for pri-
vate gardens as well as to carry out numerous educational functions, providing 
basic horticultural and ecological knowledge necessary for the survival. The 
maintenance of environmental quality and sustainable use of biological re-
sources is beneficial for development of eco-tourism connected with the pro-
tection of rare and endangered plants and animals, with the building of infra-
structure, which, in turn, creates new jobs in the region. 
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Fig. 2. Examples of trends of the BGs number dynamics in relation to the to-

tal population growth and urban population growth in the years 1700–2009 
 

 
 
Fig. 3. Correlation between botanic gardens number and urban population in Russia 

and the USA (for the period of years 1700–2009) 
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The entire set of the BGs resources is designed to recreate the natural condi-
tions in the urban environment, to maintain and improve the health of people with 
beautiful, green environment, smoothing the excess stress, providing organized 
leisure and recreation in open spaces or indoors. The key roles of modern BGs is 
associated with the formation of a healthy and secure environment in urbanized 
territories through four cross-disciplinary cornerstones of functions (Fig. 4): Sci-
entific research, Conservation, Commercialization of innovations, and Education. 
Therefore the proposed vector model of the BGs (Fig. 4) describing the flow of 
resources could be an excellent methodological tool for the qualitative analysis 
and practical implications in order to improve the impact of BGs on both, the na-
ture (biodiversity) and society (market economy). The main purpose of tangible 
and intangible resources of BGs is to maintain life-supporting functions of natural 
systems needed for sustainable urban development, environmental and social se-
curity in the country and the world, to improve the environment and human well-
being. 

 

 

Fig. 4. The vector model of a Botanic Garden (or Arboretum) positioning as an ac-
tive interface in a circulation of tangible and intangible resources and functions between 
the nature (biodiversity) and human society (market economy) based on four functional 
cross-disciplinary cornerstones: Scientific research, Education, Conservation, and Com-
mercialization of Innovations (modified from [2]) 
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Conclusions 

Each country has its own definition of a BGs and its functions in connection 
with the socio-economic development. For example, BGs for an economically 
prosperous country are mainly recreational, environmentally-friendly green parks 
where everything is focused on the needs of visitors to communicate with nature 
through contact with plants. This paper explains how BGs became economically 
and socially important institutions and lands through the development of ecologi-
cally significant resources (tangible and intangibles ones based on diverse plant 
collections, landscaped gardens, educational and social technologies, scientific 
research and knowledge) and cross-disciplinary approaches for public-private 
partnership. All the efforts, the expertise and research potential is aimed at im-
provement of human well-being and preservation of plants and environment. The 
modern BGs is a protected green area holding documented collections of living 
plants and landscaped gardens where the managing company creates resources for 
scientific research, education and outreach programs, public displays of plants, 
garden specimens and technologies for biodiversity conservation, plant produc-
tion and services based on plants, their derivatives and knowledge about them [5]. 
Therefore, the mission of the global network of modern BGs is associated with 
the transformation of their tangible and intangible resources for the purposes of 
biodiversity conservation and well-being improvement of the society as a whole 
as well as individuals, including the improvement in their environmental educa-
tion [7]. 

In the conditions of economic crisis and climate change, BGS are playing a 
role of anti-crisis instruments and ecological resources for the sixth technological 
wave (Table 2): 

a) to provide people with economically significant plant resources; 
b) to help the poverty alleviation and to provide knowledge and survival 

skills through the introduction of environmental innovations, technologies and 
new demanded plants; 

c) to help address an ecological illiteracy; 
d) to contribute to the environment-friendly and healthy lifestyles in urban 

areas; 
e) to serve as one of the most inexpensive tools for social adaptation and re-

habilitation using the horticultural therapy; 
f) to promote the development of various forms of «green businesses» and 

create new jobs. 
g) to build buffer systems against the climate change and extreme conditions 

based on tolerant plants of economical and ecological importance. 
Based on comprehensive plant collections, traditional knowledge and prac-

tices, innovations, and modern bio-technologies, eco-technologies and socio-
technologies as well as using tolerant plants of economical and ecological impor-
tance many BGs make a substantial contribution to prepare plans for the upcom-
ing sixth technological revolution (Table 2) and against the challenges of climate 
change. 
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Table 2 

Botanic gardens as resources of innovations in relation to key technologies of the upcom-
ing sixth technological order (technological revolution) of the 21st century 

Technologies Innovations for/ in botanic gardens 

Bio- and agro-technologies 
Introduction of new economically valuable plant species; 
plants for adaptation against climate change; urban farm-
ing and gardening; industrial and home hydroponics 

Nanotechnology 
Genetic manipulations (GMOs); production of new mate-
rials and molecular structures 

Eco-technologies 
Ecological restoration; plant conservation; biosafe con-
struction materials; city greening; adaptation and rehabili-
tation approaches for a space exploration 

New educational technolo-
gies for human development 

Horticultural therapy; multidiscliplinary and cross-
disciplinary approaches for human competence develop-
ment; continuous and extended education for all genera-
tions 

High humanitarian technolo-
gies for individuals and or-
ganizations 

Horticultural therapy; promotion of civil society devel-
opment; cross-disciplinary approaches for improvement 
of human well-being, poverty alleviation 

New medicine Medicinal plants and plant-based products and derivatives 

High environmental 
technologies 

Development of new plant varieties; air and water clean-
ing systems; treatment and transformation of wastes 

Clean energy technologies 
Plants as energy sources; non-traditional approaches for 
energy transformation and accumulation in plants 

Biofuels Energy forest; new plant-based biofuels 

Urban technologies 
City greenification; «smart» city; city design and beautifi-
cation; urban farming; “eco-logical city” planning; green 
roofs; vertical gardening 

Construction materials Biosafe materials; mobile and growing constructions 

Reconstruction of living 
matter 

Plants as a sources and objects for genetic manipulations 

Social technologies 
Promotion of civil society development; horticultural 
therapy and social adaptation; plants for human adapta-
tion in extreme conditions 

 
Our studies based on a special research of the BGs networks in 153 countries 

showed that the better the coordination of the reciprocal connections and circula-
tion of resources between natural resources and society, the greater the environ-
mental, social and cultural role which BGs play in the community and market 
economy [1; 4]. Accordingly, the higher the human development potential index 
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of the country, the more active the society’s involvement in conservation and eco-
logical restoration of the natural heritage. So the relevance of the present research 
topic is due to the need of revising the traditional view on past, present and future 
roles of many BGs. The value of BGs ecological resources is very promising es-
pecially for the sixth technological wave in 21st century. 
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Ботанические сады как экологические ресурсы  
инновационного технологического развития 

В. Я. Кузеванов, Е. В. Губий 
Иркутский государственный университет, Иркутск 

Аннотация. Исследование, посвящённое изучению многолетней динамики и осо-
бенностей развития ботанических садов мира, показало их постепенную трансфор-
мацию в инновационные междисциплинарные центры коллективного пользования 
для научных исследований, образования, охраны природы и биоразнообразия, соци-
альных услуг и коммерциализации в ходе глобальной урбанизации. Была предло-
жена новая векторная модель позиционирования ботанического сада между приро-
дой и сообществом. Благодаря государственно-частному партнерству и обществен-
но-государственной поддержке, ботанические сады становятся уникальными мно-
гофункциональными экологическими ресурсами путём расширения своих целевых 
групп влияния, вовлечённости в удовлетворение социальных потребностей и эколо-
гических проблем. Они основываются на богатых коллекциях растений, традицион-
ных знаниях и практиках, инновациях, современных биотехнологиях, эко- и соци-
альных технологиях. Благодаря растениям, а также всему комплексу материальных 
и нематериальных ресурсов, ботанические сады во многом вносят вклад в адапта-
цию человечества к климатическим изменениям и к продвижению предстоящего 
шестого технологического уклада. 

Ключевые слова: ботанический сад, дендрарий, экологические ресурсы, биотехно-
логия, университет, экология, охрана окружающей среды, урбанизация, биоразно-
образие, инновации, коммерциализация, образование, исследование, урбанизация, 
информирование общественности, сеть, технологический уклад. 
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