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A wide range of crop genetic resources is vital for future food security. 
Loss of agricultural biodiversity increases the risk of relying on a limited 
number of staple food crops. However, many laws, such as seed laws, 
plant var ieties protection and access and benefit-sharing laws, have direct 
impacts on agrobiodiversity, and their effects have been severely under-
estimated by policy-makers. This is of concern not only to lawyers, but also 
to agronomists, biologists, and social scientists, who need clear guidance 
as to the relevance of the law to their work. This book analyzes the impact 
of the legal system on agrobiodiversity (or agricultural biodiversity) – the 
diversity of agricultural species, varieties, and ecosystems. Using an inter-
disciplinary approach, it takes up the emerging concept of agrobiodiversity 
and its relationship with food security, nutrition, health, environmental 
sustainability, and climate change. It assesses the impacts on agrobio-
diversity of key legal instruments, including seed laws, the International 
Convention for the Protection of New Varieties of Plants, plant breeders’ 
rights, the Convention on Biological Diversity (regarding specifically its 
impact on agrobiodiversity), and the International Treaty on Plant Genetic 
Resources for Food and Agriculture. It also reviews the options for the 
implementation of these instruments at the national level in several coun-
tries. It discusses the interfaces between the free software movement, the 
‘commons’ movement, and seeds, as well as the legal instruments to protect 
cultural heritage and their application to safeguard agrobiodiversity-rich 
systems. Finally, it analyzes the role of protected areas and the possibility 
of using geographical indications to enhance the value of agrobiodiversity 
products and processes.

Juliana Santilli is a lawyer and public prosecutor in the Federal District 
of Brazil, specialized in Environmental and Cultural Heritage Law and 
Public Policies. She has a PhD in Environmental Law, and is an associate 
researcher in Environmental Law at the University of Brasília Center for 
Sustainable Development. She is a co-founding member of the Brazilian 
civil society organization Instituto Socioambiental.





publishing for a sustainable future

AGROBIODIVERS ITY 
AND THE LAW

Regulating genetic resources, food 
security and cultural diversity

Juliana Santilli



First edition published 2012
by Earthscan
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

Simultaneously published in the USA and Canada
by Earthscan
711 Third Avenue, New York, NY 10017

Earthscan is an imprint of the Taylor & Francis Group, an informa 
business

© 2012 Juliana Santilli

The right of the author to be identified as author of this work has 
been asserted by her in accordance with sections 77 and 78 of the 
Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this book may be reprinted or 
reproduced or utilised in any form or by any electronic, mechanical, 
or other means, now known or hereafter invented, including 
photocopying and recording, or in any information storage or 
retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks 
or registered trademarks, and are used only for identification and 
explanation without intent to infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging in Publication Data
A catalog record for this book has been applied for

ISBN: 978–1–84971–372–6 (hbk)
ISBN: 978–0–203–15525–7 (ebk)

Typeset in Sabon by Prepress Projects Ltd, Perth, UK



v

Conten t S

About the author xi
Preface xiii
Acknowledgements xv
Acronyms and abbreviations xvii

1 Agrobiodiversity: a concept under construction 1

2 Agrobiodiversity and food security, nutrition, health, and 
environmental sustainability 15

3 Agrobiodiversity and climate change 23

4 Seed laws: the paradigms of industrial agriculture, 
traditional/local agricultural systems, and agrobiodiversity 43

Seed laws in Latin American countries 47
The Brazilian seed law and traditional, local, and creole plant 

varieties 50
The European directives on conservation varieties, the Italian 

regional laws, and seed laws in Switzerland and Norway 59

5 the Convention for the Protection of new Varieties of 
Plants and the UPoV system: the protection of intellectual 
property rights over plant varieties 77

History 77
The UPOV Convention: main concepts 80
The Agreement on Trade-Related Aspects of Intellectual 

Property Rights (TRIPS) of the World Trade Organization 
(WTO) 82

US patents on plant varieties: utility patents and plant  
patents 85



C ONTENTS

vi

No European patents for essentially biological breeding 
processes: the broccoli and the tomato cases 88

The 1978 and 1991 Acts of the UPOV Convention:  
main differences 91

Some countries that said no to UPOV 94
Patents and the UPOV system: compulsory cross-licenses 98

6 Access and benefit-sharing laws and plant genetic resources 
for food and agriculture: the international legal  
regime 105

Historical background: FAO conferences in 1961, 1967, and 
1973 – discussions on ex situ and in situ conservation of 
plant genetic resources 105

The International Undertaking on Plant Genetic Resources 110
The Convention on Biological Diversity and agriculture 113
The International Treaty on Plant Genetic Resources for Food 

and Agriculture 118
The Nagoya Protocol and its interfaces with the FAO 

Treaty and other specialized access and benefit-sharing 
agreements 148

7 options for the implementation of the international treaty 
on plant genetic resources for food and agriculture at the 
national level 167

Access and benefit-sharing: in situ plant genetic resources for 
food and agriculture 167

Access and benefit-sharing regimes for plant genetic resources 
for food and agriculture not included in the multilateral 
system and national benefit-sharing funds 169

Plant genetic resources for food and agriculture held by state 
and provincial institutions 171

The special legal regime of plant genetic resources found 
in the territories of Indigenous peoples and other ethnic 
minorities 171

Brazilian access and benefit-sharing law and plant genetic 
resources for food and agriculture 173

Peruvian access and benefit-sharing law and plant genetic 
resources for food and agriculture 184

A comparison between the Brazilian and the Peruvian access 
and benefit-sharing laws, in relation to plant genetic 
resources for food and agriculture 191



vii

C ONTENTS

8 Farmers’ rights 200

Historical background 200
Farmers’ rights to save, use, exchange, and sell farm-saved seeds 

and other propagating materials 210
Use of commercial plant varieties as a source of diversity 

in farmers’ breeding: extending the breeders’ privilege to 
farmers 212

Protection of traditional knowledge and collective benefit-
sharing mechanisms 215

Participatory plant breeding 219
Farmers’ political participation 223
India’s Protection of Plant Varieties and Farmers’ Rights Act 

and the new Indian Seeds Bill 225
Farmers’ rights in the African Model Law and in the Ethiopian 

Proclamations 229

9 Animal genetic resources for food and agriculture: access 
and benefit-sharing and livestock keepers’ rights 240

10 the open source software movement, the commons 
movement and seeds: what they have in common – 
biological open source and protected commons 257

11 Agrobiodiversity and cultural heritage law 271

Cultivated plants as cultural artifacts: “agriculture” 271
The UNESCO Convention for the Safeguarding of Intangible 

Cultural Heritage: interfaces with agrobiodiversity and food 
diversity 271

Registry of Intangible Cultural Heritage and Agrobiodiversity-
Rich Systems in the Brazilian Amazon: a new perspective for 
the safeguarding of traditional agricultural systems 276

Recognition of traditional knowledge associated with maize 
diversity and of local foods as intangible cultural heritage in 
Peru 281

The UNESCO Convention for the Protection of the World 
Cultural and Natural Heritage and the concept of “cultural 
landscapes” 283

“Cultural landscapes” and the safeguarding of traditional 
agricultural systems in the Philippines, Cuba, Hungary, 
Sweden, and Brazil 287



C ONTENTS

viii

Globally Important Ingenious Agricultural Heritage Systems 
(GIAHS): general overview of pilot agroecosystems in 
Peru, Chile, the Philippines, Magreb (Algeria, Morocco, and 
Tunisia), China, Kenya, and Tanzania 289

GIAHS, Amazonian dark earths, and agrobiodiversity 292

12 Agrobiodiversity and protected areas 301

13 Geographical indications for agrobiodiversity products?: 
case studies in France, Mexico, and Brazil 314

 Conclusions 335

Index 343



ix

tAB le S

 5.1  Forms of IP protection for plant varieties in the United  
States  86

 5.2  Main differences among the 1978 and 1991 UPOV Acts 
and the patent system 96

 6.1  Main differences between the CBD bilateral regime and the 
multilateral system (FAO Treaty) 124

 6.2  List of crops covered under the multilateral system (Annex 
I of the Treaty): food crops  131

 6.3  List of crops covered under the multilateral system (Annex 
I of the Treaty): forages  132





xi

AB o U t  t H e  AU t H o R

Juliana Santilli is a lawyer and a public prosecutor in the Federal District 
of Brazil, specialized in Environmental and Cultural Heritage Law and 
Public Policies. She has a PhD in Environmental Law, and has participated 
in research programs in both Brazil and internationally. She is also an 
associate researcher in Environmental Law at the University of Brasília, 
Center for Sustainable Development, and is a co-founding member of the 
Brazilian civil society organization Instituto Socioambiental (ISA; www.
socioambiental.org).

Juliana Santilli is the author of two books: Socio-environmentalism and 
New Rights: Legal Protection of Biological and Cultural Diversity (São Paulo: 
Peirópolis/ISA/IEB, 2005) and Agrobiodiversity and Farmers’ Rights (São 
Paulo: Peirópolis, 2009). She has also organized and co-authored the book, 
Indigenous Peoples and the Law (Brasília: Núcleo de Direitos Indígenas). 
She has also published several articles on environmental and cultural herit-
age law and public policies, in Portuguese, English, French, and Spanish.

Juliana is associated with the multidisciplinary research program “Local 
communities, agrobiodiversity and traditional knowledge in the Brazilian 
Amazon,” developed by Institut de Recherche pour le Développement 
(IRD) and University of Campinas (Unicamp). She graduated from Law 
School (Federal University of Rio de Janeiro) in 1988 and became a public 
prosecutor, in the Federal District of Brazil, in 2000. In 2004, she obtained 
a master’s degree in Public Law (University of Brasília, Brazil), and in 2009 
she obtained a PhD in Environmental Law (Catholic University of Paraná, 
Brazil).

She was the rapporteur of the Working Group on Traditional Knowledge 
and Biodiversity, created by the Brazilian Genetic Resources Management 
Council, which is responsible for the implementation of the Brazilian access 
and benefit-sharing national legislation (in accordance with the Convention 
on Biological Diversity). She was also a legal advisor for GTZ (now GIZ, 
the German Technical Cooperation) on legal issues relating to Indigenous 
peoples and environmental resources, in the context of the elaboration 
of the Indigenous component of the Pilot Programme for the Protection 

http://www.socioambiental.org
http://www.socioambiental.org


ABOUT THE AUTHOR

xii

of Tropical Forests in Brazil (PP-G7), and a legal advisor for the World 
Wildlife Fund (WWF) in Brazil, advising on Environmental Law and Legal 
Protection to Brazilian Wetlands (Pantanal). She was also a legal advisor for 
the Green Protocol Program, developed by the Secretariat of Sustainable 
Development Policies/Ministry of Environment – Brazil.

Juliana is also a member of the council of the Brazilian civil society 
organization Instituto Internacional de Educação do Brasil (IEB; www.iieb.
org.br).

http://www.iieb.org.br
http://www.iieb.org.br


xiii

P ReFACe

Loss of agricultural diversity, at varying levels, is associated with the 
industrialization of agriculture, particularly after the Green Revolution, 
and cannot be attributed to legal systems only. However, many laws and 
regulations have direct impacts on agrobiodiversity, and these have been 
underestimated and sometimes not even considered by policy-makers and 
legislators. Agrobiodiversity and associated cultural diversity are major 
values that must be encompassed in all regulations that affect biological, 
genetic, and agroecosystem diversity.

The main objective of this book is to analyze the impacts that inter-
national and national legal instruments have on agrobiodiverse farming 
systems and on the local small-scale farmers who conserve and manage 
them. However, before analyzing legal instruments in themselves, we dis-
cuss what agrobiodiversity is, and show its important interfaces with food 
security, nutrition, health, social equity, environmental sustainability, and 
climate change. Understanding the multiple connections and implications 
of agrobiodiversity is essential to comprehend why it is so important that 
agricultural and rural development laws prioritize its conservation and 
sustainable use.

The book analyzes seed production, utilization, and sales laws, IP rights 
over plant varieties (and the so-called plant breeders’ rights), farmers’ 
rights, livestock keepers’ rights, and access and benefit-sharing regulations 
and their impacts on plant and animal genetic resources for food and agri-
culture, among others. On the other hand, it shows that some legal tools 
that were not conceived primarily for agrobiodiversity conservation can 
also be used for this purpose, such as biological open source and creative 
commons, protected areas, and geographical indications. Positive and nega-
tive effects in different countries are also discussed.

We comprehend crops and agroecosystems as cultural artifacts, made 
and molded by man as much as ceramics, buildings, monuments, and other 
works of art. Therefore, the book discusses how legal instruments con-
ceived to safeguard cultural heritage can also be used to recognize and 
promote agrobiodiverse farming systems and all of their components, both 
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tangible (such as landscapes and cultivated plants) and intangible (agri-
cultural techniques, practices, and knowledge), as well as the social and 
cultural processes that maintain and enrich them. Intangible cultural herit-
age registries and cultural landscapes recognition and protection, as well 
as the safeguarding of globally important ingenious agricultural heritage 
systems, are analyzed from the perspective of agrobiodiversity conservation 
and sustainable use.

Historically, public policies have focused mainly on wild biodiversity, 
and cultivated biodiversity has received very little attention not only from 
public officials but also from environmentalists, civil society organizations, 
and the general public. However, protecting species and varieties of maize, 
rice, beans, wheat, etc., as well as the diversity of agroecosystems, is no less 
important than saving the Amazon rainforest and threatened wild species 
such as panda bears, birds, turtles, etc. It is my sincere hope that this book 
will contribute to the development of more effective policies, legislation, 
and regulations governing in situ and on-farm management of agrobiodi-
versity, as well as for the protection of farmers’ and livestock keepers’ rights.

Juliana Santilli
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AGROBIODIV E RS ITY
A concept under construction

The concept of “agrobiodiversity” emerged in the past 10–15 years, 
in an interdisciplinary context that involves various areas of knowledge 
(agronomy, anthropology, ecology, botany, genetics, conservation biology, 
etc.). It reflects the dynamic and complex relations among human societies, 
cultivated plants, and domestic animals and the ecosystems in which they 
interact. Agrobiodiversity is directly associated with food security, health, 
social equity, hunger alleviation, environmental sustainability, and rural 
sustainable development.

Biodiversity or biological diversity – the diversity of life forms – 
covers three degrees of variability: diversity of species, genetic diversity 
(variability within the set of individuals of a given species), and ecological 
diversity, referring to different ecosystems and landscapes. The same is 
true of agrobiodiversity, which comprises the diversity of species (differ-
ent species of cultivated plants, such as maize, rice, pumpkins, tomatoes, 
etc., called interspecific diversity), genetic diversity within a given species 
(different varieties of maize or beans, etc., called intraspecific diversity), 
and the diversity of cultivated ecosystems or agroecosystems1 (agroforestry 
systems, shift cultivation, home gardens, rice paddy fields, etc.). Local 
knowledge and culture are also integral parts of agricultural biodiversity, 
since it is agriculture, a human activity, that conserves biodiversity. Most 
crops have lost their original seed dispersal mechanisms as a result of 
domestication and so can no longer thrive without human input (Cromwell 
et al., 2003). Agrobiodiversity, or agricultural diversity, is an important 
part of biodiversity and encompasses all the elements which interact in 
agricultural production, including all crops and livestock and their wild 
relatives, and all interacting species of pollinators, symbionts, parasites, 
pests, predators, and competitors, and the genetic diversity within them 
(Qualset et al., 1995). According to Cromwell et al. (2003), agricultural 
biodiversity includes (1) higher plants: crops, wild plants harvested and 
managed for food, trees on farms, and pasture and rangeland species; (2) 
higher animals: domestic animals, wild animals hunted for food, etc., wild 



AGROBIODIVERS ITY

2

and farmed fish; (3) arthropods: mostly insects including pollinators (e.g., 
bees, butterflies), pests (e.g., wasps, beetles), and insects involved in the 
soil cycle (notably termites); (4) other macro-organisms (e.g., earthworms); 
(5) micro-organisms (e.g., rhizobia, fungi, disease-producing pathogens). 
Agrobiodiversity’s functions are related to sustainable production of food 
and other agricultural products, including providing the building blocks for 
the evolution or deliberate breeding of useful new crop varieties; biological 
support to production by means of, for example, soil biota, pollinators, 
and predators; and wider ecological services provided by agroecosystems, 
such as landscape protection, soil protection and health, water cycling and 
quality, and air quality (Cromwell et al., 2003).

According to Harold Brookfield (2001, p. 46), agrobiodiversity is the 
“dynamic variation in cropping systems, output and management practice 
that occurs within and between agroecosystems. It arises from biophysi-
cal differences, and from the many and changing ways in which farmers 
manage diverse genetic resources and natural variability, and organize their 
management in dynamic social and economic contexts.” Brookfield (2001, 
p. 41) defines management diversity as all methods of managing the land, 
water, and biota for crop production and maintaining soil fertility and 
structure. Local knowledge, constantly modified by new information, is 
the foundation of this management diversity, as with agrobiodiversity. For 
Brookfield (2001, p. 41), biophysical diversity includes soil characteristics 
and their qualities and the biodiversity of natural (or spontaneous) plant 
life and the faunal and microbial biota. Organizational diversity is often 
called the socioeconomic aspect of agriculture. It includes diversity in the 
manner in which farms are owned and operated and in the use of resource 
endowments and the farm workforce. Elements include labor, household 
size, the differing resource endowments of households, and reliance on 
off-farm employment. Also included are age group and gender relations 
in farm work, dependence on the farm as compared with external sources 
of support, the spatial distribution of the farm, and differences between 
farmers in terms of access to land. Organizational diversity underpins and 
helps explain management diversity and its variation between particular 
farms, communities, and societies. According to Brookfield (2001, p. 44), 
no agricultural system can be understood independently from the manner 
in which farms are organized and the forces that interact to shape this 
organization.

Agrobiodiversity is generally associated with crops (cultivated plants). 
However, Cromwell et al. (2003) point out that wild species2 are impor-
tant nutritionally and culturally. Foods from wild species form an integral 
part of the daily diets of many rural households. Livestock diversity is also 
an important component of agrobiodiversity. Domesticated animals pro-
vide people not only with food but also with clothing, fertilizer and fuel 
(from manure), and draft power. Social and cultural forces are often the 
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most important factors in diversifying livestock (and livestock production 
systems) and in developing distinctive breeds. Most local livestock breeds 
in rural environments are products of a community of breeders, and the 
effective management of animal genetic diversity is essential to global food 
security and sustainable development.

The Food and Agriculture Organization’s (FAO’s) Global Databank for 
Animal Genetic Resources for Food and Agriculture identified a total of 
7,616 livestock breeds. Such diversity has enabled farmers and pastoral-
ists to adapt to local environmental conditions and to meet specific social 
and cultural needs, as well as to inhabit a wide range of production envi-
ronments from hot humid tropics to arid deserts and cold mountainous 
regions. Genetic diversity also allows livestock to adapt to diseases, para-
sites, and wide variations in the type and availability of food and water. 
Yet livestock diversity is at risk. According to the Report on the State of the 
World’s Animal Genetic Resources for Food and Agriculture,3 approximately 
20 percent of the cow, goat, pig, horse, and bird breeds in the world are 
threatened with extinction, and in the past six years 62 breeds of domestic 
animals have become extinct, which represents a loss of nearly one race 
per month. In 2000, FAO (FAO, 2000) estimated that, of the 3,831 breeds 
of cows, buffalo, goats, pigs, sheep, horses and donkeys believed to have 
existed in the twentieth century, 16 percent had already become extinct 
and a further 15 percent were at risk of extinction. The most significant 
threat to livestock diversity is the marginalization of traditional produc-
tion systems and the associated local breeds, driven mainly by the rapid 
spread of intensive livestock production, often large-scale and utilizing a 
narrow range of breeds (Report on the State of the World’s Animal Genetic 
Resources for Food and Agriculture).

Cromwell et al. (2003) also highlight the importance of aquatic diver-
sity as a component of agrobiodiversity. Fish and other aquatic species 
are integral parts of several important farming systems. For example, in 
the tropical rice–fish systems of Asia, fish from rice paddies may provide 
as much as 70 percent of dietary protein. Another important component 
of agrobiodiversity is the underground biodiversity: roots bring nutrients 
and water to plants and stabilize the soil against erosion and soil move-
ment on steep slopes and, in tropical systems, the contribution of roots to 
soil organic matter is proportionately larger than the contribution from 
above-ground inputs. Microbial diversity is also relevant to agricultural 
biodiversity, as microbes contribute a wealth of gene pools that can be 
sources of material for transfer to plants to achieve traits such as stress 
tolerance and pest resistance, and large-scale production of plant metabo-
lites. The diversity of insects (such as bees and other pollinators), spiders, 
and other arthropods (grasshoppers, etc.) is another important component 
of agrobiodiversity, since they often act as natural enemies of crop pests. 
Finally, there is increasing realization of the importance of agricultural 
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biodiversity at the ecosystems level. An ecosystem consists of a dynamic 
complex of plant, animal and micro-organism communities and their 
living environment interacting as a functional unit. That is why agrobio-
diversity at the ecosystems level is sometimes referred to as “functional 
agricultural biodiversity”: that which is necessary to sustain the ecological 
function of the agroecosystem, its structures, and processes in support 
of food production (Cromwell et al., 2003). In this book, we shall focus 
mainly on the diversity of cultivated plants and agroecosystems, and on 
livestock diversity, more than on other components of agricultural bio-
diversity, since they are the mostly regulated components of agricultural 
biodiversity, and the purpose of the book is to analyze impacts of legal 
instruments on agrobiodiversity.

The Convention on Biological Diversity (CBD)4 does not contain a defi-
nition of agrobiodiversity, but, according to Decision V/5, adopted during 
the Fifth Conference of the Parties of CBD (COP-5), “agricultural biodi-
versity is a broad term that includes all components of biological diversity 
of relevance to food and agriculture, and all components of biological 
diversity that constitute the agroecosystem: the variety and variability of 
animals, plants and microorganisms, at the genetic, species and ecosystem 
levels, which are necessary to sustain key functions of the agroecosystem, 
its structure and processes.” Agricultural biodiversity has the following 
dimensions (according to Decision V/5):

1 Genetic resources for food and agriculture, including (a) plant genetic 
resources, including pasture and rangeland species, and genetic resources 
of trees that are an integral part of farming systems; (b) animal genetic 
resources, including fishery genetic resources, in cases where fish pro-
duction is part of the farming system, and insect genetic resources; and 
(c) microbial and fungal genetic resources. These constitute the main 
units of production in agriculture, including cultivated species, domes-
ticated species, and managed wild plants and animals, as well as wild 
relatives of cultivated and domesticated species.

2 Components of agricultural biodiversity that provide ecological services. 
These include a diverse range of organisms in agricultural production 
systems that contribute, at various scales, to inter alia: (a) nutrient 
cycling, decomposition of organic matter and maintenance of soil fertil-
ity; (b) pest and disease regulation; (c) pollination; (d) maintenance and 
enhancement of local wildlife and habitats in their landscape; (e) main-
tenance of the hydrological cycle; (f) erosion control; and (g) climate 
regulation and carbon sequestration.

3 Abiotic factors which have a determining effect on these aspects of agri-
cultural biodiversity.

4 Socioeconomic and cultural dimensions, since agricultural biodiversity 
is largely shaped by human activities and management practices. These 
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include (a) traditional and local knowledge of agricultural biodiversity, 
cultural factors, and participatory processes; (b) tourism associated with 
agricultural landscapes; and (c) other socioeconomic factors.

It is important to understand that a domesticated plant is not the same 
as a cultivated plant. Ethnobotanist Laure Emperaire (2004) explains that 
domestication is an evolutionary process through which a plant moves 
from its wild state – in which there is no human intervention – to a closer 
relation with humans and their agricultural activities. Domestication 
requires modification in the genetic heritage (composition) of the plant. 
As a result of selective cultivation by man, domesticated plants lose certain 
characteristics (which are not interesting for agricultural activities) and 
develop others. Some characteristics of domesticated plants include gigan-
tism (especially of parts of the plant of interest to humans), suppression of 
natural mechanisms of seed dispersion, rapid and uniform seed germina-
tion, etc. Therefore, cultivated plants are not necessarily domesticated, but 
domesticated plants are necessarily cultivated (Emperaire, 2004). In other 
words, wild plants can be cultivated without being domesticated, but the 
inverse is not true: domesticated plants cannot be abandoned in unma-
nipulated landscapes because they have lost their ecological adaptations to 
natural environments.

Jack Harlan (1975) explains that “to domesticate means to bring into the 
household.” According to Harlan (1975), domesticated plants and animals 
have been altered genetically from their wild state and have come to be 
at home with man. He explains that to cultivate means to conduct those 
activities involved in caring for a plant, such as tilling the soil, prepar-
ing a seedbed, weeding, pruning, protecting, watering, and manuring. 
Cultivation is concerned with human activities, whereas domestication 
deals with the genetic response of the plants or animals being tended or 
cultivated. It is therefore possible to cultivate wild plants, and cultivated 
plants are not necessarily domesticated. Harvested plant materials may be 
classified as wild, tolerated, encouraged and domesticated (Harlan, 1975).

According to Charles Clement (1999), plant domestication is a “co-evolu-
tionary process by which human selection on the phenotypes of promoted, 
managed or cultivated plant populations results in changes in the popula-
tion’s genotypes that make them more useful to humans and better adapted 
to human intervention in the landscape.” Human selection may be either 
unconscious or directed, but for plant domestication to take place there 
must be selection and management to cause differential reproduction and 
survival. According to Clement (1999), the degree of change in the targeted 
population can vary:

1 Wild. A naturally evolved population whose genotypes and phenotypes 
have not been modified by human intervention.
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2 Incidentally co-evolved. A population that volunteers and adapts in a 
human disturbed environment, possibly undergoing genetic change, 
but without human selection. Many weeds are examples of incidentally 
co-evolved species, which can also enter the domestication process if 
humans start to select them for their useful traits and start to manage or 
cultivate them.

3 Incipiently domesticated. A population that has been modified by human 
selection and intervention (at the very least being promoted), but whose 
average phenotype is still within the range of variation found in the 
wild population for the trait(s) subject to selection. The variance of this 
average is probably smaller than that of the original wild population, 
however, as selection has started to reduce genetic variability.

4 Semidomesticated. A population that is significantly modified by human 
selection and intervention (at the very least being managed) so that the 
average phenotype may diverge from the range of variation found in 
the wild population for the trait(s) subject to selection. The variance 
of this phenotypic average may be larger than that of the wild popula-
tion, because the phenotypic variation now includes both types that are 
common in the wild population and types that are novel. Underlying 
genetic variability, however, continues to decrease because fewer indi-
viduals meet the selection criteria and are therefore included in the next 
generation. The plants retain sufficient ecological adaptability to survive 
in the wild if human intervention ceases, but the phenotypic variation 
selected by humans will gradually disappear in the natural environment.

5 Domesticated. A plant population similar to those semidomesticated, but 
whose ecological adaptability has been reduced to the point that it can 
only survive in human-created environments, specifically in cultivated 
landscapes. Genetic variability is generally less than in semidomesticated 
plant populations, because of increased selection pressure and loss of 
ecological adaptation. If human intervention ceases, the population dies 
out in short order, depending upon its life history, stature, and the type 
of vegetation that invades the abandoned area. In clonally propagated 
crops, a single genotype may be the domesticate, but also is lost soon 
after it is abandoned.

Clement (1999) also describes “landscape domestication” as “a conscious 
process by which human manipulation of the landscape results in changes in 
landscape ecology and in the demographics of its plant and animal popula-
tions, resulting in a landscape more productive and congenial for humans.” 
According to him, the intensity of manipulation may also vary widely:

1 Pristine. A landscape in which humans have not manipulated plant or 
animal populations.
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2 Promoted. In this category desirable plant populations and individuals 
are encouraged through minimal forest clearance and expansion of the 
forest fringes. Even though there may have been a low level of human 
intervention, the biotic components of this landscape may remain modi-
fied long after humans have abandoned the area.

3 Managed. In this category the abundance and diversity of food and 
other useful plant populations may be further encouraged through par-
tial forest clearance, expansion of the forest fringes, transplanting of 
desirable individual plants or planting of individual seeds, addition of 
amendments to enhance plant growth, and reduction of competition 
from nonuseful plants. Again, the biotic components of this landscape 
may remain long after humans have abandoned the area.

4 Cultivated. This category involves the complete transformation of the 
biotic landscape to favor the growth of one or a few selected food plants 
and other useful populations, through forest clearance and burning, 
localized or extensive tillage, seedbed preparation, weeding, pruning, 
manuring, mulching, and watering in any combination. The biotic com-
ponents of this very artificial landscape do not survive long after human 
abandonment because the changes that favor the growth of the human 
selected populations also favor the growth of weeds and the invasion of 
other secondary forest species; however, it takes a long time to return to 
a natural state. The abiotic transformations practiced in this landscape 
often survive for long periods.

According to Decision V/5 of CBD, the special nature of agricultural 
biodiversity includes the following features:

a Agricultural biodiversity is essential to satisfy basic human needs for 
food and livelihood security.

b Agricultural biodiversity is managed by farmers. Many components of 
agricultural biodiversity depend on this human influence. Indigenous 
knowledge and culture are integral parts of the management of agricul-
tural biodiversity.

c There is a great interdependence among countries on the genetic 
resources for food and agriculture.

d For crops and domestic animals, diversity within species is at least as 
important as diversity between species and has been greatly expanded 
through agriculture.

e Because of the degree of human management of agricultural biodiversity, 
its conservation in production systems is inherently linked to sustainable 
use.

f Nonetheless, much biological diversity is now conserved ex situ in gen-
ebanks or breeders’ materials.
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g The interaction between the environment, genetic resources and man-
agement practices that occurs within agroecosystems contributes to 
maintaining dynamic agricultural biodiversity.

Although the terms “agrobiodiversity” and “agrodiversity” are often 
employed as synonyms, Brookfield and Stocking (1999) hold that agrobio-
diversity and agrodiversity have different meanings. “Agrobiodiversity,” an 
older and more common term, is used to define the biological diversity 
existing in cultivated ecosystems. “Agrodiversity” is a broader expression, 
employed to refer to the many forms with which farmers use the natural 
diversity of the environment for agricultural production, including not only 
the selection of plant species and varieties for cultivation, but also manage-
ment of the soil, water and biota as a whole (Brookfield and Paddoch, 1994). 
Another definition of “agrodiversity” could be “the variety resulting from 
the interaction among the factors which determine agroecosystems: genetic 
resources of plants, biotic and abiotic environments and management prac-
tices” (Almekinders et al., 1995). We prefer to use “agrobiodiversity.”

Agrobiodiversity is essentially a product of human intervention on 
ecosystems, of man’s inventiveness and creativity in the interaction with 
the natural environment. Cultural processes, knowledge, and innovations, 
developed and shared by farmers, are a key component of agrobiodiver-
sity. Species management, cultivation, and selection practices developed by 
farmers throughout the past 10,000 to 12,000 years are responsible, in 
large part, for the enormous diversity of cultivated plants and agroecosys-
tems. All over the world, farmers innovate, experiment, and learn to adapt 
and diversify agricultural practices, and knowledge about biodiversity is 
closely tied to diverse and dynamic cultural beliefs, customs, and practices. 
Therefore, agrobiodiversity cannot be treated separately from the cultural 
and socioeconomic processes and contexts which determine it.

According to Brookfield (2001, pp. 21, 286) the adaptive dynamism of 
agrobiodiversity is its most essential property for survival, and for restora-
tion of what has been lost. “Centrally important (to agrobiodiversity) is the 
internal dynamism of so many small-farming systems, yielding a constantly 
changing patchwork of relationships between people, plants and the envi-
ronment,” according to him.

Farmers adapt to difficulties and to opportunities, and learning and 
experimenting processes are constantly renewed. There are societies that 
adapt rice varieties to aquatic cultivation, submerged in water, in humid 
regions, while others adapt rice varieties for cultivation in dry regions. 
Different varieties of maize can be used for eating directly from the cob, for 
feeding animals, for making popcorn and flour, or to brew beer. They can 
also be used for ornamental (especially those with colorful pigmentation), 
medicinal, or religious purposes. Agronomist Jack Harlan (1975, p. 164) 
says that he once noticed that an Ethiopian farmer selected crook-necked 
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sorghum varieties from his field. On asking the farmer the reason for this, 
he replied that such varieties were easier to hang from the tukel roof. (In 
Ethiopia, it is common to store seed inside the house [tukel] above the 
hearth, where the smoke from the kitchen fires provides some protection 
from weevils.) Other farmers selected sorghum varieties with a sweet taste 
for chewing. Other varieties of sorghum were set apart for making bread 
and beer, and the varieties with more resistant fibers were used to make bas-
kets and as construction materials. The same species can be used for food 
or medication, and different parts of the same plant can also serve distinct 
purposes. Plants are also used in religious rituals and ceremonies, and many 
different names may be given to the same species by different local commu-
nities. Agricultural diversity can also be expressed both in characteristics 
visible to the human eye, such as variations in color, shape, or height or in 
the size and shape of the leaves, and in genetic variations, such as resist-
ance to droughts, pests, and diseases, nutritional value, etc., and losses are 
hard to assess with precision. Extinction of agricultural knowledge is even 
harder to assess.

Even if the losses cannot be precisely estimated, agricultural diversity 
is threatened, and it constitutes the basis for survival of rural populations, 
particularly those of lower income. The First Report on the State of the 
World’s Plant Genetic Resources for Food and Agriculture, presented during 
the Fourth International Technical Conference on Plant Genetic Resources, 
held in Leipzig, Germany, from June 17 to 23, 1996, was an important 
warning for the genetic and cultural erosion provoked by modern agricul-
tural systems. The report, published by FAO in 1998, was the first global 
and systematic assessment of the state of conservation and use of global 
plant genetic resources. According to the report, in the past hundred years, 
farmers lost between 90 percent and 95 percent of their agricultural varie-
ties. The report goes further:

1 In South Korea, only one-fourth of the 14 native plant varieties grown 
in gardens in 1985 were still in existence in 1993. Only 20 percent of 
maize varieties which existed in Mexico in the 1930s exist today.

2 In the United States, 95 percent of cabbage varieties, 94 percent of pea 
varieties, and 81 percent of tomato varieties ceased to exist in the past 
century. Of the 7,098 varieties of apples in existence between 1804 and 
1904, 86 percent no longer exist.

3 In China, of the 10,000 varieties of wheat used in 1949, only 1,000 
were still used in the 1970s. Up until the 1970s, approximately 5,000 
rice varieties were grown in India, of which only 500 still exist, and 
between 10 and 20 varieties take up most of the Indian farmland.

Loss of agricultural biodiversity is caused mainly by the replacement 
of local and traditional varieties, which are characterized by large genetic 
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variability, by “modern” varieties, with high yields and narrow genetic 
bases. According to the report, this is the main cause of genetic erosion 
(mentioned in 81 percent of the national reports presented by participating 
countries). Both species and varieties derived from these species have disap-
peared, and this is not limited to species domesticated by humans, as wild 
relatives continue to disappear as a result of rapid devastation of natural 
ecosystems. In some cases, disappearance of a variety may not necessarily 
lead to loss of genetic diversity, as its genes may exist in other varieties as 
well, but varieties themselves represent a unique combination of genes, with 
equally unique value and utility. It is also estimated that loss of a plant can 
cause disappearance of 40 types of animals and insects that depend on it 
for survival, in addition to singular genetic combinations and molecules 
(Kloppenburg and Kleinman, 1987).

The Second Report on the State of the World’s Plant Genetic Resources 
for Food and Agriculture was launched by FAO in 2009, and published 
in 2010.5 Its main objective was to update the first report, to assess the 
status and trends of plant genetic resources and to identify the most sig-
nificant gaps and needs. It was prepared with information provided by 113 
countries, and was the basis for updating the Global Plan of Action for the 
Conservation and Sustainable Utilization of Plant Genetic Resources for 
Food and Agriculture. It describes the most significant changes that have 
occurred since the publication of the first report in 1998.6

According to the second report, much more consensus exists on the 
occurrence of genetic erosion as a result of the total shift from traditional 
production systems (depending on farmers’ varieties) to modern produc-
tion systems (depending on released varieties), and major causes of genetic 
erosion were the same as identified in the first report: replacement of 
local varieties, land clearing, overexploitation, population pressures, envi-
ronmental degradation, changing agricultural systems, overgrazing, and 
inappropriate legislation and policy, as well as pests, diseases, and weeds. 
However, the report points out that more attention is now being paid in 
several countries to increasing genetic diversity within production systems 
as a way to reduce risk, particularly in light of changes in climate, pests, 
and diseases. According the the second report, significant progress has 
also been made in the development of tools and techniques to assess and 
monitor plant genetic resources for food and agriculture (PGRFA) within 
agricultural production systems, and countries now report a greater under-
standing of the amount and distribution of genetic diversity in the field, as 
well as the value of local seed systems in maintaining such diversity.

According to the report, 60 countries state that genetic vulnerability is 
significant, and many mention the need for a greater deployment of genetic 
diversity in order to counter the potential threat to agricultural production. 
However, the report points out that the true extent of genetic erosion is 
very complex to assess. Some examples of genetic erosion mentioned in the 
report are:
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•	 In Benin, there is concern that the current agricultural system is domi-
nated by monocultures, in particular of yam and commercial crops.

•	 China has reported cases in which rice and maize varieties have become 
more uniform and thus more genetically vulnerable.

•	 Ecuador reports that endemic plants are particularly vulnerable owing 
to their restricted distribution. In the Galapagos Islands, at least 144 
species of native vascular plants are considered rare; 69 of these are 
endemic to the Archipelago, including 38 species which are restricted 
to a single island.

•	 In Lebanon, the decrease in national production of almonds has been 
attributed to the genetic vulnerability of the few varieties grown.

•	 Madagascar has reported that the rice variety Rojomena, appreciated 
for its taste, is now rare, whereas the Botojingo and Java varieties of 
the northeastern coastal area have disappeared. The cassava variety 
Pelamainty of Taolagnaro (a city in Madagascar) and certain varieties 
of bean have disappeared from most producing areas and, in the case of 
coffee, 100 clones out of 256, as well as five species (Coffea campanien-
sis, C. arnoldiana, C. rostandii, C. tricalysioides, and C. humbertii) have 
disappeared from collections in the last 20 years. Wild yam species are 
also considered likely to disappear soon.

•	 Costa Rica reports that Phaseolus spp. (beans), including P. vulgaris, are 
threatened by serious genetic erosion; the same is true of the Indigenous 
crop Sechium tacaco and four related species: S. pittieri, S. talaman-
cense, S. venosum, and S. vellosum.

•	 In India, a large number of rice varieties in Orissa, some rice varieties 
with medicinal properties in Kerala, and a range of millet species in 
Tamil Nadu, are no longer cultivated in their native habitats.

•	 Yemen reports that varieties of finger millet (Eleusine coracana) and 
Eragrostis tef as well as oil rape (Brassica napus), which used to be 
among the most important traditional crop varieties grown in the coun-
try, are no longer grown or are grown only in very specific areas and that 
the cultivation of wheat, including Triticum dicoccum, has drastically 
decreased.

•	 In Albania, all primitive wheat cultivars and many maize cultivars, have 
reportedly been lost.

Other major conclusions of the second report are:

•	 The total number of accessions conserved ex situ worldwide has increased 
by approximately 20 percent since 1996, reaching 7.4 million. While 
new collecting accounted for at least 240,000 accessions, and possibly 
considerably more, much of the overall increase is the result of exchange 
and unplanned duplication. It is estimated that less than 30 percent of 
the total number of accessions are distinct. Although the number of 
accessions of minor crops and crop wild relatives has increased, these 
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categories are still generally under-represented. There is still a need for 
greater rationalization among collections globally.

•	 Scientific understanding of the on-farm management of genetic diversity 
has increased. The number of on-farm management projects carried out 
with the participation of local stakeholders has also increased some-
what. Although this approach to the conservation and use of PGRFA is 
becoming increasingly mainstreamed within national programs, further 
efforts are needed in this regard.

•	 In many countries public sector plant breeding has continued to con-
tract, with the private sector increasingly taking over. Agriculture in 
many developing countries that reduced their support to public sector 
crop development, leaving, instead, the sustainable use of PGRFA to 
the private sector, is more vulnerable than in the past as private sector 
breeding and seed enterprise is largely restricted to a few crops for 
which farmers buy fresh seed each season. Considerably more attention 
and capacity-building is urgently needed to strengthen plant breeding 
capacity and the associated seed systems in most developing countries, 
where most of the important crops are not, and will not be, the focus of 
private enterprise.

Finally, it is important to stress that agrobiodiversity is valuable not only 
for small-scale traditional farming, but also for large-scale commercial 
production systems. Genetic diversity (including the genes of wild relatives) 
continues to be vital for modern agriculture, plant and livestock breed-
ing, and for new methods of bioengineering and biotechnology. Increasing 
numbers of large commercial producers are also beginning to recognize and 
profit from the benefits of agroecosystem diversity, such as using intercrop-
ping and crop rotation and enhancing soil and insect diversity, and examples 
can be found among major producers of grapes, vegetables, and rice in 
Europe, the United States, and parts of Asia. These producers generally 
are motivated to try such changes after experiencing significant losses with 
monocultural, uniform systems (Thrupp, 1998, pp. 19–20). Biodiversity is 
essential to any agricultural system, and to ecological stability.

notes
1 According to Conway (1987), an agroecosystem is an ecological and socioeco-

nomic system, comprising domesticated plants and/or animals and the people 
who husband them, intended for the purpose of production of food, fiber, or 
other agricultural products.

2 Wood and Lenné (1999) exclude wild plants and animals outside the agroecosys-
tem. According to them, although such wild food is often of critical importance 
to farm families, it is not part of the farm and is not agrobiodiversity. 

3 The State of the World’s Animal Genetic Resources for Food and Agriculture is 
the first global assessment of livestock biodiversity. It was announced during 
the First International Technical Conference on Animal Genetic Resources for 
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Food and Agriculture, held in Interlaken, Switzerland, between December 3 and 
7, 2007, (http://www.fao.org/docrep/010/a1260e/a1260e00.HTM, accessed 
December 15, 2010). 

4 The Convention on Biological Diversity (CBD) was approved during the Second 
Conference of the United Nations on Environment and Development, held in 
Rio de Janeiro in 1992. It entered into force on December 29, 1993, and has 
three main objectives: conservation of biological diversity, sustainable use of 
the components of biological diversity, and the fair and equitable sharing of the 
benefits arising out of the utilization of genetic resources. The Fifth Conference 
of the Parties of the CBD was held in Nairobi between May 15 and 26, 2000 
(http://www.cbd.int/decision/cop/?id=7147; accessed December 10, 2010). 
Other decisions relevant to agricultural biodiversity are COP 10 Decision X/34, 
COP 8 Decision VIII/23, COP 7 Decision VII/3, COP 6 Decision VI/5, COP 5 
Decision V/5, COP 4 Decision IV/6, and COP 3 Decision III/11 (http://www.
cbd.int/agro/decisions.shtml; accessed December 10, 2010).

5 The Second Report on the State of the World’s Plant Genetic Resources for Food 
and Agriculture is divided into eight chapters, which address the state of diver-
sity; the state of in situ management; the state of ex situ conservation; the state 
of use; the state of national programs, training needs, and legislation; the state 
of regional and international collaboration; access to plant genetic resources, 
the sharing of benefits arising out of their utilization and the realization of 
farmers’ rights; and the contribution of plant genetic resources to food security 
and sustainable agricultural development (http://www.fao.org/docrep/013/
i1500e/i1500e00.htm; accessed December 15, 2010).

6 As a strategic framework, the Global Plan of Action needs to be periodically 
reviewed and updated. An updated version of the Global Plan of Action was 
approved by the Commission on Genetic Resources for Food and Agriculture 
in July 2011, based primarily on the gaps and needs identified in the Second 
Report, and in the light of new challenges such as climate change.
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