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Variety is the source of life:

Agrobiodiversity benefits, challenges, and needs

For millennia, humankind’s food security and resilience were ensured by thousands of cultivated plant species,
dozens of domesticated animal species, and the wider biodiversity from which they derive. But with the expansion
of industrial agriculture and globalized standardized food systems, this long-running agricultural biodiversity has
fallen steeply. Today, just three plant species account for half of all plant-based food calories,’' and only four animal
species account for the vast majority of meat supplies.” Looking ahead, restoring agrobiodiversity - the richness of
what we cultivate, breed, consume, and conserve in the wild - is crucial to ensure resilient food systems against the
backdrop of climate change. In particular, we must safeguard the livelihoods of the “guardians of agrobiodiversity”:
approximately 500 million small farms across the world - particularly those in the global South.’ This factsheet
outlines causes and consequences of agrobiodiversity loss, areas of promise, and options for policy and research.

Bountiful sameness

Step into virtually any supermarket in the world today and
the scene will be similar: aisles and refrigerators teeming
with groceries from all over the globe. Yet the cornucopia of
items on display may distract from a core reality: Most su-
permarket goods derive from a narrow selection of plants
and animals compared to what nature provides and could
be eaten - or is and has been eaten by diverse peoples and
our ancestars since time immemorial. Consumers today are
arguably sold a powerful illusion of diversity and choice.
There are many shapes of bread and pasta on offer, but most
are made from just a handful of plant species such as wheat.
There are numerous kinds of milk, yoghurt, and cheese, but
most come from a small number of livestock breeds. And
ingredients like palm oil are added to everything from peanut
butter to soap.

Agrobiodiversity

The underlying homogeneity of food marketed in the in-
dustrialized world - and increasingly everywhere else - is a
symptom of deteriorating agricultural biodiversity, or agro-
biodiversity, for short. The term refers callectively to the broad
genetic spectrum of plants (varieties), animals (breeds), micro-
organisms, etc. domesticated and cultivated by humankind
for consumption as food, medicine, shelter, clothing, etc. - as
well as the wealth of farming practices and local knowledge
used to produce them.

Agrobiodiversity emerged over the millennia in different key
regions spread around the world, where separate human
groups began to domesticate, cultivate, and breed different
local plant varieties and animal species derived from the
richness of flora and fauna existing in their ecosystems. For
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Key terms

- Agrobiodiversity encompasses “all components of bio-
logical diversity of relevance to food and agriculture, and
all components of biological diversity that constitute the
agricultural ecosystems, also named agro-ecosystems:
the variety and variability of animals, plants and mi-
cro-organisms, at the genetic, species and ecosystem
levels, which are necessary to sustain key functions of
the agro-ecosystem, its structure and processes” (COP,
CBD 2013)."

- Agroecology refers to a scientific, technical, and social
movement to preserve and restore local or regional ag-
ricultural self-reliance, conserve and regenerate natu-
ral resources, produce healthy foods with fewer inputs,
empower small farmers and peasant organizations, and
foster new, more sustainable and resilient food systems.
It challenges “mainstream” policies oriented towards in-
dustrial agriculture, private agribusiness, commoditiza-
tion, etc. while seeking to identify new political pathways
for our food systems.”

- Sustainable food systems are at the heart of UN Sustain-
able Development Goal 12 on responsible consumption
and production, and are one of the six key “entry points”
for action identified in the Global Sustainable Develop-
ment Report 2019.° Food systems comprise all the stag-
es involved in feeding humankind, from use of inputs
(e.g. seeds, fertilizer) for crop growing to processing,
packaging, transporting, retail, consumption, and food-
waste management. Sustainable food systems must
ensure fulfilment of the right to adequate food for all,
reduce poverty and inequality, and maximize environ-
mental performance and social-ecological resilience.”

example, evidence points to cultivation of wheat first emerging
in the Middle East, maize in Central America, potatoes in South
America, apples in Central Asia, and soybeans in East Asia.
Over time, successive waves of managed selection, migration,
colonization, and trade transplanted, mixed, and remixed these
diverse agricultural crops and farming practices the world over
- spreading them far beyond their original ecosystems.

In recent decades, however, studies show that agrobiodiver-
sity has declined steeply.” Whereas historically about 7,000
plant species were cultivated for food, today only about 80
plant species make major contributions to food supplies at
the global level.” In fact, half of all plant-based calories come
from only three species - rice, maize, and wheat® - while 93%
of global meat supplies come from just four animal species -
pigs, poultry, cattle, and buffalo.” Indeed, humankind is farm-
ing and consuming ever fewer plant and animal species. To
understand why this is a serious risk, it helps to review the
many benefits of agrobiodiversity.

Why is agrobiodiversity vital?

Food security is ensured by agrobiodiversity. Cultivation and
rearing of many different plant and animal species and va-
rieties - in different ways and at different scales - helps to

buffer overall agricultural production against key threats.
These include weather extremes, pest outbreaks, plant dis-
eases, market fluctuations or failures, logistical breakdown of
seed provision due to conflict or natural hazards, as well as
new uncertainties related to climate change. Where one kind
of plant, animal, or farming practice falls prey to a particular
threat, others may prove capable of withstanding, adapting,
or thriving in response to it. In this way, preserving genetic
and technical diversity at the field, landscape, and global lev-
els serves as an insurance palicy. It ensures that our food sys-
tems remain adaptive and resilient to shocks and changes.®

Health and medicinal benefits are equally important. In-
creasing evidence shows strong links between agricultural
diversity, dietary diversity, and health outcomes.? Cultivating
and consuming a wide range of local crops supplemented
by wild-harvested species ensures a healthy diet, especial-
ly among poor rural families.” Moreaver, dozens of effective
remedies - from aspirin to new cancer drugs - derive in whole
or in part from wild-harvested or cultivable plants. Many oth-
ers likely remain to be discovered or adopted more broadly
by medicine - possibly including major health breakthroughs.

Sustaining rich human culture and knowledge is also vital,
particularly that of indigenous communities, peasants, and
family farmers. Agrobiodiversity stems from numerous local
contexts and a rich variety of non-materialist cultures, values,
and experiences. It is part of humanity's shared social-eco-
logical heritage and wisdom. This collective knowledge has
enabled humankind to survive in wide-ranging - even ex-
treme - environmental conditions. It is crucial to retain as we
enter an uncertain climatic future.”

Protection of ecosystem services is a final core benefit. Agro-
biodiverse areas - characterized by rich tapestries of hu-
man-managed crops, natural landscape features, and wild
plants and animals - help to sustain the web of life. They con-
tribute to regulation of water cycles, for example, and provide
safe habitats for pollinatars like bees, butterflies, and other
fauna that fulfil irreplaceable, life-sustaining roles - also for
modern agriculture.” Overall, farms abundant in agrobiodi-
versity underpin the provision of numerous other ecosystem
services.”

Stark reality of declining agrobiodiversity

Despite these documented benefits of agrobiodiversity, evi-
dence of its sharp decline continues to mount. Globally, the
FAO estimates that 75% of crop diversity was lost in the 20®
century. Country-level estimates vividly illustrate the down-
ward trend: In China, for example, approximately 90% of
10,000 wheat varieties cultivated in 1940 were abandoned
by 1970. In Mexico, about 80% of maize varieties were lost
between 1930 and 1970. And in the US, around 80-95% of
the varieties of apples, cabbage, field maize, pea, and tomato
were given up between 1904 and 2000."

Similar declines have occurred regarding animal diversity.
In Europe and North America, for instance, Holstein-Friesian
livestock breeds now comprise between 60% and 90% of all
dairy cattle, respectively. Overall, a small handful of highly
productive livestock breeds, suited to industrial production
systems, are gradually replacing other diverse breeds world-
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Figure 1. Global diversity of food commaodities (as a proxy for agrobiodiversity). The higher the H-index, the higher the diversity.

wide.” The FAQ's Global Databank for Animal Genetic Resourc-
es for Food and Agriculture lists approximately 8,800 known
livestock breeds. But about 7,740 of these are categorized as
solely local breeds, meaning they are only found in one coun-
try. Further, over 590 local breeds are listed as extinct, while
another 153 are classified as at risk of extinction.?® Between
2001 and 2007, 62 breeds went extinct - a rate of almost one
breed per month.”

Finally, there is growing concern about the remaining wild
relatives of various crops, which play a critical rale in plant
breeding - especially to adapt to changing environmental
conditions. Research shows that, unless action is taken to pro-
tect them, 16-22% of the wild relatives of peanut, potato, and
cowpea plants could be gone by 2055, cutting their areas of
distribution by 50% and leaving them significantly fragment-
ed and vulnerable. These and other crop wild relatives are
an irreplaceable source of new plant varieties that could have
highly valuable traits such as drought or disease resistance.

Drivers of loss

Land use change linked to massive expansion of globalized,
highly commercialized industrial agriculture is the main over-
arching driver of declining agrobiodiversity. By adopting this
model of industrial agriculture, numerous countries have tran-
sitioned to input-intensive production of a restricted number
of plant species, breeds, and varieties, grown in vast mono-
cultures.? Monoculture farming is strongly linked with large-
scale animal agriculture, with 33% of global arable land used
to produce feed (e.g. maize, soya) for livestock. Crop mono-
cultures and industrial livestock farms are frequently imple-
mented at the expense of vital forestland or formerly highly
diverse agricultural landscapes. While livestock farming ac-
counts for 77% of current agricultural land, animal-based food
provides only about 17% of global food calories and 33% of
global protein.? Such land use is highly inefficient: Beef pro-
duction, for example, requires 20 times more land and emits
20 times more greenhouse gases per unit of edible protein
than common plant-based protein sources.”

(Based on data from 2005; map source: Herrero et al. 2017)*

Enclosure of land and forest commons through land “grabbing”
and concentration is another key driver. To date, foreign inves-
tars have taken control of 42 million hectares of land world-
wide. Unconcluded land deals add another 18 million hectares
to that total.?® Most of these “land grabs” occur in agricultur-
al or forest areas where small-scale farmers practise family
and community-based agriculture.?” The common-property
systems these smallholders often maintain - featuring high
levels of agrobiodiversity - are a prominent victim of large-
scale land acquisitions.”® The investors regularly shift land
use towards monocultures, etc.

Replacement of local plant varieties and animal breeds with
uniform, commercial ones also drives losses. When farmers
abandon native landraces to cultivate new crop varieties or
animal breeds, the traditional ones are lost. Since the “Green
Revolution” of the 1950s, the spread of new, standardized
plant varieties in the developing world has been dramatic.
By 1990, they covered half of all wheat lands globally, for in-
stance, and more than half of all rice lands.”® This resulted in
large yield increases of certain crops, but also in major sacri-
fice of crop diversity.

Corporatization and monopolization of food systems strongly
fuels the decline of agrobiodiversity as well. This is especially
evident in the growing concentration of ownership, produc-
tion, and distribution of commercial seeds and other inputs
(pesticides, fertilizer, etc)) in the hands of ever fewer trans-
national corporations - reinforced by an increasingly stand-
ardized and more centrally controlled “production model”*
After the mergers of Dow and DuPont (2015), ChemChina and
Syngenta (2016), and Bayer and Monsanto (2016), these big
firms control at least 75% of the global market for agricultural
inputs.” Similar levels of market concentration are found in the
global trade, processing, and retail of agricultural commodi-
ties like grains.” Notably, Switzerland is home to headquar-
ters of the biggest “fast moving consumer goods” company
(Nestlé) as well as dominant global players in agricultural
commodity trading (ADM, Dreyfus, Bunge, Cargill, Glencore)
and in the development and sale of agrochemicals and
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Figure 2. Global spatial distribution of dominant farm field sizes. (Based on data from 2011; map source: Lesiv et al. 2018)*

genetically modified seeds (Syngenta). The growing power of
these conglomerate agribusinesses is crucial: Their business
model depends on continuous expansion and consolidation
of monoculture-based food systems that directly threaten
agrobiodiversity.*

Guardians of remaining agrobiodiversity:
Small and family farmers

Despite these troubling trends, dense areas of abundant
agrobiodiversity still remain scattered around the world.
This can be seen in a map showing the global distribution of
food commaodity diversity, which can be used as a proxy for
agrobiodiversity (see Figure 1). Comparison with another map
showing the global distribution of dominant farm sizes (see
Figure 2) gives a critical insight: It appears to be the global
community of smallholders and medium-scale farmers who
are the primary guardians of the world’'s remaining agrobio-
diversity in vital hotspots - and in many places and spaces
between fast-spreading large-scale monocultures. For exam-
ple, one recent study shows that the bulk of genetic diversity
of 27 crop species - across five continents - continues to be
maintained on smaller farms and at the community level, in
the form of traditional crop varieties Another recent study
shows that nutrients vital to human growth and development
(e.g. calcium, protein, vitamins A and B12, zinc) are most like-
ly to come from crops, livestack, and aquaculture on farms
smaller than 50 hectares, especially in Africa and Asia.*

These smaller-scale farmers are typically less integrated into
the commercialized global value chains of national and trans-
national agribusiness. By choice or necessity, they often con-
tinue to use local inputs, such as heirloom seeds for crops or
manure for fertilizer. In Africa, for example, the informal seed
sector remains the backbone of local agriculture. Review of
a major dataset - comprising 9,660 observations in six Afri-
can countries and covering 40 crops - showed that farmers
obtain 90% of their seed from informal systems, with 51%
deriving from local markets.*® Based on open, autonomous
farmer-to-farmer exchange, local adaptation, shared devel-

opment, and reproducibility, these traditional seed sectors
keep agrabiodiversity alive as part of a “cognitive-genetic”
commons, as was done over the millennia.*

In addition, common pool resource management is a domi-
nant feature of many of these smallholder farming systems.
With few exceptions, common pool resource areas feature
higher levels of agrobiodiversity than those of large private
or state-owned agricultural operations.“

Importantly, these smallholders are not maintaining agrobi-
adiversity for its own sake. Rather, they are essential food
producers, providing half of global food calories according to
recent estimates.”’ And they produce this major share of food
while occupying just 24-28% of all agricultural land globally.*
They should not be seen as practitioners of outdated farm-
ing systems. Instead, they should be viewed as vital torch-
bearers for agroecological transitions to more sustainable
food systems.”

Core challenge: Harmonizing policies to support
agrobiodiverse food systems and farming practices

As the evidence shows, the fate of small- and medium-sized
farms and the fate of global agrobiodiversity are intimately
linked - as goes one, so goes the other. A major task for
policymakers going forward is finding effective ways of
supporting agrobiodiversity-friendly food systems, and the
small farmers that sustain them.

The policy instruments that currently shape our food systems
- from local to international governance levels - can be use-
fully divided into two categories: first, those that enable agro-
biodiversity and smallholder farming systems by supporting
the complexity of social-ecological food systems (Figure 3,
bottom row); and, second, those that undermine agrobiodi-
versity by focusing narrowly on maximizing the profitability
of individual commodity crops or livestock breeds (Figure 3,
top row).
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Figure 3. Policies enabling (bottom row) or undermining (top row) the conservation of agrobiodiversity as a cornerstone of

To the fore of the debate are major agreements and other
policy instruments that explicitly support agrobiodiversity.
Key global-level instruments include the FAQ's Internation-
al Treaty on Plant Genetic Resources for Food and Agricul-
ture (ITPGRFA), or “Seed Treaty”, effective since 2004, and
the Nagoya Protocol on Access to Genetic Resources and
the Fair and Equitable Sharing of Benefits Arising from their
Utilization, effective since 2014. They particularly emphasize
the importance of protecting diverse genetic varieties - not
only by maintaining seed banks, but also by maintaining
and encouraging diversity of farming systems. Art. 6 of the
Seed Treaty stresses that “diversity is necessary to ensure
sustainable use of these resources”. Core global agreements
also emphasize the importance of diversity in food con-
sumption, such as the right to adequate food as enshrined
in Art. 11 of the International Covenant on Economic, Social
and Cultural Rights. At the national level, palicies deriving
from these wider agreements include, for instance, domestic
subsidies for farmers who provide agrobiodiversity-based
services, or public procurement schemes to promote con-
sumption of agrobiodiverse products (e.g. via public-school
meal programmes).

Less discussed, but arguably more consequential for agro-
biodiversity, are the many food system-related policies that
aim to increase the output, economic competitiveness, and
standardization of agriculture. These “productivist” and mar-
ket-oriented policies currently tend to undermine agrobiodi-
versity. At the national level, there are a range of palicies and
schemes in place that push for uniformity and market con-
salidation in every link of the value chain - whether inputs
(e.g. proprietary seeds), production (e.g. monocultures), pro-
cessing (e.g. centralized facilities in the global North), trade
(e.g. vertical integration), retailing (e.g. chain supermarkets),
or consumption (e.g. narrowing people’s tastes). At the in-
ternational level, this tendency is strengthened by current
trade and investment frameworks that are not aligned with
agrobiodiversity-related objectives and do not differenti-

sustainable food systems. (Source: authors’ analysis)

ate between production methods.** Anti-monopoly policies
designed to promote market diversity are poorly enforced,
narrowly price-focused, and neglect the unique needs for bi-
ological and technical diversity in food systems. Indeed, to
restore and strengthen agrobiodiversity, policymakers must
reform and better align these market-oriented policies.

Path forward to protect and restore agrobiodiversity

In arder to fix this misalignment of policies, agrobiodiversity
must be mainstreamed in all policies at every level of govern-
ance. Among experts, including the present authors, there is
a growing consensus on the need to adopt a comprehensive
approach to food systems in which the dominant uniformity
paradigm of the 20" century is replaced with a new diversity
paradigm for the 21° century.”® The importance of applying
a diversity lens to food systems has been emphasized, for
example, by the Seed Treaty and the UN Declaration on the
Rights of Peasants and other people working in rural areas,
adopted by the UN General Assembly in December 2018.¢

Several aspects are crucial to a new, more coherent, agrobio-
diversity-enabling policy architecture. First, it must recognize
the fundamental role of small- and medium-scale farmers
as the guardians of global agrobiodiversity. Second, it must
emphasize agrobiodiversity conservation and agroecology
as integral to fostering and scaling up sustainable and re-
silient food systems. This means protecting and promoting
agrobiodiversity in each stage of food systems - from input
provision to consumption (see Figure 3, centre row). Third, it
should strive to foster a thriving global seed commons, built
on active use and sharing of diverse seeds as well as princi-
ples of interdependence, complexity, human community, and
the links between diverse knowledge and diverse physical
environments.”
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Knowledge gaps and avenues for Swiss and global research

Based on a recent expert workshop on agrobiodiversity and
review of existing evidence, several promising avenues have
been identified for relevant Swiss and international research, in
particular to inform policy:

Factors shaping conservation of agrobiodiversity among small-
scale farmers

First, more research is needed on the factors - knowledge, prac-
tices, geography, actors, institutions, or policies - that help or
hinder conservation of agrobiodiversity. What explains the ob-
served agrobiodiversity hotspots? Research on the ground in
these areas could inventory the knowledge and practices that
make up this agrobiodiversity, such as cultural traditions, main-
tenance of commons, seed sharing, and alliances between small
farmers, processors, traders, etc. Other analyses could examine
its wider connections to (or disconnections from) external input
providers, buyers or traders, consumers, etc. as well as its overall
institutional embedding. How can smallholder-supported agrobi-
odiversity be reinforced, extended, sown, or restored elsewhere?
Can it be complemented or enhanced with new insights from the
field of agroecology, for example?

Role of Swiss businesses or financial activity in agrobiodiversity
decline

Increased research is also needed on the various agrobiodiver-
sity impacts of Switzerland-based private or public companies,
pension funds, financial service providers, etc. Systems-level
research could investigate their function in wider processes of
market-based food system consolidation (e.g. monopolization,
vertical integration). Sector-based studies could examine the
specific effects of dominant players in particular industries. To
what extent is Swiss finance involved in land deals that threaten
agrobiodiverse smallholder systems, land commons, and forest
commons? How are Switzerland-based agricultural input pro-
viders (seeds, pesticides, etc.) and other companies contributing

to replacement of local seed varieties or expansion of monocul-
tures? How could these harms be avoided or reversed?

Social and technological innovations to raise agrobiodiversity
awareness and demand

Research should also focus on ways of enhancing societal appre-
ciation for and access to agrobiodiverse goods, including more
local crops, “forgotten” varieties, seasonal products, etc. This
appears especially important against the backdrop of increasing
urbanization, “defarmization”, consumer alienation from food
producers, and people’s loss of cooking skills that support agro-
biodiversity. Projects could develop, test, and/or evaluate agro-
biodiversity-education programmes, certification and labelling
schemes for agrobiodiverse foods, and “solidarity economy"-ori-
ented networking of diverse small farmers, processors, retailers,
and consumers - including use of new digital technologies (e.g.
online hubs) to link these actors.

Development of policy-oriented innovations to aid agrobiodiver-
sity transformations

Finally, research should focus on the subnational, national, and
global policy changes needed to mainstream agrobiodiversity in
food systems. Legal, political, and economic studies should iden-
tify areas where reforms are required to harmonize rights-based
agreements and market mechanisms in favour of agrobiodiver-
sity. What scope is available for reshaping agricultural subsidies
worldwide on behalf of agrobiodiversity use and conservation?
How might financial regulations, import/export rules, incentives,
penalties, tariffs, or taxes be adapted in Switzerland to reduce
the country’s outsize ecological footprint - and harm to agrobi-
odiversity - in the global South?** How could trade, patent, and
antitrust law be applied to restructure markets and food systems
in favour of smaller-scale farms and businesses that maintain
agrobiodiversity? The time is ripe for researchers to tackle these
and other pressing policy questions.
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